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PREFACE  TO  FIRST  EDITION. 


QHOULD  experts  in  engineering  complain  that  they  do  not  find 
^  anything  of  interest  in  this  volume,  the  writer  would  merely 
remind  them  that  it  was  not  his  intention  that  they  should.    The 
book  has  been  prepared  for  young  members  of  the  profession ;  and 
one  of  the  leading  objects  has  been  to  elucidate  in  plain  English,  a 
few  important  elementary  principles  which  the  savants  have  envel- 
oped  in  such  a  haze  of  mystery  as  to  render  pursuit  hopeless  to  any 
but  a  confirmed  mathematician. 
JJ       Comparatively  few  engineers  are  good  mathematicians ;  and  in  the 
i]    writer's  opinion,  it  is  fortunate  that  such  is  the  case ;  for  nature  rarely 
Al  combines  high  mathematical  talent,  with  that  practical  tact,  and 
'       observation  of  outward  things,  so  essential  to  a  succession  engineer. 
.  There  have  been,  it  is  true,  brilliant  exceptions;  but  they  are  vcry: 
rare.    But  few  even  of  those  who  have  been  tolerable  mathematicians 
when  young,  can,  as  they  advance  in  years,  and  become  engaged  in 
business,  spare  the  time  necessary  for  retaining  such  accomplish- 
ments. 

Nearly  all  the  scientific  principles  which  constitute  the  founda- 
tion of  civil  engineering  are  susceptible  of  complete  and  satisfactory 
explanation  to  any  person  who  really  possesses  only  so  much  element- 
ary knowledge  of  arithmetic  and  natural  philosophy  as  is  supposed 
to  be  taught  to  boys  of  twelve  or  fourteen  in  our  public  schools.* 

^ — — ^"^■^>**«     ■       '  M  — — ^ — ^ — — 1— *— ■  ■        I  ■— ■   ■■■■        Ml  —  —I  —    ■  I    ■    ■       ■  U      % 

+  Let  two  little  boys  weigh  each  other  on  a  platform  scale.  Then  when  they 
balance  each  other  on  their  board  see-saw,  let  them  see  (and  measure  for  themselves) 
that  the  lighter  one  is  farther  from  the  fence-rail  on  which  their  board  is  placed,  In 
the  same  proportion  as  the  heavier  boy  outweighs  the  lighter  one.  They  will  then 
have  learned  the  grand  principle  of  the  lever.  Then  let  them  measure  and  see  thai 
the  light  one  seesaws  farther  than  the  heavy  one,  in  the  same  proportion ;  and  they 
will  have  acquired  the  principle  of  virtual  velociHe*.  Explain  to  them  that  tquntit% 
iff  womafa  mean*  nothing  more  than  that  when  they  teat  themselves  at  their  men> 
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The  little  that  is  beyond  this,  might  safely  be  intrusted  to  the 
savants.  Let  them  work  out  the  results,  and  give  them  to  the  engi- 
neer in  intelligible  language.  We  could  afford  to  take  their  words  for 
it,  because  such  things  are  their  specialty ;  and  because  we  know  that 
they  are  the  best  qualified  to  investigate  them.  On  the  same  princi- 
ple we  intrust  our  lives  to  our  physician,  or  to  the  captain  of  the 
vessel  at  sea,  Medicine  and  seamanship  are  their  respective  special- 
ties. 

If  there  is  any  point  in  which  the  writer  may  hope  to  meet  the 
approbation  of  proficients,  it  is  in  the  accuracy  of  the  tables.  The 
pains  taken  in  this  respect  have  been  very  great.  Most  of  the  tables 
have  been  entirely  recalculated  expressly  for  this  book ;  and  one  of 
the  results  has  been'  the  detection  of  a  goeat  many  errors  in  those  in 
common  use.  He  trusts  that  none  will  be  found  exceeding  one,  or 
sometimes  two,  in  the  last  figure  of  any  table  in  which  great  accuracy 
is  required.    There  are  many  errors  to  that  amount,  especially  where 


mred  distances  on  their  see-saw,  they  balance  each  other.  Let  them  see  that  the  weight 
of  the  heavy  boy,  when  multiplied  by  his  distance  in  feet  from  the  fence-rail 
amounts  to  just  as  much  as  the  weight  of  the  light  one  when  multiplied  by  his  dis- 
tance, and  that  each  of  these  amounts  is  in  foot-pounds.  Explain  to  them  that  the 
lighter  boy,  because  he  swings  faster  than  the  other,  has  greater  kinetic  energy,  not* 
withstanding  his  slighter  weight,  and  will  therefore  bump  harder  against  the  ground. 
The  boys  may  then  go  iu  to  dinner,  and  probably  puzzle  their  big  lout  of  a  brother 
who  has  just  passed  through  col  lego  with  high  honors.  They  will  uot  forget  what 
they  have  learned,  for  they  learned  it  as  play,  without  any  ear-pulling,  spanking, 
or  keeping  in.  Let  their  bats  and  balls,  their  marbles,  their  swings,  &c,  once 
become  their  philosophical  apparatus,  and  children  may  be  taught  (really  tanght) 
many  of  the  most  important  principles  of  engineering  before  they  can  read  or 
write. 

It  is  the  ignorance  of  these  principles,  so  easily  taught  even  to  children,  that  con- 
stitutes what  is  popularly  called  "The  Practical  Engineer;"  which,  in  the  great 
majority  of  cases,  means  simply  an  ignoramus,  who  blunders  along  without  knowing 
any  other  reason  for  what  he  does,  than  that  he  has  seen  it  done  so  before.  And  it 
is  this  same  ignorance  that  causes  employers  to  prefer  this  practical  man  to  one  who 
is  conversant  with  principles.  They,  themselves,  were  spanked,  kept  in,  Ac,  when 
boys,  because  they  could  not  master  leverage,  equality  of  moments,  and  virtual  velo- 
cities, enveloped  in  x's,  p's,  Greek  letters,  square-roots,  cube-roots,  Ac,  and  they 
naturally  set  down  any  man  as  a  fool  who  could.  They  turn  up  their  noses  at  science, 
not  dreaming  that  the  word  means  simply,  knowing  why.  And  it  must  be  confessed 
that  they  aYe  not  altogether  without  reason ;  for  the  savants  appear  to  prepare  their 
books  with  the  express  objoct  of  preventing  purchasers,  (they  have  but  few  readers) 
from  learning  why.  , 
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the  recalculation  was  very  tedious,  and  where,  consequently,  interpo 
lation  was  resorted  to.  They  are  too  small  to  be  of  practical  import- 
ance. He  knows,  however,  the  almost  impossibility  of  avoiding  larger 
errors  entirely;  and  will  be  glad  to  be  informed  of  any  that  may  be 
detected,  except  the  final  ones  alluded  to,  that  they  may  be  corrected 
in  case  another  edition  should  be  called  for.  Tables  which  are  abso- 
lutely reliable,  possess  an  intrinsic  value  that  is  not  to  be  measured  by 
money  alone.  With  this  consideration  the  volume  has  been  made  a 
trifle  larger  than  would  otherwise  have  been  necessary,  in  order  to 
admit  the  stereotyped  sines  and  tangents  from  his  book  on  railroad 
curves.  These  have  been  so  thoroughly  compared  with  standards 
prepared  independently  of  each  other,  that  the  writer  believes  them 
to  be  absolutely  correct. 

In  order  to  reduce  the  volume  to  pocket-size,  smaller  type  has  been 
used  than  would  otherwise  have  been  desirable. 

Many  abbreviations  of  common  words  in  frequent  use  have  been 
introduced,  such  as  abut,  cen,  diag,  hor,  vert,  pres,  &c,  instead  of 
abutment,  center,  diagonal,  horizontal,  vertical,  pressure,  &o.  They 
can  in  no  case  lead  to  doubt;  while  they  appreciably  reduce  the 
thickness  of  the  volume. 

Where  prices  have  been  added,  they  are  placed  in  footnotes.  They 
are  intended  merely  to  give  an  approximate  or  comparative  idea  of 
value ;  for  constant  fluctuations  prevent  anything  farther. 

The  addresses  of  a  few  manufacturing  establishments  have  also 
been  inserted  in  notes,  in  the  belief  that  they  might  at  times  be  found 
convenient.  They  have  been  given  without  the  knowledge  of  the 
proprietors. 

The  writer  is  frequently  asked  to  name  good  elementary  books  on 
civil  engineering ;  but  regrets  to  say  that  there  are  very  few  such  in 
our  language.  "  Civil  Engineering,"  by  Prof.  Mahan  of  West  Point ; 
"Boads  and  Railroads,"  by  the  late  Prof.  Gillespie ;  and  the  "  Manual 
for  Railroad  Engineers,"  by  George  L.  Vose,  Civ.  Eng,  and  Professor 
of  Civil  Engineering  in  Bowdoin  College,  Brunswick,  Maine,    are 
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the  best.  The  last,  published  by  Lee  &  Shepard,  Boston,  1873,  Is  the 
most  complete  work  of  its  crass  with  which  the  writer  is  acquainted. 

Many  of  Weale's  series  are  excellent.  Some  few  of  them  are 
behind  the  times ;  but  it  is  to  be  hoped  that  this  may  be  rectified  in 
future  editions.  Among  pocket-books,  Haswell,  Hamilton's  Useful 
Information,  Henck,  Molesworth,  Nystrom,  Weale,  Ac,  abound  in 
valuable  matter. 

The  writer  does  not  include  Rankine,  Moseley,  and  Weisbach, 
because,  although  their  books  are  the  productions  of  master-minds, 
and  exhibit  a  profundity  of  knowledge  beyond  the  reach  of  ordinary 
men,  yet  their  language  also  is  so  profound  that  very  few  engineers 
can  read  them.  The  writer  himself,  haying  long  since  forgotten  the 
little  higher  mathematics  he  once  knew,  cannot.  To  him  they  are  but 
little  more  than  striking  instances  of  how  completely  the  most  simple 
facts  may  be  buried  out  of  sight  under  heaps  of  mathematical  rubbish. 

Where  the  word  "  ton  "  is  used  in  this  volume,  it  always  means 
2240  lbs,  because  that  is  its  meaning  in  U.  S.  law. 

John  C.  Trautwine. 

Philadelphia,  September,  1876. 


PREFACE  TO  SIXTEENTH  EDITION. 

(FORTY-FIRST  THOU8AN0.) 


TN  preparing  the  "  Pocket- Book "  for  its  ninth  edition  (twenty- 
-*-  second  thousand,  1885),  it  was  so  thoroughly  revised  and  so 
greatly  enlarged  that  it  made  its  appearance  almost  as  a  new  book. 
Among  the  changes  then  made,  we  may  note  the  following: 

The  opening  articles  in  Hydraulics,  pp.  236/  etc,  and  the  re- 
marks on  City  Water  Supply,  Water  Pipes,  Pipe-joints,  Valves, 
Fire-Hydrants,  etc.,  pp.  293  to  305,  and  on  Riveted  Girders,  pp. 
537,  etc.,  were  rewritten  and  modernized;  the  arrangement  of 
Standard  Railway  Time  was  described,  p.  396 ;  dimensions,  weights, 
prices,  etc.  of  Manufactured  Articles,  pp.  398,  etc.,  were  brought  up 
to  date ;  the  articles  on  Strength  of  Beams,  formerly  scattered  through 
widely  separated  parts  of  the  book,  were  carefully  revised  and 
amended,  and  systematically  grouped  together,  pp.  478,  etc.;  and 
new  articles  were  added  on  Boring  Tools  for  Artesian  and  other 
Wells,  pp.  626,  etc.,  on  the  Nasmyth  Steam-Hammer  Pile-Driver 
p.  642,  on  Machine  Rock-Drills,  pp.  652,  etc.,  and  on  Modern  Ex- 
plosives, pp.  661,  etc 

Under  the  head  of  Railroads,  pp.  722,  etc,  were  grouped  the 
various  articles  on  subjects  pertaining  especially  to  them,  and  much 
sew  matter  was  added;  including  a  Table  of  Curves  for  Metric 
Measure,  p.  728 ;  original  rules  and  tables  for  estimating  the  cost  of 
excavation  and  embankment  by  wheeled  and  drag  scrapers,  and  by 
cars  and  locomotives,  pp.  747,  etc ;  an  account  of  the  Steam  Ex- 
cavator and  its  work,  pp.  750,  751 ;  and  descriptions  of  the  Portage. 
Kinzua,  and  .other  recent  iron  trestles,  pp.  756,  etc  The  former  re- 
marks on  Rail-joints,  Turnouts  and  Turn-tables  were  replaced  by 
entirely  new  and  enlarged  articles,  pp.  763  to  799,  based  upon 
modern  practice.  The  scattered  remarks  on  Locomotives  and  Cars, 
and  the  Railroad  Statistics,  formerly  given,  made  room  for  tabulated 
modern  data,  pp.  805  to  818,  on  these  subjects,  much  fuller  than  those 
which  they  replaced,  and  covering  both  standard  and  narrow-gauge 

roads. 

'*         ii    i  ■ ,n  i  — ^»^»^ 

*  The  references  are  to  the  present  edition. 
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Two  new  tables  of  Circles,  pp.  128,  etc.,  and  three  of  Ther- 
■nometer  Scales,  pp.  213,  etc.,  were  added ;  and  the  rules  for  Circular 
Arcs,  pp.  141,  etc.,  were  extended  and  remodeled. 

The  entire  work  was  then  subjected  to  a  thorough  re-arrangement, 
all  of  the  articles  (inol tiding  those  formerly  in  the  Appendix  and 
many  of  those  in  the  Glossary)  being  placed  in  a  rational  order,  the 
rule  being  to  proceed  from  the  abstract  to  the  concrete,  from  the 
theoretical  to  the  practical,  from  the  general  to  the  particular,  as 
will  be  seen  by  examining  the  Table  of  Contents,  pp.  xxiii.  to 
xxxii. 

The  book  was  furnished  with  an  entirely  new  and  very  complete 
index,  more  than  twice  as  extensive  as  the  former  one  and  strictly 
alphabetical  in  its  arrangement. 

The  addition  of  so  much  new  matter,  and  a  number  of  blank 
spaces  necessarily  left  in  making  the  re-arrangement  (most  of  which 
have  since  been  filled),  increased  the  number  of  pages  about  one- 
fifth,  and  further  increase  has  taken  place  in  later  editions. 

Before  the  appearance  of  the  ninth  edition,  the  manufacture  of 
the  book  passed  into  the  writer's  control,  and  since  that  time  great 
pains  have  been  taken  to  make  the  Pocket-Book  a  model  as  to 
typography  and  binding.  Much  care  has  been  exercised  in  the 
selection  of  an  opaque  paper  and  in  the  press-work,  so  as  to  secure  as 
great  legibility  as  possible,  in  spite  of  the  smallness  of  type  and  thin- 
ness of  paper  necessary  for  condensing  so  large  a  mass  of  matter 
within  such  narrow  limits.  Illustrations  that  lacked  clearness  or 
neatness  have  been  re-touched  and  re-lettered,  or  replaced  with  new 
and  better  cuts.   The  new  matter,  like  the  old,  is  very  fully  illustrated. 

Wherever  opportunity  offered,  advantage  has  been  taken  of  the 
changes  made,  to  substitute  "  nonpareil "  (the  larger  of  the  two  types 
heretofore  used)  for  the  smaller  'pearl."  Boldface  type  has 
been  freely  used ;  but  only  for  the  purpose  of  guiding  the  reader 
rapidly  to  a  desired  division  of  a  subject.  For  emphasis,  italics 
have  been  employed. 

New  rules  have  been  put  in  the  shape  of  formulae,  and  many  of 
the  old  rules  have  been  recast  in  that  form.  In  doing  this,  the  terms 
of  the  formula  have  either  been  written  out  in  full,  as  in  former 
editions,  or  else  placed  in  order,  with  their  symbols,  in  the  immediate 
vicinity  of  the  formula  itself,  so  that  the  reader  is  not  compelled  to 
look  back  over  a  number  of  pages  to  find  the  meaning  of  arbitrary 
symbols,  and  to  tax  his  mind  with  remembering  them  when  found. 
It  is  believed  that  the  formulae  will  be  found  at  least  as  easy  to  use 
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as  the  rules,  while  they  have  the  great  advantages  of  showing  the 
whole  operation  at  a  glance,  of  making  its  principle  more  apparent, 
and  of  being  much  more  convenient  for  reference  and  recollection. 

The  choice  of  articles  of  manufacture  or  of  merchandise  for  illus- 
tration, has  been  guided  by  no  other  consideration  than  their  fitness 
for  the  purpose,  and  the  courtesy  of  the  parties  representing  them, 
in  supplying  information. 

The  principal  changes  in  the  tenth  and  later  editions  are  as 
follows : 

The  articles  on  Flow  of  Water  in  Channels,  pp.  268,  eta,  on 
Friction,  pp.  370,  etc.,  and  on  Timber  Preservation,  pp.  425,  etc., 
have  been  re-written  and  much  extended.  In  the  first  named, 
Kutter's  formula  is  much  more  fully  discussed;  tables  are  added  to 
facilitate  its  use,  and  instructions  given  for  preparing  a  diagram 
from  which  its  results  may  readily  be  taken  by  inspection.  Under 
Friction  will  be  found  the  results  of  recent  researches,  including 
those  of  Capt.  Douglas  Galton  on  brake  friction.  The  new  article 
on  Timber  Preservation  embodies,  besides  other  matter,  the  results 
published  by  a  Committee  of  the  American  Society  of  Civil  En- 
gineers in  1885. 

The  remarks  on  Dynamics,  pp.  306,  etc.,  the  Rules  for  Parallel 
Forces  and  Center  of  Gravity,  pp.  347  to  351  A,  and  for  Falling 
Bodies,  Moment  of  Inertia  and  Radius  of  Gyration,  pp.,  362  to  367, 
the  opening  remarks  on  Strength  and  Fatigue  of  Materials,  pp.  434, 
etc.,  and  the  Rules  for  Strengths  of  Pillars,  pp.  439,  etc.,  and  for  De- 
flections of  Beams,  pp.  505  a,  etc.,  have  also  been  re-written  and  sim- 
plified, and  most  of  them  treated  much  more  fully  than  before.  The 
subject  of  flow  over  weirs  is  discussed  in  a  new  and  greatly  enlarged 
article,  pp.  265,  etc.,  embodying  the  results  of  the  modern  experi- 
ments of  Francis,  Fteley  and  Stearns,  Bazin  and  Herschel ;  and  illus- 
trated suggestions  for  the  construction  of  small  measuring  weirs  are 
given  on  pp.  286,  etc. 

For  the  present  issue  (sixteenth  edition,  forty-first  thousand)  the 
principal  new  features  are  a  Table  of  Reciprocals,  pp.  53  a  to  53/, 
Tables  of  Heads  and  Pressures,  pp.  394  a  to  394  c,  and  Tables  of  Dis- 
charges in  cubic  feet  per  second  and  in  gallons  per  day,  pp.  394  d  to 
394  h.  The  table  of  weight  of  water  in  one  foot  length  of  pipes  of 
different  diameters,  p.  246,  has  been  greatly  extended  and  put  in 
larger  type ;  and  co-efficients  for  the  conversion  of  heads  into  pres- 
sures and  vice  versa  have  been  placed  in  convenient  form,  with  their 
logarithms,  on  p.  224.    On  p.  267  i  are  given  the  results  of  Bazin's 
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experiments  with  inclined  weirs,  and  on  pp.  454  to  456  and  523  c  and 
d  new  tables  of  Carnegie's  columns  and  beams.  Additions  and  other 
changes  will  be  noticed  also  on  pp.  58,  267  j,  296, 3696, 390,  391,  463, 
467,  and  813. 

John  C.  Tratjtwine,  Jr. 

Philadelphia,  October,  1892. 


In  the  1894  issue  of  the  Sixteenth  Edition  (45th  thousand)  there 
have  been  added :  an  article  on  Blue  Prints,  pp.  432  a,  etc. ;  further 
remarks  on  the  Distribution  of  Pressure  in  Joints,  pp.  434  h,  etc. ; 
definitions  of  terms  used  in  connection  with  Railroad  Curves,  pp. 
725  a,  etc. ;  and  a  Greek  Alphabet,  with  the  English  names  and 
equivalents  of  the  letters,  p.  818  a. 

J.  C.  T.,  Jr. 

Philadelphia,  May,  1894. 
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AEITHMETIO. 


Oh  this  subject  we  shall  merely  give  a  faw  examples  for  refreshing  the  memory  of  those  who  for 
want  of  constant  practice  cannot  always  recall  the  prooesses  at  the  moment. 

Subtraction  of  Vulgar  Fractions. 

1-1=*    l-*=*=l-     !-}  =  *-!•     f-|=«-H  =  ,V 

Addition  of  Vulgar  Fractions. 

»*  +  '!=  V  +  f  =  H  +  H=  W  =  * 
t+t+t-tt+H  +  W=W  =  iH  =  »rV 

Multiplication  of  Vulgar  Fractions. 

ixi=|.     |xj  =  ^.     fxf=J|  =  ^.     }xf  =  ft  =  A- 

»Jx.f  =  Vxt=W-     |xfx|=tJ=f 
4.-i^f^J=fxixJxJ=iJ§=fJ=i. 

Division  of  Vulgar  Fractions. 

»**>!=V*i  =  tt  =  Y='l-  »*i  =  **t=V=»». 

To  >nd  tlie  greatest  comnu  dlTlsor  of  a  Vulgar  Fraction. 

Mm.  I.  or  t%-        "'JIS™  Bx. ..  or  f£        »W« 

35)70(1  4)20(5 

70      Ana  36.  20      Ads  4. 

To  reduce  a  Vulgar  Fraction  to  Its  lowest  terms. 

First  And  the  greatest  eomiuoti  divisor:  then  divide  both  the  numerator  and  denominator  by  It. 
Thiu,  in  the  preceding  example  -j'^Py  =  §  Ana.    And  f$  =  ^r1  Ans. 

3  33 
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ARITHMETIC. 


To  rednce  a  Vulgar  Fraction  to  a  decimal  form. 

Divide  the  numerator  by  the  denominator.    That, 

i  =2)1.0(0.5  Ann. 

*  10 


V  =  4)13(8.26  Ans. 
*  12 


|4  =  40)82.0(0.8  Am. 
40  82  0 


10 

8 

20 

20 


Reduce  8  lnohes  to  the  decimal  of  a  foot.    There  are  12  Ins  In  a  foot;  therefore,  the  question  Is 

to  reduce  vW  to  a  deoimal.    Therefore,  12)3.0(0.25  of  a  foot.  Ans. 

24 


60 
60 


Reduee  2  ft  8  ins  to  the  decimal  of  a  yard.    There  are  86  ins  in  a  yard;  and  27  ins  in  2  ft  8  lnsi 

therefore,  f-2-  of  a  yard  =  86)27.0(0.75  of  a  yd.  Ans. 

262 


180 
180 

How  many  feet  and  ins  are  there  in  .75  of  a  yard  ?    Here 

.75 
8  ft  in  a  yd. 

Pt  2). 25 

12  ins  in  a  ft.   . 


Ins  8.00       Ans  2  ft  8  ins. 

How  many  feet  and  ins  are  there  in  .0625  of  a  yard  ? 

.0626 

t  feet  in  a  yd. 


No  feet,  .1875 

12  ins  in  a  ft. 


Ins  2.2500 


ft.      inc. 

Ans.  0        2.25. 


How  many  eublo  feet  are  there  in  .814  of  r.  cub  yaid  ?    And  cub  ins  in  .46  of  a  eub  ft  T 

.314  .46 

27  cub  ft  in  a  yd.  1728  eub  ins  a  eub  ft. 


2196 
628 

8.478  cub  ft.    Ans. 


868 
92 

822 

46 


794.88  oub  ins.   Ans. 

Fractions  red  need  to  exact  decimal*. 


A 
A 
A 
A 

.015625 
.03125 
.046875 
.0625 

A 

.265625 
.28125 
.296875 
.8125 

H 

tt 
*4 
A 

.515625 
.53125 
.546875 
.5625 

» 

If 
fi 
» 

.765625 
.78125 
.796875 
.8125 

A 
A 

A 
1 

.078125 
.09375 
.109375 
.125 

H 
tt 
H 

1 

.328125 
.84375 
.859875 
.375 

f 

.678125 
.59375 
.609375 
.625 

« 

.828125 
.84375 
.859375 
.875 

A 
A 
H 

A 

.140625 

.15625 

.171875 

.1875 

H 
tt 
» 

A 

.390625 

.40625 

.421875 

.4375 

tt 
tt 

tt 
tt 

.640625 
.65625 
.671875 
.6875 

« 
ft 
» 

tt 

.890625 
.90625 
.921876 
.9375 

.203125 
.21875 
.234375 
.25 

H 

tt 

i 

.453125 
.46875 
.484375 
5 

« 

tt 
tt 

8 

T 

.703125 
.71875 
.734375 
.75 

tt 

fi 

« 

1 

.953125 
.96875 
.984375 
1. 
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Decimal*. 

Aroma*.  Add  together  .26  and  .75;  also  .006, 1.3472,  aud  43. 

.25  .006 
.75                                                                                                   1.8471 
43. 


1.00    Ana.  

44.3532 

Bvbmiaosiow.  Subtract  .25  from  .75 ;  aiao  .0001  from  1 ;  also  6.30  from  9.01. 

.75  1.  9.01 

.25  .0001  6.3fr 


.50  Ana,  .9999    Ana.  2.71 

Multiplication.  Molt  8  X  J;  also  .8  X  .3 ;  also  .3  X  .03;  also  4.326  X  -003. 

3  .3  .3  4.326 

.3  .3  .03  .003 

.9  Ana.  .09  Ana.  .009  Ana.  .012978  Ana. 

Divnuon.  Divide  3.  by  .8 ;  also  .3  by  .3 ;  also  J  by  .03 ;  also  4.326  by  .0003. 


.8)3.0(10.  Ana. 

8 

.8;.3(1.  Ana.      .03)90(10.  Ana. 
3                           3 

.0008)4.3260(14420. 
3 

0 
Divide  63  by  87.648. 

0 

87.043)68.0080(0.719,  *c.  An*. 
60.9294 

IT" 
12- 

~  107060 
87042 

13 
18 

200186 

~~6~ 

6 

Divide  .006  by  20, 

20.000).0060009(0.0003  Ana. 
60000 

~ 

Baotleei  mala. 

Duodecimals  refer  to  square  ftot  of  144  sq  ius;  to  twelfths  of  a  square  or  duodecimal  foot;  each 
such  twelfth  being  called  an  inch;  and  being  equal  to  12  square  iaehes ;  and  to  twelfth*,  each  equal 
to  the  12th  of  a  duodecimal  inch,  or  to  oue  square  inch.  The  dimensions  of  the  thing  to  be  nieasd 
are  supposed  to  be  taken  in  common  feet,  ins,  and  12ths  of  an  inch;  but  as  ordinary  measuring 
rules  are  divided  into  8ths  of  an  inch,  it  is  usually  guess-work  to  some  extent.  Duodecimals  are 
very  properly  going  out  of  use,  in  favor  of  decimals;  we  shall  therefore  give  no  rule  for  them.  By 
means  of  our  table  of  "  Inches  reduced  to  Decimals  or  a  Foot,"  p.  888,  all  dimensions  in  feet,  ins, 
and  8tha,  Ac,  can  be  at  once  taken  out  in  ft  and  decimals  of  a  foot. 

Single  Rale  of  Three;  or,  Simple  Proportion. 

If  3  men  lay  10000  bricks  in  a  certain  time,  bow  many  oould  6  men  lay  in  the  same  time?  They 
will  evidently  lay  more;  therefore,  the  second  term  of  the  proportion  mu3t  be  greater  than  the  first. 

8:6::  10000  :  20000  Ans. 
6 
3)60000 

20000  Ana. 

If  3  men  require  10  hoars  to  lay  a  certain  number  of  bricks,  how  many  hours  would  6  men 
require?  They  will  evidently  require  leas  time;  therefore,  the  second  term  of  the  proportion  must 
be  leas  than  the  first. 

6  :  3  :  :  10  :  5  Ana. 
3 

6)80 

5  Ans 

Doable  Rale  of  Tttre*;  or,  Compound  Proportion. 

If  three  men  can  lay  4000  bricks  in  2  days,  how  many  men  can  lay  12000  in  3  days  ?  Here  we  see 
that  4000  brinks  require  3  X  2=6  day*'  work;  therefore  12000  will  require, 

4000  :  12000  : :  6  :   18  daya'  work. 

Bat  there  are  only  3  days  to  do  the  18  days  work  in ;  therefore  the  number  of  men  must  be  V  =  6 
men.    Ans. 

A  moment's  reflection  will  snffloe  to  reduce  any  ease  of  doable  rnle  of  three  to  this  simple  form. 

Ratio. 

BatUt.  Simple  ratio  Is  a  number  denoting  how  often  one  quantity  is  oontained  in  another.  Thua, 
the  ratio  of  5  to  10  is  JL,  or  1 ;  and  the  ratio  of  10  to  5  is  l^>,  or  2.  When,  of  four  numbers,  two 
have  to  each  other  the  same  ratio  that  the  other  two  have,  the  numbers  are  said  to  be  in  proportion 
to  each  other.  Thus,  6  has  the  same  ratio  (2)  to  8,  as  100  has  to  50 ;  therefore,  6,  3,  100,  and  50,  are 
aaid  to  be  In  proportion :  or,  as  6  :  8  ::  100  :  50.  In  other  words,  an  equality  of  ratio*  Is  called  pro- 
portion. Ratio  and  proportion  are  often  confounded  with  one  another ;  bat  the  error  is  one  or  no 
Importance.    DupUcat*  ratio  is  that  of  the  *quar**  of  numbers. 
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Arithmetical  Progression, 

In  a  series  of  nnmbort,  is  a  progressive  increase  or  decrease  In  eaoh  successive  number,  by  the  addi- 
tion or  subtraction  of  (be  «ami»  amnnnt  at  each  step :  an  In  1.  2.  S.  4.  5.  Ae..  in  which  1  Is  aided  at 
each  step ;  or  10,  8,  6.  4,  Ac.  in  which  2  in  subtracted  at  eaeh  step;  or  )j.  H.  H,  1.  \\i  Ae.  In  any 
•ach  series  the  numbers  are  called  its  terms ,-  and  the  equal  Increase  or  decrease  at  each  step  Its  ceas- 
mon  difference. 

Tn  find  the  com  diff,  knowing  the  first  and  last  terms ;  and  the  number  of  terms.  Find  the  dlff 
between  the  first  and  last  terms.  From  the  number  of  terms  subtract  1.  Dlv  the  diff  Just  found,  by 
the  rem. 

To  find  the  latt  term,  knowing  the  first  term ;  the  com  diff;  and  the  number  of  terms.  From  the 
number  of  terms  take  1.    Mult  the  rem  by  the  com  diff.    To  the  prod  add  the  first  term. 

To  find  the  number  of  term;  having  the  first  and  last  ones ;  aud  the  oooi  diff.  Take  the  dUT 
between  tbe  first  and  last  terms.    Div  this  diff  by  the  com  diff.    To  the  quot  add  1. 

To  find  the  turn  of  all  the  term*,  having  the  first  and  last  ones:  and  the  uuniber  of  terms.  Add 
together  the  first  aud  last  terms.   Div  their  sum  by  2.  Mult  the  quot  by  the  number  of  terms. 

Geometrical  Progression, 

In  a  series  of  numbers.  Is  a  progressive  increase  or  decrease  In  each  successive  number,  by  the  same 
multiplier  or  divisor  at  each  step ;  as  3, 9. 27.  81,  Ac,  where  each  succeeding  term  is  increased  by  mult 
the  preceding  one  by  3.  Or  48,  24.  12,  6,  Ac,  or  27.  l'.l*4,  6J$.  &H.  Ac.  where  each  succeeding  term  ia 
found  by  dividing  the  preceding  one  by  2.  The  multiplier  or  divisor  is  oalled  the  common  ratio  of  the 
aeries,  or  progression. 

to  find  the  laet  term,  knowing  the  first  one;  the  ratio;  and  tbe  number  of  terms.  Balsa  the  ratio 
to  a  power  1  less  than  tbe  number  of  terms.    Mult  this  power  by  the  first  term. 

Ex.  First  term  10 ;  ratio  3 ;  number  of  terms  8 ;  what  is  the  last  term  ?  Here  the  number  of  terms 
being  8,  tbe  ratio  3  must  be  raised  to  the  7th  power ;  thus : 

3X3X3X3X3X3X3  =  2187,  =  7tb  power.    And  2187  X  10  =  21870  last  term.   Ans. 

A  man  agreed  to  buy  8  fine  horses :  paying  $10  for  the  first ;  $30  for  the  second ;  $90  for  the  third, 
Ac:  bow  muoh  will  tbe  last  one  cost  him?    Ans,  $21870,  as  before. 

To  find  the  turn  of  all  the  terme,  knowing  the  first  one ;  the  ratio ;  and  tbe  number  of  terms.  Raise 
the  ratio  to  a  power  equal  to  the  whole  number  of  terms.  From  this  power  subtract  1.  Dlv  the  rem 
by  1  less  than  the  ratio.    Mult  the  quot  by  the  first  term. 

Ex.  As  before.  What  is  tbe  sum  of  all  the  terms?  Here  the  ratio  must  be  raised  to  the  8th 
power ;  thus,  3XSX3X3X3X3X3X  3  =  6561  =  8th  now.  And  6560  div  by  1  leas  than  the  ratio 

6560 
3,  =  -—  =  3280.    And  3280  X  10  (or  number  of  terms)  =  32800  =  sum.  Ans. 

In  the  foregoing  case,  the  8  horses  would  cost  $32800. 

Permutation 

Shows  in  how  many  positions  any  number  of  things  can  be  arranged  in  a  row.  To  do  this,  mult 
together  all  tbe  numbers  used  in  oounting  the  things.  Tbua,  in  how  many  positions  in  a  row  can  9 
things  be  placed  T    Here, 

1X2X3X4X5X6X7X8X9  =  362880  positions.   Ans. 

Combination 

8hows  how  many  combinations  of  a  few  things  can  be  made  out  of  a  greater  number  of  things.  To 
do  this,  first  set  down  that  number  which  Indicates  the  greater  number  of  things;  and  after  It  a  series 
of  numbers,  diminishing  by  1,  until  there  are  in  all  ns  many  as  the  number  of  the  few  things  that 
are  to  form  each  combination.  Then  beginning  under  the  last  one,  set  down  said  number  of  few 
things  ;  and  going  backward,  set  down  another  series,  also  diminishing  by  1,  until  arriving  under  the 
first  of  the  upper  numbers.  Mult  together  all  the  upper  numbers  to  form  one  prod ;  and  all  the  lower 
ones  to  form  another.     Dlv  the  upper  prod  by  the  lower  one. 

Ex.  How  many  combinations  of  4  figures  each,  can  be  made  from  the  9  flgs  1,  2,  8,  4,  5,  6,  7,  8,  9; 
or  from  9  any  things  ? 

9X8X7X6       3024 

. • — -  =  — —  =  126  combinations.    Ans. 

1X2X3X4        24 

Alligation 

Shows  the  value  of  a  mixture  of  different  ingredients,  when  the  quantity  and  value  of  each  of  these 
last  is  known. 

Ex.  What  is  the  value  of  a  pound  of  a  mixture  of  20  lbs  of  sugar  worth  15  eta  per  lb ;  with  30  lbs 
worth  25  cts  per  lb  ? 

lbs.    cts.    cts 

SO  X  25  =  750  Therefore.  ~  =  21  cts.  Ans. 

50  Vbs.     1050  ots. 
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Equation  of  Payments. 

A  owes  B  $1200;  of  which  $400  are  to  be  paid  in  3  months :  $500  in  4  months;  and  $300 In  6 
months ;  all  bearing  interest  until  paid :  but  it  has  been  agreed  to  pay  all  at  one*.  Now,  at  what  time 
moat  this  payment  be  made  so  that  neither  party  shall  lose  any  interest? 

$         months. 

400     X      S     =     1200  mw      #         5000       J14    .  t.         h 

500     X     4     =     2000  Therefore,    -—  =  4.16,  Ac,  months.    Am. 

800     X     6     =     1800  ia" 

1200  5000 

A  owes  B  $1000  to  be  paid  in  12  days ;  and  $500  to  be  paid  in  3  months.  What  would  be  the  time 
tor  paying  all  at  once  ? 

$  days. 

1000    X     12    =      12000  _.       ,        W°00__ 

500    X    90   =     45000  Therefore,  j^  =  38  daya.  Am. 

1500  57000 

Simple  Interest. 

What  is  the  simple  interest  on  $865.32       for  one  year,  at  6  per  ct  per  annum  ? 

Principal.       Interest.         Principal.  Interest. 

$100       :       $6       ::       $865.32       :       $51.9192 

6 

$ets.  nM 

100)5191.92(51.9192  Ans.  =  51.91-^^ 

What  Is  the  Interest  on  $865.32       for  1  year,  3  months,  and  10  days,  at  7  per  cent  per  annum T 

First  calculate  the  interest  for  1  year  only ;  thus : 

Prin.  Int.  Prin.  Int. 

$100      :       $7       ::       $865.32      :       $60.5724 

7 

100)6057.24(60.5724 

Then  say,  If  1  year  or  365  days  give  $60.5724  int,  what  will  465  days  give?  or 

Davs.  Int.  Days.  Int. 

365       :       $60.5724       : :       465        :        $77.16,  Ac.  Ans. 

At  5  per  ct  simple  interest,  money  doubles  itself  in  20  years;  at  6  per  ct,  in  16%  years;  and  at  7 

per  ct,  in  14 £  years.   Simple  Interest  is  Single  Kule  of  Three. 

Compound  Interest. 

When  money  is  borrowed  for  more  than  a  year  at  compound  interest,  find  the  simple  interest  at  the 
end  of  the  first  year,  and  add  It  to  the  principal,  for  a  second  principal.  Find  the  simple  interest  on 
this  second  enlarged  principal  for  the  next  year,  and  add  it  to  the  enlarged  principal  for  a  third  prin- 
cipal ;  and  so  on  for  each  successive  year.  . 

At  5  per  ct  compound  interest,  money  doubles  itself  in  about  14y  years ;  at  6  per  ct,  in  about  11.9 
yean;  and  at  7  per  ct,  in  about  10J4  years. 

Discount 

Is  a  deduction  of  a  part  of  the  interest,  when  money  at  interest  Is  paid  before  it  is  due.  Or  it  is  a 
deduction  of  the  whole  of  the  interest  in  advance,  at  the  time  the  money  is  lent.  In  the  first  case,  if 
I  borrow  $100  for  I  year  at  8  per  ct.  I  must  at  the  end  of  the  year  pay  back  $108 ;  but  if  I  pay  at  the 
end  of  3  months,  I  must  add  only  $2,  or  the  interest  for  those  3  months,  payiug  back  $102 ;  and  the 
din*  of  $6  is  the  discount.  Therefore,  to  find  the  discount  in  such  oases,  first  find  the  interest  for 
tne  full  time;  then  that  for  the  Bhort  time;  and  take  the  diff. 

In  the  second  Case,  if  I  borrow  $100  from  a  bank  for  one  year,  at  6  per  ot.  I  receive  but  100—6=  $94 ; 
but  at  the  end  of  the  year  I  must  pay  back  $100.    By  discounting  iu  this  manner,  the  bank  actually 

Sains  more  than  6  per  ct ;  for  it  gains  $6  for  the  use  of  $94  for  1  year.  In  the  United  States,  the  banks 
eduet  discount  for  3  da.vs  more  than  the  time  stipulated   in  the  uote;  these  are  called  "days  of 
grace."    The  borrower  is  uot  obliged  to  pay  before  the  last  of  these  3  days. 

Commission,  or  Brokerage, 

Is  a  percentage  (or  no  muoh  per  each  $100)  paid  to  commission  merchants  for  selling  our  goods ;  or 
to  brokers,  or  other  kinds  of  agents,  for  transacting  business  for  us.     It  is  Single  Rule  of  Three. 

Ex.  If  a  broker  makes  purchases  for  me  to  the  amount  of  $9362,  at  2  per  ct,  what  is  his  brokerage  ? 
Say,  as 

Purchase.    Brokerage.      Purchase.        Brokerage. 
$100       :       $2       :  :        $9362       :        $187.24 

Insurance 

I«  a  percentage  (called  a  premium)  paid  to  a  company  for  insuring  oar  property  against  Are,  4c. 
The  company,  or  insurers,  (called  also  underwriters,)  deliver  to  the  person  insured,  a  paper  bearing 
their  seal,  Ac,  and  called  the  Policy  of  Inturance :  which  contains  the  conditions  of  the  transaction. 
Insurance  is  oaleulated  like  Commissions,  Ac. ;  being  merely  Single  Bule  of  Three. 

Fellowship. 

A  puts  $6000  into  a  business  In  partnership  with  B,  won  puts  In  $9000.  At  the  end  of  a  year  they 
hara  made  $2400 ;  how  much  is  each  one's  share  ?  Here,  $6030  •+■  $9000= $15000  Joint  capital ;  tlieu  say, 

Joint  cap.        Total  gain.  A'ncap.  A 's  share. 

$15000       :        $2400  $6000        :         $960 

B's  crip.  B's  share. 

▲Bd  $15000       t        $2400  C?000  $1440 
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41664 

41830 

41995 

42160 

42324 

4248  s 

42651 

42813 

42975 

164 

27 

43136 

43296 

43156 

43616 

43775 

43933 

44090 

44248 

44404 

44560 

158 

28 

44716 

44870 

45024 

45178 

45331 

45484 

45636 

45788 

45939 

46089 

153 

29 

46240 

46339 

46538 

46686 

46334 

46982 

47129 

47275 

47421 

47567 

148 

80 

47712 

47856 

48000 

48144 

48287 

48430 

48572 

48713 

48865 

48995 

143 

31 

49186 

49276 

49415 

49554 

49693 

49831 

49968 

50106 

60242 

60879 

138 

32 

50515 

50650 

60785 

50920 

51054 

61188 

61321 

51454 

61587 

61719 

134 

33 

51851 

51982 

62113 

52244 

52374 

62504 

62633 

62763 

62891 

63020 

130 

34 

53148 

53275 

53402 

53529 

53655 

53781 

53907 

54033 

54157 

64282 

126 

36 

54407 

64530 

54654 

64777 

54900 

65022 

56146 

55266 

66388 

65609 

122 

36 

55630 

65750 

55870 

55990 

56110 

66229 

66348 

66466 

56584 

66702 

119 

37 

56S20 

56937 

57054 

57170 

57287 

57408 

67516 

67634 

57749 

67863 

116 

38 

67978 

58092 

58206 

58319 

58433 

58546 

68658 

68771 

68883 

68996 

US 

39 

59106 

59217 

59328 

59439 

69549 

69659 

69769 

69879 

69988 

60097 

110 

40 

60296 

60314 

60422 

60530 

60638 

60745 

60852 

60959 

61066 

61172 

107 

41 

61278 

61384 

61489 

61595 

61700 

61804 

61909 

62013 

62118 

62221 

104 

42 

62325 

62428 

62531 

62634 

62736 

62838 

62941 

63042 

63144 

63245 

102 

43 

63347 

63447 

63548 

63648 

63749 

63848 

63948 

64048 

64147 

64246 

99 

44 

64346 

64443 

64542 

64640 

64738 

64836 

64933 

65030 

65127 

65224 

98 

46 

65321 

65417 

65513 

65609 

65705 

65801 

65896 

66991 

66086 

66181 

96 

46 

66276 

66370 

66464 

66558 

66651 

66745 

66838 

66931 

67024 

67117 

94 

47 

67210 

67302 

67394 

67486 

67677 

67669 

67760 

67861 

67942 

68033 

92 

48 

68124 

68214 

68304 

68394 

68484 

68674 

68663 

68752 

68842 

68930 

90 

49 

69020 

69108 

69196 

69284 

69372 

69460 

69548 

69635 

69722 

69810 

88 

60 

69897 

69983 

70070 

70156 

70243 

70329 

70416 

70600 

70686 

70671 

86 

61 

70757 

70842 

70927 

71011 

71096 

71180 

71265 

71349 

71433 

71516 

84 

52 

71600 

71683 

71767 

71860 

71983 

72016 

72098 

72181 

72263 

72345 

82 

63 

72428 

72509 

72591 

72672 

72764 

72836 

72916 

72997 

73078 

73168 

81 

64 

73239 

73319 

73399 

73480 

73559 

73639 

73719 

73798 

73878 

73967 

80 

56 

74036 

74115 

74193 

74272 

74351 

74429 

74607 

74686 

74668 

74741 

78 

66 

74818 

74896 

74973 

75050 

75127 

75204 

75281 

75358 

76434 

75511 

n 

67 

76587 

75663 

76739 

75815 

75891 

75966 

76042 

76117 

76192 

76267 

76 

68 

76342 

76417 

76492 

76566 

76641 

76716 

76789 

76863 

76937 

77011 

74 

69 

77085 

77158 

77232 

77305 

77378 

77451 

77524 

77597 

77670 

77742 

73 

60 

77815 

77887 

TT969 

78031 

78103 

78176 

78247 

78318 

78390 

78461 

72 

61 

78583 

78604 

78675 

78746 

78816 

78887 

78968 

79028 

79098 

79169 

Tl 

62 

79239 

79309 

79379 

79448 

79518 

79588 

79657 

79726 

79796 

79865 

70 

63 

79934 

80002 

80071 

80140 

80208 

80277 

80345 

80413 

80482 

80560 

60 

64 

80618 

80686 

80753 

80821 

80888 

80956 

81023 

81090 

81157 

81224 

68 

66 

81291 

81358 

81424 

81491 

81667 

81624 

81690 

81766 

81822 

81888 

67 

♦Each  log  is  supposed  to  have  the  decimal  sign  .  before  it. 


TABLE   OF   LOGARITHMS. 
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Logarithms  of  Numbers, 

from  0  to  1000*— (Continued.) 

No. 

0 

1 

8 

3 

4 

5 

e 

7 

8 

9 

Prop. 

66 

81964 

82020 

82085 

82151 

82216 

82282 

82347 

82412 

82477 

82542 

66 

67 

82607 

82672 

82738 

82801 

82866 

82930 

82994 

83058 

83123 

83187 

66 

68 

83260 

83314 

83378 

83442 

83505 

83569 

83632 

83695 

83758 

83821 

64 

69 

83884 

83947 

84010 

84073 

84136 

84198 

84260 

84323 

84385 

84447 

63 

70 

84609 

84671 

84633 

84696 

84757 

84818 

84880 

84941 

85003 

85064 

62 

71 

86126 

85187 

86248 

85309 

85369 

86430 

85491 

86561 

86612 

85672 

61 

72 

86733 

86793 

86853 

86913 

85973 

86033 

86093 

86163 

86218 

86272 

60 

73 

86332 

86891 

86461 

86610 

86569 

86628 

86687 

86746 

86806 

86864 

50 

74 

86923 

86981 

87040 

87098 

87157 

87215 

87273 

87332 

87390 

87448 

58 

76 

87506 

87564 

87621 

87679 

87737 

87794 

87862 

87909 

87966 

8*024 

67 

76 

88081 

88138 

88196 

88262 

88309 

88366. 

88422 

88479 

88636 

88592 

66 

77 

88649 

88705 

88761 

88818 

88874 

88930 

88986 

89042 

89098 

89153 

66 

78 

89209 

89265 

89320 

89376 

89431 

89487 

89542 

89597 

89662 

89707 

56 

79 

89762 

89817 

89872 

89927 

89982 

90036 

90091 

90146 

90200 

90264 

54 

80 

90309 

90363 

90417 

90471 

90525 

90579 

90633 

90687 

90741 

90794 

64 

81 

90848 

90902 

90965 

91009 

91062 

91115 

91169 

91222 

91275 

91328 

53 

82 

91381 

91434 

91487 

91540 

91592 

91645 

91698 

91750 

91803 

91865 

63 

83 

91907 

91960 

92012 

92064 

9-2116 

92168 

92220 

92272 

92324 

02376 

62 

84 

92427 

92479 

92631 

92582 

92634 

92685 

92737 

92788 

92839 

92890 

61 

86 

92941 

92993 

93044 

93095 

93146 

93196 

93247 

93298 

93348 

93399 

51 

86 

93449 

93600 

93550 

93601 

93651 

93701 

93751 

93802 

93852 

93902 

60 

87 

93961 

94001 

94051 

94101 

94151 

94200 

94250 

94300 

94349 

94398 

40 

88 

94448 

94497 

94646 

94596 

94646 

94694 

-94743 

94792 

94841 

94890 

40 

89 

94939 

94987 

96036 

95085 

96133 

95182 

95230 

95279 

95327 

95376 

48 

90 

95424 

96472 

95520 

95568 

95616 

95664 

95712 

96760 

9580S 

95866 

48 

91 

96904 

96951 

95999 

96047 

96094 

96142 

96189 

96236 

96284 

96331 

48 

92 

96378 

964-26 

96473 

96520 

96567 

96614 

96661 

96708 

96754 

96801 

47 

93 

96848 

96896 

96941 

96988 

97034 

97081 

97127 

97174 

97220 

97266 

47 

04 

97312 

97359 

97405 

97451 

97497 

97643 

97589 

97635 

97680 

97726 

46 

06 

97772 

97818 

97863 

97909 

97954 

98000 

98045 

98091 

98136 

98181 

46 

96 

98227 

98272 

98317 

98362 

98407 

98452 

98497 

98542 

98587 

9F632 

46 

97 

98677 

98721 

98766 

98811 

98855 

98900 

98946 

9>9S9 

99033 

99078 

46 

98 

99122 

99166 

99211 

99265 

99299 

99343 

993S7 

99431 

99476 

99519 

44 

00 

99663 

99607 

99651 

99694 

99736 

99782 

99825 

99869 

99913 

99966 

44 

♦  Each  log  is  supposed  to  have  the  decimal  sign  .  before  it. 


The  log  of  2870  is  3.45788 
"  "  "  287  is  2.45788 
"  "  "  28.7  is  1.45788 
"     «    "  2.87  is  0.45788 


The  log  of  .287  is 
"  "  "  .028  is 
«  "  "  .002  is 
"     "    "  .0002  is 


1.45788 
2.44716 
3.30103 
4.30103 


What  is  the  log  of  2873  ? 

Here,  log  of  2870  =  3.45788 
And  prop  153  X  3  =         469 

3.458339 

To  find  roots  divide  the  log  (with  its  index)  of  the  given  number,  by  that 
number  which  expresses  tbe  kind  of  root.    The  quotient  will  be  the  log  of  the  reqaired  root. 
Example.    What  is  the  cube  root  of  2870  ? 

Here,  the  log  or  2870,  with  its  Index,  is  3.45788.     And  --^  -  =  1.16868.    Hence  the  cube  root  is  14.3, 

The  Hyperbolic*  or  Napierian  logarithm  is  the  common  log  of 
the  uble  multiplied  by  2.3015851. 


4U  SQL' A  RE  AND  CUBE   30OT9. 

ftqanre  Roots  and  Cub*  HooH  of  Numbers  from  .1  to  M. 
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TABLE  of  Squares,  Cubes,  Sgnare  Roots,  and  Cube  Boots, 

of  Number*  front  1  to  1000. 

Remark  oj*  th«  following  Tabls.     Wherever  the  effect  of  a  firth  decimal  iu  the  roots  would  be  te 
add  1  to  the  fourth  and  final  deolmal  in  the  table,  the  addition  ban  been  made.  No  errors. 


No. 

Square. 

Cube. 

8q.  B-t. 

O.B-t. 

Wo. 

Square. 

Cube. 

8q.  Kt. 

C.Bt. 

1 

1 

l 

1.0000 

1.0000 

61 

8721 

226981 

7.8102 

3.9365 

2 

4 

8 

1.4142 

1.2599 

62 

8844 

238328 

7.8740 

3.0579 

9 

9 

27 

1.7321 

1.4422 

63 

3969 

260047 

7.9373 

8.9791 

4 

16 

64 

2.0000 

1.6874 

64 

4096 

262144 

8.0000 

4. 

6 

25 

125 

2.2361 

1.7100 

65 

4225 

274625 

8.0623 

4.0207 

6 

36 

216 

2.4495 

1.8171 

66 

4356 

287496 

8.1240 

4.0412 

7 

49 

343 

2.6468 

1.9129 

67 

4489 

300763 

8.1854 

4.0615 

8 

64 

512 

2.8284 

2.0000 

68 

4624 

314432 

8.2462 

4.0017 

9 

81 

729 

3.0000 

2.0801 

69 

4761 

328509 

8.3066 

4.1016 

10 

100 

1000 

3.1623 

2.1644 

70 

4900 

343000 

8.3666 

4.1213 

11 

121 

1331 

3.3166 

2.2240 

71 

5041 

357911 

8.4261 

4.1408 

IS 

144 

1728 

3.4641 

2.2834 

72 

6184 

373248 

8.4853 

4.1602 

IS 

163 

2197 

3.6056 

2.3513 

73 

6329 

389017 

8.5440 

4.1793 

14 

196 

2744 

3.7417 

2.4101 

74 

6476 

405224 

8.0023 

4.1983 

15 

225 

8375 

3.8730 

2.4662 

75 

6625 

421875 

8.G603 

4.2172 

16 

236 

4096 

4.0000 

2.5198 

76 

6776 

438976 

8.7178 

4.2358 

17 

289 

49U 

4.1231 

2.5713 

77 

5929 

456533 

8.7750 

4.254S 

18 

824 

5832 

4.2426 

2.6207 

78 

6084 

474552 

8.8J18 

4.2727 

19 

361 

6859 

4.3589 

2.6684 

79 

6241 

493039 

8.8882 

4.2908 

20 

400 

8000 

4.4721 

2.7144 

80 

6400 

612000 

8.9443 

4.3089 

21 

441 

9261 

4.5826 

2.7589 

81 

6561 

631441 

9. 

4.3267 

22 

484 

10648 

4.6904 

2.8020 

82 

6724 

551363 

9.0554 

4.3446 

23 

529 

12167 

4.7958 

2.8439 

83 

6889 

671V87 

9.1104 

4.3621 

24 

576 

13824 

4.8990 

2.8845 

84 

7056 

592701 

9.1652 

4.3795 

25 

625 

15625 

5.0000 

2.9240 

85 

7225 

614125 

9.2195 

4.3968 

28 

676 

17576 

5.0990 

2.9625 

86 

7396 

636056 

9.2736 

4.4140 

27 

729 

19683 

5.1962 

8.0000 

87 

7569 

658503 

9.3274 

4.4310 

» 

784 

21952 

5.2915 

3.0366 

88 

7744 

681472 

9.3808 

4.4480 

29 

841 

24389 

5.3852 

3.0723 

83 

7921 

701909 

9.4340 

4.4647 

SO 

900 

27000 

5.4772 

3.1072 

90 

8100 

729000 

9.4868 

4.4814 

81 

981 

29791 

5.5678 

3.1414 

91 

8281 

753571 

9.5394 

4.4979 

82 

1024 

82768 

6.6569 

8.1748 

92 

8464 

778688 

9.5917 

4.5144 

» 

1089 

85937 

5.7446 

3.2075 

93 

8649 

804357 

9.6437 

4.5307 

84 

1156 

89304 

6.8310 

3.2396 

94 

8836 

830584 

9.6954 

4.5468 

86 

1225 

42875 

6.9161 

8.2711 

95 

9025 

857375 

9.7468 

4.5629 

86 

1298 

46656 

6.0000 

8.3019 

96 

9216 

884736 

9.7980 

4.5789 

87 

1369 

60658 

6.0828 

3.3322 

97 

9409 

912673 

9.8489 

4.5947 

88 

1444 

54872 

6.1644 

8.3620 

98 

9604 

941192 

9.8995 

4.0104 

89 

1521 

59319   . 

6.2460 

3.3912 

99 

9801 

970299 

9.9493 

4.G2CI 

40 

1600 

64000 

6.3246 

8.4200 

100 

10000 

1000000 

10. 

4.G416 

41 

1681 

68921 

6.4031 

3.4482 

101 

10201 

1030301 

10.0199 

4.6570 

42 

1764 

74088 

6.4807 

3.4760 

102 

10104 

1061208 

10.0395 

4.G723 

48 

1849 

79507 

6.6574 

8.5034 

103 

10609 

1092727 

10.1489 

4.6875 

44 

1986 

85184 

6.6332 

3.5303 

104 

10816 

1124864 

10.1980 

4.7027 

46 

2025 

91125 

6.7082 

8.5569 

105 

11025 

1157625 

10.2470 

4.7177 

46 

2116 

97336 

6.7823 

3.5830 

108 

11236 

1191016 

10.2956 

4.7326 

47 

2209 

103823 

6.8557 

3.6088 

107 

11449 

1225043 

10.3441 

4.7475 

48 

2304 

110592 

6.9282 

8.6342 

108 

11664 

1259712 

10.3923 

4.7622 

49 

2401 

117649 

7.0000 

3.6593 

109 

11881 

1295029 

10.4103 

4.7769 

60 

2500 

125000 

7.0711 

8.6840 

110 

12100 

1331000 

10.4881 

4.7914 

61 

2601 

132651 

7.1414 

3.7084 

111 

12321 

1367631 

10.5357 

4.8059 

62 

2704 

140608 

7.2111 

3.7325 

112 

12544 

1404928 

10.5830 

4.8203 

68 

2809 

148877 

7.2801 

8.7563 

113 

12769 

1442897 

10.6301 

4.8346 

64 

2916 

157464 

7.3485 

8.7798 

114 

12996 

1481544 

10.6771 

4.8488 

65 

8025 

166376 

7.4162 

8.8030 

115 

13225 

1520875 

10.7238 

4.8629 

66 

8136 

175616 

7.4833 

3.8259 

116 

13456 

louUHHO 

10.7703 

4.8770 

67. 

8249 

185198 

7.6498 

8.8485 

117 

13689 

1601613 

10.8167 

4.8910 

66 

8364 

195112 

7.6158 

8.8709 

118 

18924 

1643032 

10.8628 

4.9049 

69 

8481 

206879 

7.6811 

8.8930 

119 

14161 

1685169 

10.9087 

4.9187 

60 

•600 

216009 

7.7460 

S.9149 

120 

14400 

1728000 

10.9545 

4.9324 

42 
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TABLE  of  Squares,  Cubes,  Square  Roots,  and  Cube  Roots. 
orNnmben  from  1  to  1000— (Continued.) 


No. 

Square. 

Cube. 

Sq.  Kt. 

C.£t. 

No. 

Square. 

Cube. 

8q.  St. 

o.  nt. 

121 

14641 

1771561 

11. 

4.9461 

186 

84596 

6434856 

13.6382 

6.7083 

in 

14884 

1815848 

11.0454 

4.9597 

187 

84969 

6539203 

18.6748 

6.718ft 

128 

15129 

1860867 

11.0905 

4.9732 

188 

86344 

6644672 

13.7118 

6.7287 

134 

15376 

1906624 

11.1355 

4.9866 

189 

35721 

6751269 

18.7477 

6.7S88 

125 

15625 

1958125 

11.1803 

6. 

190 

86100 

6659000 

13.7840 

6.7489 

126 

15876 

2000376 

11.2250 

6.0133 

191 

86481 

6967871 

18.8*03 

5.7690 

127 

16129 

2048383 

11.2694 

6.0265 

192 

86864 

7077888 

13.8564 

6.7690 

128 

16384 

2097152 

11.3137 

6.0397 

193 

87249 

7189057 

13.8924 

6.7790 

129 

16641 

2146689 

11.3578 

6.0528 

194 

S7636 

7301384 

18.9284 

6.7890 

130 

16900 

2197000 

11.4018 

6.0658 

196 

88025 

7414875 

13.9642 

6.7989 

131 

17161 

2248091 

11.4455 

6.0788 

198 

88416 

7529536 

14. 

6.8088 

132 

17424 

2299968 

11.4891 

5.0916 

197 

88809 

7645373 

14.0357 

6.8186 

133 

17689 

2352637 

11.5326 

5.1045 

198 

89204 

7762392 

14.0712 

5.8285 

134 

17956 

2406104 

11.5758 

5.1172 

199 

89601 

7880599 

14.1067 

6.8883 

135 

18225 

2460375 

11.6190 

6.1299 

200 

40000 

8000000 

14.1421 

6.8480 

136 

18496 

2515456 

11.6619 

5.1426 

201 

40401 

8120601 

14.1774 

6.8678 

137 

18769 

2571353 

11.7017 

5.1551 

202 

40804 

8242408 

14.2127 

6.8675 

138 

19044 

2628072 

11.7478 

6.1676 

203 

41209 

8365427 

14.2478 

6.8771 

139 

19321 

2685619 

11.7898 

6.1801 

204 

41616 

8489664 

14.2829 

6.8868 

140 

19600 

2744000 

11.8322 

5.1925 

205 

42025 

8615125 

14.3178 

6.8964 

141 

19881 

2803221 

11.8743 

5.2048 

206 

42486 

8741816 

14.3527 

6.9059 

142 

20164 

2863288 

11.9164 

5.2171 

207 

42849 

8869743 

14.3875 

5.9155 

143 

20449 

2924207 

11.9583 

5.2293 

208 

43264 

8998912 

14.4222 

6.9250 

144 

20736 

2985984 

11 

5.2415 

209 

43681 

9129329 

14.4568 

6.9345 

146 

21025 

3048625 

12.0416 

5.2536 

210 

44100 

9261000 

14.4914 

6.9439 

146 

21316 

3112136 

12.0830 

6.2656 

211 

44521 

9393981 

14.5258 

6.9538 

147 

21609 

3176523 

12.1244 

6.2776 

212 

44944 

9528128 

14.5602 

6.9627 

148 

21901 

3241792 

12.1655 

5.2896 

213 

45369 

9663597 

14.5945 

6.9721 

149 

22201 

3307949 

12.2066 

6.3015 

214 

45796 

9800344 

14.6287 

6.9814 

150 

22500 

3375000 

12.2474 

6.3133 

215 

46225 

9938375 

14.6629 

6.9907 

151 

22801 

8442951 

12.2882 

6.3251 

216 

46656 

10077696 

14.6989 

6. 

152 

23104 

3511808 

12.3288 

5.3368 

217 

47089 

10218313 

14.7309 

6.0092 

153 

23409 

3581577 

12.3693 

6.3485 

218 

47524 

10360232 

14.7648 

6.0186 

154 

23716 

3652264 

12.4097 

6.3601 

219 

47961 

10503459 

14.7986 

6.0277 

155 

24025 

8723875 

12.4499 

6.3717 

220 

48400 

10648000 

14.8324 

6.0368 

156 

24336 

3796416 

12.4900 

6.3832 

221 

46841 

10793861 

14.866* 

6.0459 

157 

24649 

3869893 

12.5300 

5.3947 

222 

49284 

10941048 

14.8997 

6.0550 

158 

24964 

3944312 

12.5698 

5.4061 

223 

49729 

11089567 

14.9382 

6.0641 

159 

25281 

4019679 

12.6095 

5.4175 

224 

60176 

11239424 

14.9666 

6.0732 

160 

25600 

4096000 

12.6491 

6.4288 

225 

60625 

11390625 

15. 

6.0822 

161 

25921 

4173281 

12.6886 

5.4401 

226 

51076 

11543176 

15.0333 

6.0912 

162 

26244 

4251528 

12.7279 

6.4514 

227 

51529 

11697063 

15.0665 

6.1002 

163 

26569 

4330747 

12.7671 

5.4626 

228 

51984 

11852352 

15.0997 

6.1091 

164 

26896 

4410944 

12.8062 

5.4737 

229 

52441 

12008989 

15.1327 

6.1180 

165 

27225 

4492125 

12.8452 

5.4848 

230 

62900 

12167000 

16.1658 

6.1269 

166 

27556 

4574296 

12.8841 

5.4959 

231 

63361 

12326891 

15.1987 

6.1358 

167 

27889 

4657463 

12.9228 

5.5069 

232 

63824 

12487168 

15.2815 

6.1446 

168 

28224 

4741632 

12.9615 

5.5178 

233 

54289 

12649S37 

15.2643 

6.1534 

169 

28561 

4826809 

13. 

5.5288 

234 

54756 

12812904 

15.29T1 

6.1622 

170 

28900 

4913000 

13.0384 

5.5397 

235 

55225 

12977875 

15.3297 

6.1710 

171 

29241 

5000211 

13.0767 

5.5505 

236 

55696 

13144256 

15.3623 

6.1797 

172 

29584 

5088448 

13.1149 

5.5613 

237 

56169 

13312053 

15.3948 

6.1885 

173 

29929 

6177717 

13.1529 

5.5721 

238 

56644 

13481272 

15.4272 

6.1972 

174 

30276 

5268024 

13.1909 

5.5828 

239 

57121 

13651919 

15.4596 

6.2058 

175 

30625 

5359375 

13.2288 

5.5934 

240 

6760C 

13824000 

15.4919 

6.2145 

176 

80976 

5451776 

13.2665 

5.6041 

241 

58081 

13997521 

15.5242 

6.2231 

177 
178 

31329 

31684 

5545233 

13.3041 

5.6147 

242 

68564 

14172488 

16.5568 

6.2317 

5639752 

13.3417 

5.6252 

243 

59049 

14348907 

15.5885 

6.2406 

179 

82041 

5735339 

13.3791 

5.6357 

244 

59536 

14526784 

15.6206 

6.2486 

180 

82400 

6832000 

13.4164 

5.6462 

245 

60025 

14706125 

15.6525 

6.2573 

181 

32761 

5929741 

13.4536 

5.6567 

246 

60516 

14886986 

15.6844 

6.2656 

182 

33124 

6028568 

13.4907 

5.6671 

IS 

61009 

15069223 

15.7162 

12748 

183 

33489 

6128487 

13.5277 

5.6774 

61504 

15252992 

15.7480 

6.2828 
6.2M2 

184 

33856 

6229504 

13.5647 

5.6877 

249 

62001 

15438249 

16.7797 

185 

84225 

6331625 

13.6015 

5.6980 

260 

1   62500 

15625000 

15.8114 

6.29N 
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TAlILl!:  of  Squares,  Cubes,  Square  Boots,  anil  Cube  Root*, 
Of  Numbers  from  1  to  1000  — (Continued.) 


Ho. 


951 
152 
•68 
954 
256 


157 

958 


261 


964 
985 


jet 

MM 

veto 

270 

271 
978 
•79 
174 
276 

976 
977 
9T8 
979 


9B1 
998 
988 

984 

285 

988 

987 
988 

00 

991 

993 
993 
99* 
995 


997 
908 
999 
900 

901 

t& 

908 

IS 

909 
119 

ftii 

912 
919 
>U 
816 


Square. 


63001 
83504 
64000 
64516 
65025 

65588 
69049 
66594 
67081 
67600 

68131 
68944 
89169 


70225 

70756 
71S89 
71824 
72961 

72900 

79441 
73984 
74529 
75079 
75625 

76178 
78739 
77284 
77841 
78400 

78991 
79534 
80989 

89656 
81225 

81799 
88999 
82944 
83521 
81100 

84881 
85284 
85849 
89436 
87025 

87916 
88399 
88894 
89401 
90009 

90991 
91204 
91699 
93419 
99025 

93636 
91210 
9188ft 
95441 
96103 


Cube. 


15813251 
16009008 
16194277 
16387064 
16581875 

16777216 
16374593 
17173513 
17378979 
17579000 

17779581 
17984728 
18191447 
18399744 
19909825 

18821099 
19034163 
19248832 
19465109 
19683000 

19902511 
20123648 
20846417 
20570824 
20796875 

21024579 
21253933 
21484952 
21717839 
21952000 

23189041 
22425768 
22695187 
22906304 
23149125 

23383656 
29839903 
23887872 
24137589 
24389000 

24642171 
24897088 
26153787 
25412184 
26672375 

25934339 
26188073 
26193592 
26730899 
27000000 

27270301 
27513308 
27818127 
29094461 
28372625 

28952916 
28334143 
29218112 
29503629 
29791000 

90089281 
30371928 
90994W7 
90959144 
81265976 


8q.  Rt. 


15.8130 
15.8745 
15.9000 
15.9374 
15.9687 

16. 

16.0312 

16.0624 

16.0935 

16.1245 

16.1555 
16.1864 
16.2173 
16.2481 
16.2788 

16.3095 
16.3401 
16.S707 
16.4012 
16.4317 

16.4621 
16.4924 
16.5227 
16.5529 
16.5831 

16.6132 
16.6433 
16.6733 
16.7033 
16.7332 

16.7631 
16.7929 
16.8229 
16.8523 
16.8819 

16.9115 

16.9411 

16.9706 

17. 

17.0294 

17.0587 
17.0680 
17.1172 
17.1464 
17.1756 

17.2017 
17:2337 

17.2627 
17.9916 
17.3205 

17.3494 
17.3781 
17.4060 
17.4356 
17.4642 

17.4929 
17.5214 
17,5499 
17.5784 
17.6088 

17.6352 
17.6636 
17.6918 
17.7209 

17.7482 


O.  Rt 


6.3033 
6.3164 
6.3247 
6.3330 
6.3418 

6.3496 
6.8579 
6.3661 
6.3743 
6.3825 

6.8907 
6.398* 
6.4070 
6.4151 
6.4232 

6.4312 
6.4393 
6.4473 
6.4553 
6.4633 

6.4713 
6.4792 
6.4872 
6.4951 
6.5030 

6.5108 
6.5187 
6.5265 
6.5343 
6.5421 

9.5499 

6.5577 
6.5654 
6.5731 
6.5808 

6.5885 
6.5962 
6.9039 
8.9115 
6.6191 

6.6267 

J.6343 
.6419 
6.6494 
6.6569 

8.6644 

J.6719 
.6794 
8.6869 
8.6943 

6.7018 

6.7092 

6.7168 
6.7240 
6.7313 

6.7387 
6.7460 
8.7533 
6.7606 
6.7679 

6.7752 
6.7*24 
6.7897 
6.7989 
6.8041 


NO. 


316 
917 
318 
319 
320 

321 
322 
323 
324 
325 

326 
327 
328 
329 
330 

331 
332 
333 
934 
335 

336 
937 
398 


340 

341 
342 
343 
344 
345 

346 
347 
848 
349 
350 

351 
352 
353 
354 
355 

356 

357 
358 


Square. 


360 

361 
362 
363 

364 
365 

366 
367 
868 
369 
370 

371 
372 
373 
37 1 
375 

376 
377 
378 
379 
380 


99856 
100489 
101124 
101761 
102400 

103041 
103684 
104329 
104976 
105625 

106276 
106929 
107584 
106241 
106900 

109561 
110224 
110889 
111556 
112225 

112896 
113569 
114244 
114921 
115600 

116281 
116961 
117649 
118336 
119025 

119716 
120400 
12U04 
121801 
122500 

123201 
123904 
124609 
125316 
126025 

126736 
127449 
128164 
128881 
129600 

130321 
131044 
131769 
132488 
133225 

133956 
134689 
135424 
133161 
136900 

137641 
138384 
139129 
139876 
140625 

141376 
142129 
142884 
143841 
144400 


Cube. 


31554498 
31865013 
32157432 
I  32461759 
32768000 

33076161 
33386248 
33698267 
34012224 
34328125 

34645976 
34965783 
35287552 
35611289 
35937000 

36264691 
36594368 

36926037 
37259704 
37595375 

37933056 
38272753 
38614472 
36958219 
39304000 

39651821 
40001688 
40353607 
40707584 
41063625 

41421736 
41781923 
42144192 
42508549 
42875000 

43243551 
43614208 
43986977 
44361864 
44738875 

45118016 
45499293 
45882712 
46268279 
46656000 

47045881 
47437928 
47832147 
48228544 
48627125 

49027896 
49430863 
49836032 
50243409 
50653000 

51064811 
51478848 
51895117 
52313624 
52734375 

53157376 
53582633 
54010152 
54439939 
54872000 


8q.  Rt. 


C.  Rt. 


17.7764 
17.8045 
17.8326 
17.8906 
17.8885 

17.9165 

17.9444 

17.9722 

18. 

18.0278 

18.0556 
18.0831 
18.1108 
18.1384 
18.1659 

18.1934 
18.2209 
18.2483 
18.2757 
18.3030 

18.3303 
18.3576 
18.3848 
18.4120 
18.4391 

18.4662 
18.4932 
18.5203 
18.5472 
18.5742 

18.6011 
18.6279 
18.6548 
18.6815 
18.7083 

18.7350 
18.7617 
18.7883 
18.8149 
18.8414 

18.8680 
18.8944 
18.9209 
18.9473 
18.9737 

19. 

19.0263 

19.0526 

19.0788 

19.1050 

19.1311 
19*.  1572 
19.1833 
19.2094 
19.2334 

19.2614 
19.2873 
19.3132 
19.3391 
19.3649 

19.3907 
19.4165 
19.4422 
19.4679 
19.4938 


6.8113 
6.8185 
6.8256 
6.8928 
6.8899 

8.8470 
6.8541 
8.8612 
6.8883 

6.8753 

6.8824 

6.8894 
6.8964 
6.9094 
6.9104 

6.9174 
6.9244 
6.991S 
6.9389 
6.9451 

8.9621 
6.9589 
6.9658 
6.9727 
6.9796 

6.9894 

6.9932 

7. 

7.0068 

7.0136 

7.0209 
7.0271 
7.0338 
7.0408 
7.0479 

7.0540 
7.0907 
7.0674 
7.0740 
7.0807 

7.0673 
7.0940 
7.1006 
7.1072 
7.1138 

7.1204 
7.1269 
7.1335 

7.140J 
7.1466 


7. 
7. 
7. 


.1531 
.1596 
.1661 
7.1726 
7.1791 


7.1855 
71920 
7.1984 
7.2048 
7.2112 

7.2177 
.2249 
.2304 
.2868 
.2432 
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TABLE  of  Squares,  Cubes,  Square  Boots,  and  Cube  Boots, 
of  If  umbers  from  1  to  1000— (Continued.) 


No. 

Square. 

Cube. 

Sq.  lit. 

C.  Bt. 

No. 

Square. 

Cube. 

Sq.  Bt. 

G.Bt. 

381 

145161 

5530G341 

19.5192 

7.2135 

416 

198916 

88716536 

21.1187 

7.6403 

382 

145924 

55742963 

19.5448 

7.2558 

417 

199809 

89314023 

21.1424 

7.6460 

883 

146689 

53181887 

19.5704 

7.2622 

448 

200704 

89915382 

21.1660 

7.6517 

384 

147456 

56623104 

19.5959 

7.2685 

449 

201601 

90518649 

21.1896 

7.6574 

385 

148225 

67066625 

19.6214 

7.2748 

450 

202500 

91125000 

21.2132 

7.6631 

886 

148996 

57512456 

19.6463 

7.2811 

451 

203401 

91733851 

21.2368 

7.6688 

387 

149769 

57960603 

19.6723 
19.6977 

7.2874 

452 

204304 

92345408 

21.2603 

7.6744 

338 

150544 

58411072 

7.2936 

453 

205209 

929S9677 

21.2838 

7.6801 

389 

151321 

56863869 

19.7231 

7.2099 

454 

206116 

93576664 

21.3078 

7.6857 

390 

152100 

59319000 

19.7484 

7.3061 

455 

207025 

94196375 

21.3307 

7.6914 

391 

152881 

59776471 

19.7737 

7.3124 

456 

207936 

94818816 

21.3642 

7.6970 

332 

153064 

60236288 

151.7933 

7.3186 

457 

206849 

95448993 

21.3776 

7.7026 

393 

154449 

60698457 

19.8242 

7.3248 

45S 

209764 

98071912 

21.4009 

7.7082 

394 

155236 

61162984 

19.8494 

7.3310 

459 

210681 

96702579 

21.4248 

7.7188 

899 

156025 

61629875 

19.8746 

7.3372 

460 

211600 

97336000 

21.4476 

7.7194 

896 

156816 

62099136 

19.8997 

7.8131 

461 

212521 

97972181 

21.4709 

7.7250 

897 

157609 

6SS707T3 

19.9249 

7.3496 

462 

213444 

98611128 

21.4942 

7.7306 

898 

158404 

63044792 

19.9499 

7.3558 

463 

214869 

99252847 

21.5174 

7.7362 

899 

159201 

63521193 

19.9750 

7.3619 

464 

215296 

99897344 

21.5407 

7.7418 

400 

160000 

64000000 

20. 

7.3681 

465 

216225 

100544625 

21.5639 

7.7478 

401 

160801 

64481201 

20J0250 

7.3742 

466 

217156 

101194696 

21.5870 

7.7529 

402 

161604    • 

61964803 

20.0199 

7.3803 

467 

218089 

101847563 

21.6102 

7.7584 

403 

162409 

65450827 

20.0749 

7.3864 

468 

219024 

102503232 

21.6333 

7.7639 

404 

163216 

65930261 

20.0998 

7.3925 

469 

219961 

103161709 

21.6564 

7.7695 

405 

164025 

66430125 

20.1246 

7.3986 

470 

220900 

103823000 

21.6795 

7.7750 

406 

164836 

66923416 

20.1494 

7.4047 

471 

221841 

104487111 

21.7025 

7.7806 

407 

165649 

67419143 

20.1742 

7.4108 

472 

222784 

105154048 

21.7266 

7.7866 

403 

166164 

67917312 

20.1990 

7.4169 

473 

223729 

105823817 

21.7486 

7.7915 

409 

167281 

68417923 

20.2237 

7.4229 

474 

224676 

106496424 

21.7715 

7.7970 

410 

168100 

68921000 

20.2485 

7.4290 

475 

225625 

107171875 

21.7945 

7.8025 

411 

168921 

69426531 

20.2731 

7.4350 

476 

226576 

107850176 

21.8174 

7.8079 

412 

169744 

63934528 

20.2978 

7.4410 

477 

227529 

108531333 

21.8403 

7.8134 

413 

170569 

70444997 

20.3224 

7.4470 

478 

228484 

103215352 

21.8632 

7.8188 

414 

171396 

70957944 

20.3470 

7.4530 

479 

229441 

103902239 

21.8861 

7.8243 

415 

172225 

71473375 

20.3715 

7.4590 

480 

230400 

110592000 

21.9089 

7.8297 

416 

173056 

71991296 

20.3961 

7.4650 

481 

231361 

111284641 

21.9317 

7.8352 

.    417 

173889 

72511713 

23.4206 

7.4710 

482 

232324 

111980168 

21.9545 

7.8406 

418 

174724 

73034632 

20.4450 

7.4770 

483 

233289 

112678587 

21.9773 

7.8460 

419 

175561 

73560059 

20.4635 

7.4829 

484 

234256 

113379904 

22. 

7.8514 

420 

176400 

74088000 

20.4939 

7.4889 

485 

235225 

114084125 

22.0227 

7.8568 

421 

177241 

74618461 

20.5183 

7.4948 

486 

236196 

114791256 

22.0454 

7.8622 

422 

178084 

75151448 

20.5426 

7.5007 

487 

237169 

115501303 

22.0681 

7.8676 

423 

178929 

75C8S967 

20.5670 

7.5067 

488 

238144 

116214272 

22.0907 

7.8730 

424 

179776 

76225024 

20.5913 

7.5126 

489 

239121 

116330169 

22.1133 

7.8784 

425 

180625 

76765625 

20.6155 

7.6185 

490 

240100 

117649000 

22.1359 

7.8837 

426 

181*76 

77308776 

20.6338 

7.5244 

491 

241081 

118370771 

22.1685 

7.8891 

427 

182329 

77854483 

20.6310 

7.5302 

492 

242064 

119095488 

22.1811 

7.8944 

428 

183184 

78402752 

20.6882 

7.6361 

493 

243049 

119823157 

22.2036 

7.8998 

423 

181011 

78953589 

20.7123 

7.5420 

434 

244036 

120553784 

22.2261 

7.9051 

430 

184900 

79507000 

20.7364 

7.5478 

495 

245025 

121287375 

22.2486 

7.9105 

431 

185761 

80062991 

20.7605 

7.5537 

496 

246016 

122023936 

22.2711 

7.9168 

432 

188324 

80621568 

20.7846 

7.5595 

497 

247009 

122763473 

22.2935 

7.9211 

433 

187489 

81182737 

20.8087 

7.5654 

498 

248004 

123505992 

22.3159 

7.9264 

434 

188356 

81746504 

20.8327 

7.5712 

499 

249001 

124251499 

22.3383 

7.9317 

435 

189225 

82312875 

20.8567 

7.5770 

500 

250000 

125000000 

22.3607 

7.9370 

436 

190096 

82881856 

20.8803 

7.5828 

501 

251001 

125751501 

22.3830 

7.9423 

437 

190369 

83453453 

20.9045 

7.5886 

602 

252004 

126506008 

22.4054 

7.9476 

438 

191844 

84027672 

20.9284 

7.5944 

503 

253009 

127263627 

22.4277 

7.9628 

439 

192721 

84601519 

20.9523 

7.6001 

504 

254016 

128024064 

22.4493 

7.9581 

440 

193600 

85184000 

20.9762 

7.6059 

505 

255025 

128787625 

22.4722 

7.9634 

441 

194481 

85766121 

21. 

7.6117 

506 

2560*56 

123551216 

22.4944 

7.9680 

442 

195364 

86350888 

21.0238 

7.6174 

507 

237013 

130323843 

22.6167 

7.9739 

443 

196249 

86938307 

21.0476 

7.6232 

608 

258031 

131096512 

22.6389 

7.9791 

444 

197136 

87528.181 

21.0713 

7.6283 

603 

259081 

131872229 

22.6610 

7.984S 

445 

198025 

88121125 

21.0950 

1     7.6343 

610 

960100 

132661000 

22X832 

7.9898 
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TABLE  of  £k»trai*es.  Cubes,  Square  Roots,  and  Cube  Roots, 
of  jtfiunbers  from  1  to  1000  —  (Continued.) 


No. 

Square. 

Cube. 

Sq.  Bt. 

O.Rt. 

No. 

Square. 

Cube. 

Sq.Bt. 

C.  Bt. 

511 

281121 

133432831 

22.6053 

7.9948 

576 

331776 

191102976 

24. 

8.3208 

512 

262144 

131217728 

22.6274 

8. 

577 

332929 

192100033 

24.0206 

8.8251 

51S 

268169 

135005697 

22.6495 

8.0052 

578 

334084 

193100552 

24.0416 

8.3300 

514 

264196 

135796744 

22.6716 

8.0101 

579 

335241 

194104539 

24.0624 

8.3348 

515 

265225 

136590675 

22.6936 

8.0156 

580 

836400 

195112000 

24.0832 

8.3396 

516 

266256 

137388096 

22.7156 

8.0208 

581 

837561 

196122941 

84.1039 

8.3448 

517 

267289 

138188413 

22.7376 

8.0260 

582 

338724 

197137368 

24.1247 

8.3491 

518 

268324 

188991832 

22.7596 

8.0311 

583 

339889 

198155287 

24.1454 

8.3539 

519 

269361 

139798359 

22.7816 

8.0363 

584 

341056 

199176704 

24.1661 

8.8587 

520 

270400 

140608000 

22.8035 

8.0415 

585 

342225 

200201625 

24.1868 

8.8684 

521 

271441 

141420761 

22.8254 

8.0466 

586 

348396 

201230056 

24.2074 

8.3682 

522 

272484 

142236648 

22.8473 

8.0517 

587 

344569 

202262003 

24.2281 

8.3730 

52S 

273529 

143055667 

22.8692 

8.0569 

588 

345744 

203297472 

24.2487 

8.877T 

524 

274576 

143877824 

22.8910 

8.0620 

589 

346921 

204836469 

24.2693 

8.3826 

525 

275625 

144703125 

22.9129 

8.0671 

590 

848100 

205879000 

24.2899 

8.3872 

526 

276676 

145531576 

22.9347 

8.0723 

591 

349281 

206425071 

24.3105 

8.3919 

627 

277729 

146363183 

22.9565 

8.0774 

592 

350464 

207474688 

24.3311 

8.3967 

528 

278784 

147197952 

22.9783 

8.0825 

593 

351649 

208527H57 

24.8516 

8.4014 

529 

279841 

148035889 

23. 

8.0876 

594 

352836 

209584584 

24.3721 

8.4061 

880 

280900 

148877000 

23.0217 

8.0927 

595 

354025 

210644875 

24.8926 

8.4108 

591 

281981 

149721291 

23.0434 

8.0978 

596 

855216 

211708736 

24.4131 

8.4155 

582 

283024 

150568768 

23.0651 

8.1028 

597 

856409 

212776J73 

24.4336 

8.4202 

5SS 

284089 

151419437 

23.0*68 

8.1079 

598 

857604 

213847192 

24.4540 

8.4249 

534 

285156 

152273304 

23.1084 

8.1130 

599 

358801 

214921799 

24.4745 

8.4296 

585 

286225 

153130375 

23.1301 

8.1180 

600 

360000 

216000000 

24.4949 

8.4348 

586 

287296 

153990656 

23.1517 

8.1231 

601 

361201 

217081801 

24.6153 

8.4390 

5S7 

288869 

154854153 

23.1733 

8.1281 

602 

362404 

218167208 

24.5357 

8.4487 

588 

289444 

155720872 

23.1948 

8.1332 

603 

363609 

219256227 

24.5561 

8.4484 

589 

290521 

156590819 

23.2164 

8.1382 

604 

364816 

220348864 

24.5764 

8.4530 

540 

291600 

157464000 

23.2379 

8.1433 

605 

366025 

221445125 

24.5967 

8.4577 

641 

292681 

158340421 

23.2594 

8.1483 

606 

367236 

222545016 

24.6171 

8.4623 

542 

293764 

159220088 

23.2809 

8.1533 

607 

368449 

223648543 

24.6374 

8.4670 

543 

294849 

160103007 

23.3024 

8.1583 

608 

369664 

224755712 

24.6577 

8.4716 

644 

295936 

160989184 

23.3238 

8.1633 

609 

370881 

225866529 

24.6779 

8.4768 

646 

297025 

161878625 

23.3452 

8.1683 

610 

372100 

226961000 

24.6982 

8.4809 

646 

298116 

162771338 

23.3666 

8.1733 

611 

373321 

228099131 

24.7184 

8.4856 

647 

299209 

163667823 

23.3880 

8.1783 

612 

374544 

229220928 

24.7386 

8.4902 

648 

800804 

164566592 

23.4094 

8.1833 

613 

375769 

230346397 

24.7588 

8.4948 

549 

301401 

165469149 

28.4307 

8.1882 

614 

376996 

231475544 

24.7790 

8.4994 

660 

802500 

166376000 

23.4521 

8.1932 

615 

378225 

232606375 

24.7992 

8.5040 

661 

803601 

167284151 

23.4784 

8.1982 

616 

379456 

233744896 

24.8193 

8.5086 

662 

804704 

168198608 

23.4947 

8.2031 

617 

380689 

234885113 

24.8395 

8.5132 

663 

805809 

169112377 

23.5160 

8.2081 

618 

381924 

236029032 

24.8596 

8.5178 

664 

806916 

170031464 

23.5372 

8.2130 

619 

383161 

237176659 

24.8797 

8.5224 

666 

808025 

170953875 

23.5584 

8.2180 

620 

384400 

238328000 

24,Q0vo 

8.5270 

6B6 

809186 

171879616 

23.5797 

8.2229 

621 

385641 

239483061 

24.9199 

8.5316 

557 

810249 

172808693 

23.6008 

8.2278 

622 

386884 

240641848 

24.9399 

8.5362 

558 

811364 

178741112 

23.6220 

8.2327 

623 

388129 

241804367 

24.9600 

8.5408 

559 

312481 

174676879 

23.6432 

8.2377 

624 

389376 

242970624 

24.9600 

8.5453 

500 

818600 

175616000 

23.6643 

8.2426 

625 

390625 

244140625 

25. 

8.5499 

661 

314721 

176558481 

23.6854 

8.2475 

626 

391876 

245314376 

25.0200 

8.5544 

662 

315844 

177504328 

23.7065 

8.2524 

627 

393129 

246491883 

25.0400 

8.5590 

663 

316989 

178453547 

23.7276 

8.2573 

628 

394384 

247673152 

26.0599 

8.5635 

664 

318096 

179406144 

23.7487 

6  2621 

629 

395641 

248858189 

25.0799 

8.5681 

666 

819225 

180362125 

28.7697 

8.2670 

630 

396900 

250047000 

25.0998 

8.5726 

666 

820856 

181321496 

23.7908 

8.2719 

631 

398161 

251239591 

25.1197 

8.5772 

667 

821489 

182284263 

23.8118 

8.2768 

632 

399424 

252435968 

25.1396 

8.5817 

668 

322624 

183250432 

28.8328 

8.2816 

633 

400689 

253636137 

25.1695 

8.5862 

669 

323781 

184220009 

23.8537 

8.2865 

634 

401956 

254840104 

25.1794 

8.5907 

570 

324900 

185193000 

23.8747 

8.2913 

635 

403225 

256047875 

25.1992 

8.5952 

671 

326041 

186169411 

28.8956 

8.2962 

636 

404496 

257259456 

25.2190 

8.5997 

572 

327184 

187149248 

28.9165 

8.3010 

637 

405769 

258474853 

25.2386 

8.6048 

573 

328329 

188132517 

23.9374 

8.3059 

638 

407044 

259694072 

25.2587 

8.6088 

674 

329476 

189119224 

23.9583 

8.3107 

639 

408321 

260917119 

25.2784 

8.6182 

675 

880823 

190109375 

23.9792 

8.3155 

640 

409600 

262144000 

25.2982 

8.6177 
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TABLE  of  Squares,  Cube*,  Square  Boots,  ana  Cube 
of  Numbers  from  \  to  1000— (Continued.) 


No. 

ffcUMUW. 

Cube. 

flq.Bt, 

cat. 

No. 

Square. 

Cube. 

«Q.*t. 

ant. 

641 
643 
6*3 
644 
645 

410881 
412164 
413449 
414736 
416025 

263374721 
264609288 
265847707 
267089984 
266336125 

25.3180 
25.8377 
25.8574 
25.8772 
25.3969 

8.6222 
8.6267 
8.6312 
8.6357 
8.6401 

708 
707 
708 
709 
710 

498486 
499849 
501264 
502681 
504100 

351895816 
353393243 
854894912 
356400829 
357911000 

26.5707 
26.5896 
26:6083 
26.6271 
26.6456 

8.9048 
8.9085 
8.9127 
8.9169 
8.9211 

646 
64? 
648 
649 
660 

417316 

-  418609 

419904 

421801 

422500 

269586136 
270840923 
272097792 
273359449 
274625000 

25.4165 
25.4362 
25.4558 
25.4755 
25.4951 

8.6446 
8.6190 
8.6535 
8.6579 
8.6624 

711 
712 
713 
714 
715 

505521 
606944 
608369 
509796 
611226 

359425431 
360944128 
362467097 
363994344 
865525875 

38.6838 
28.7021 
26.7208 
26.7395 

8.9253 
8.9295 
8.9337 
8.9378 
8.9420 

651 

654 
655 

423801 
425104 
426409 
427716 
429025 

275894451 
277167808 
278445077 
279726264 
2810U375 

25.5147 
26.5343 
25.5539 
25.5734 
26.5930. 

8.6668 
8.6713 
8.6757 
8.6801 
8.6845 

716 
717 
718 
719 
729 

612656 
614089 
515524 
516961, 
618400 

367081696 
368601813 
370146332 
371694959 
373248000 

'36.7583 
26.7769 
26.7955 
26.8U2 
36.8338 

8.9462 
8.9503 
8.9545 
8.9587 
8.9628 

656 

657 
656 
659 
660 

430336 
431649 
432964 
434S81 
435600 

282300416 
383593393 
284890312 
286191179 
287498000 

25.6125 
25.6320 
25.6515 
25.6710 
25.6905 

8.6890 
8.6934 

8.6978 
8.7023 
8.7066 

731 
722 
723 
724 
725 

519841 
521284 
522729 
524176 
525625 

374806361 
376367048 
377933067 
379503424 
881078125 

26.8614 
26.8701 
26.8887 
26.9072 
36.9258 

8.9670 
8.9711 
8.9752 
8.9794 
8.9836 

661 

684 
665 

436921 
438244 
439569 
440898 
442225 

288804781 
290117528 
291434247 
292754944 
294079626 

25.7099 
25.7294 
25.7488 
26.7682 
26.7876 

8.7110 
8.7154 
8.7198 
8.7241 
6.7285 

726 
727 
738 
729 
730 

527076 
528529 
529984 
531441 
532900 

382657176 
384240583 
385828352 
387420489 
389017000 

26.9444 

26.9629 

26.9815 

27. 

37.0185 

8.9876 

8.9918 

8.9959 

9. 

9.0041 

668 

669 
670 

443556 
444889 
446224 
447461 
448900 

295408298 
296740963 
298077632 
299418309 
300763000 

26.8070 
26.8263 
25.8457 
25.8650 
26.8844 

8.7329 
8.7873 
8.7416 
8.7460 
8.7503 

731 
732 
733 
734 
735 

534361 

635824 
537289 
538756 
540225 

390617891 
392223168 
393832837 
395446904 
397065375 

27.0370 
27.0555 
27.0740 
27.0924 
27.1109 

9.0063 
9.0123 
9.0164 
9.0205 
9.0246 

671 
672 
673 
674 
675 

450241 
451584 
452929 
454276 
455625 

302111711 
303464448 
304821217 
306182024 
307546875 

25.9037 
26.9230 
25.9422 
26.9815 
25.9806 

8.7547 
8.7590 
8.7634 
8.7677 
8.7721 

736 
737 
738 
739 
740 

541696 
543169 
544644 
546121 
547600 

398688256 
400315553 
401947272 
403583419 
405224000 

27.1293 
27.1477 
27.1662 
27.1816 
27.2039 

9.02*7 
9.0328 
9.0369 
9.0410 
9.0460 

676 
677 
678 
679 
680 

456976 
458329 
459684 
461041 
462400 

308915776 
310288733 
311666752 
313046839 
314432000 

26 

26!oi92 

26.0884 

26.0576 

26.0768 

8.7764 
8.7807 
8.7850 
8.7893 
8.7937 

741 
742 
743 
744 
745 

549081 
550564 
552049 
553536 
556025 

406889031 
406518488 
410172407 
411830784 
413493625 

27.2213 
37.2897 
2J.2580 
27.2764 
27.2947 

9.0491 
9.0533 
9.0573 
9.0613 
9.0654 

681 
68* 
683 
684 
685 

463761 
465124 
408489 
467856 
469225 

315821241 
317214568 
318611987 
320013504 
321419125 

26.0960 
26.1151 
26.1343 
26.1534 
26.1726 

8.7980 
8.8023 
8.8066 
8.8109 
8.8152 

746 
747 
748 
749 
750 

556516 
558009 
559504 
561001 
562500 

415160936 
416832723 
418506992 
420189749 
421875000 

27.3130 
27.3313 
37.3496 
27.3679 
37.3861 

9.0864 
9.0735 
9.0776 
9.0816 
9.0866 

686 
687 
688 

689 
690 

470596 
471969 
473344 
474721 
476100 

322828856 
324242703 
325660872 
327082769 
328509000 

26,1916 
20.2107 
26.2298 
26.2488 
26.2679 

8.8194 
8.8237 
8.8280 
8.8323 
8.8886 

751 
752 
753 
754 
755 

564001 
565504 
567009 
568516 
570025 

423564751 
425259008 
428957777 
428661064 
430368875 

37.4044 

27.4826 
27.4408 
27.4591 
37.4773 

9.0896 
9.0937 
9.0977 
9.1017 
9.1057 

691 
693 
693 
694 
695 

477481 
478864 
480249 
481636 
483026 

329939371 
381*78888 
33*812557 
334255384 
£36702375 

26.2869 
26.3059 
26.3249 
26.3439 
26.3629 

8.8408 
8.8451 
8.8493 
8.8536 
8.8578 

756 
757 
758 
759 
760 

571536 
573049 
674564 
576081 
677600 

432061216 
433798093 
435519512 
437245479 
438976000 

27.4955 
27.5136 
27.5318 
27.5500 
27.5681 

9.1098 
9.1138 
9.1178 
9.1218 
9.1258 

696 
697 
698 
699 
700 

484416 
485809 
487204 
488601 
490000 

337153536 
338608873 
340088392 
341532099 
343000000 

26.3818 
26.4008 
26.4197 
26.4386 
36.4575 

8.8621 
8.8663 
8.8706 
8.8748 
8.8790 

761 
762 
763 
764 
766 

579131 
580644 
583169 
583696 
585225 

440711061 
442450728 
444194947 
445943744 
447697125 

27.5862 
27.6043 
27.6225 
27.6405 
27.6586 

9.1398 
9.1338 
9.1378 
9.1418 
9.1458 

701 
703 
70S 
704 
705 

491401 
492804 
494209 
495616 
497025 

344472101 
345946408 
847428927 
348913664 
350409635 

26.4761 
26.4953 
26.6141 
26.5330 
26.5618 

8.8833 
8.8875 
8  8917 
8.8959 
8.9001 

766 
767 
768 
769 
770 

586756 
588289 
589824 
591361 
592900 

449455096 
451217663 
452984832 
454756609 
456533000 

27.6767 
27.6948 
27.7128 
27.7808 
37.7489 

9.1498 
9.1637 
9.1577 
9.1617 
9.1667 
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TABLE  of  Squares,  Cubes,  Square  Roots,  and  Cube 
of  tf  umbers  from  1  to  1000— ^Continmd.; 


No. 

Square. 

Cube. 

8q.  Bt. 

C.  Bt. 

NO. 

Square. 

Cube. 

8q.  Bt. 

C.  B*> 

771 

094441 

458314011 

27.7689 

9.1696 

836 

638896 

584277056 

28.9137 

9.4204 

772 

503984 

460099648 

27.7849 

9.1736 

837 

700569 

586376253 

38.9310 

9.4241 

779 

597539 

461889917 

27.8029 

9.1775 

838 

702244 

588480172 

28.9482 

9.4279 

774 

599076 

463684824 

27.8209 

9.1815 

839 

703921 

690569719 

28.9655 

9.4316 

776 

600685 

465484375 

27.8388 

9.1855 

840 

705600 

592704000 

38.9828 

9.4354 

776 

603176 

467288576 

21.8568 

9.1894 

841 

707281 

594833331 

99. 

9.4391 

777 

60*739 

463097433 

27.8747 

9.1933 

849 

708964 

596947688 

39.0173 

9.4429 

778 

805284 

470910952 

37.8927 

9.1973 

843 

710649 

599077107 

39.0345 

9.4468 

779 

606841 

472729189 

37.9106 

9.2012 

844 

712336 

601311684 

39.0517 

9.4506 

780 

608400 

474552000 

27.9285 

9.2052 

845 

714025 

60336U25 

39.0689 

9.4641 

781 

609961 

476878541 

37.9464 

9.3091 

846 

715716 

605496788 

39.0861 

9.4578 

783 

611534 

478211768 

37.9643 

9.3130 

847 

717409 

607646428 
609800192 

39.1033 

9.4615 

783 

613089 

480048687 

37.9821 

9.2170 

848 

719104 

39.1204 

9.4653 

784 

614656 

461890304 

28. 

9.2309 

849 

720801 

611960049 

29.1376 

9.4690 

785 

616336. 

488736636 

28.0179 

9.3248 

860 

722500 

614125000 

29.1548 

9.4737 

788 

617796 

485587656 

38.0357 

9.3287 

851 

724201 

616286061 

39.1719 

9.4764 

787 

619989 

487443408 

38.0535 

9.2326 

852 

725904 

618470808 

29.1890 

9.4801 

788 

630944 

489803873 

28.0713 

9.3365 

853 

727609 

620650477 

29.2063 

9.4838 

789. 

633531 

491169069 

38.0891 

9.2404 

854 

729316 

632895864 

29.2236 

9.4876 

798 

634100 

4113089000 

38.1089 

9.2443 

655 

731025 

625036876 

29.2404 

9.4912 

791 

635681 

484913671 

38.1247 

9.2482 

856 

732738 

627223016 

29.3575 

9.4949 

793 

637364 

496793088 

38.1425 

9.3521 

857 

734449 

629432793 

39.3746 

9.4986 

798 

638848 

488677367 

28.1603 

9.2560 

858 

736164 

691628712 

29.2916 

9.5038 

794 

630436 

500566184 

38.1780 

9.2599 

850 

737881 

633889779 

29.3087 

9.506ft 

79* 

633035 

502459675 

28.1957 

9.2638 

860 

739600 

636056000 

29.3258 

9.5097 

196 

633616 

504358336 

28.2135 

9.3677 

861 

741321 

638277881 

29.3428 

9.5184 

197 

635309 

506261573 

28.2312 

9.271* 

862 

743044 

640508938 

29.3598 

9.5171 
9.5207 

798 

636804 

508169593 

38.2489 

9.2754 

863 

744769 

642735647 

29.3769 

199 

638401 

510083399 

38.2666 

9.2793 

864 

746496 

644973544 

29.3939 

9.5244 

«Q0 

640000 

513000000 

28.2843 

9.3833 

865 

748225 

647214625 

39.4109 

9.5281 

Wl 

641601 

513933401 

36,3019 

9.3870 

806 

749956 

649461896 

39.4279 

9.5317 

WW 

643304 

515849608 
517781637 

26.3198 

9.2909 

867 

751689 

651714868 

29,4449 

9.5364 

803 

644809 

38.3373 

9.2948 

868 

753424 

653972082 

29.4618 

9.5391 
9.6427 

804 
866 

646416 

519718464 

38.3549 

9.2986 

869 

755161 

656234909 

29.4788 

648035 

531660135 

38.3725 

9.3026 

870 

756900 

658503000 

29.4958 

9.5464 

808 

6498S6 

538606616 

36.3901 

9.3068 

871 

758641 

660776311 

29.5127 

9.5601 
9.5637 

807 

651348 

536557843 

28.4077 

9.3103 

872 

760384 

663054848 

29.5296 

808 

652864 

537514119 

38.4253 

9.3140 

873 

762129 

665338617 

29.5466 

9.5574 

808 

654481 

539476139 

36.4429 

9.3179 

874 

763878 

667637624 

29.5635 

9.5610 

810 

656100 

531441000 

38.4606 

9.3217 

876 

765625 

669921875 

39.5804 

9.5647 

811 

657731 

538411781 

38.4781 

9.3256 

876 

767376 

673221376 

99.5973 

9.5688 

818 

659344 

586387338 

38.4956 

9.3294 

877 

769129 

674526133 

29.6142 

9.5719 

818 

660969 

587367797 

28.5132 

9.3332 

878 

770884 

676836162 

29.6811 

9.5756 

814 

663086 

589353144 

28,5307 

9.3870 

879 

772641 

679151439 

29.6479 

9.5792 

816 

6S4335 

541343876 

28,5483 

9.3408 

880 

774400 

681472000 

29.6648 

9.5828 

816 

685856 

548338496 

36.5657 

9.3447 

881 

776161 

688797841 

29.6816 

9.5866 

817 

667499 

545338513 

38.5833 

9.3485 

882 

777924 

686128968 

29.6985 

9.5901 

818 

669134 

547343433 

38.6007 

9.3523 

883 

779689 

688465887 

29.7153 

9.5937 

819 

670761 

549353359 

38.6182 

9.3561 

884 

761456 

690807104 

29.7321 

9.5973 

890 

673400 

561368000 

38.6356 

9.3599 

885 

783225 

693154125 

29.7489 

9.6010 

8*1 

674041 

653387661 

28.6531 

9.3637 

886 

784996 

695506456 

29.7658 

9.6046 

833 

675684 

555412248 

28.6705 

9.3675 

887 

786769 

697864103 

29.7825 

9.6082 

838 

677839 

657441767 

38.6836 

9.6713 

ooo 

788544 

700827072 

29.7993 

9.6118 

884 

678976 

559476334 

38.7054 

9.3751 

889 

790321 

702595369 

29.8161 

9.6154 

836 

680635 

661515625 

28.7226 

9.3789 

890 

792100 

704969000 

29.8329 

9.6190 

836 

683376 

563559976 

38.7403 

9.3827 

891 

793881 

"707347971 

29.8496 

9.6226 

837 

683929 

565609383 

28.7576 

9.3865 

892 

785664 

709732288 

29.8664 

9.6262 

838 

685584 

567663552 

28.7750 

9.3902 

893 

797449 

712121957 

29.8831 

9.6298 

839 

687341 

669722789 

38.7934 

9.3940 

894 

799236 

714516984 

29.8998 

9.6334 

830 

688900 

571787000 

28.8097 

9.3978 

895 

801025 

716917375 

29.9166 

9.6370 

831 

690561 

573856191 

38.8271 

9.4016 

896 

802816 

719323136 

29.9333 

9.6106 

833 
833 

884 

692334 

575930368 

2U*v7t4'x 

9.4053 

897 

804609 

721734273 

29.9500 

9.6442 

698889 

678009537 

38.8617 

9.4091 

898 

806404 

724150792 

Xtf.oOOO 

9.6477 

690668 

580093704 

28.8791 

9.4129 

899 

806201 

726572699 

29.9833 

9.6513 

885 

697336 

683183875 

38.8964 

9.4168 

900 

810000 

729000000 

SO. 

9.6549 

48 
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TABLE  of  Squares,  Cubes,  Square  Boots,  and  Cube  Roots, 
of  Numbers  from  1  to  1000  —  (Continued.) 


No. 

Square. 

Cube. 

Sq.  Rt. 

C.  Rt. 

No. 

Square. 

Cube. 

Sq.  Bt. 

ttRt. 

901 

811301 

731432701 

30.0167 

9.6585 

951 

90440L 

860385351 

30.8383 

9.8339 

90*2 

813601 

733870808 

30.0333 

9.6620 

952 

903304 

862^01408 

30.8545 

9.8374 

903 

815109 

736314327 

30.0500 

9.6656 

963 

908209 

865523177 

30.8707 

9.8408 

904 

817216 

738763264 

30.0666 

9.6692 

954 

910116 

863250664 

30.8869 

tfeOSWV 

905 

819025 

741217625 

30.0832 

9.6727 

955 

912025 

870983875 

30.9031 

9.8477 

906 

820836 

743677416 

80.0998 

9.6763 

956 

913936 

873722816 

80.9192 

9.8511 

907 

822649 

746142643 

30.1164 

9.6799 

957 

915849 

876467493 

30.9854 

9.8546 

906 

824464 

748613312 

80.1330 

9.6834 

958 

917764 

879217912 

80.9516 

9.8580 

909 

826281 

751089429 

30.1496 

9.6870 

959 

919681 

861974079 

80.9677 

9.8614 

910 

828100 

758571000 

30.1662 

9.6905 

960 

921600 

884736000 

80.9839 

9.8648 

911 

829921 

756058031 

80.1828 

9.6941 

961 

923521 

887503681 

81. 

9.8688 

912 

831744 

758516528 

30.1993 

9.6976 

962 

Vm)Mi 

890277128 

31.0161 

9.871T 

913 

833569 

761048497 

80.2159 

9.7012 

963 

927369 

893056347 

31.0322 

9.8751 

914 

835396 

763551944 

30.2324 

9.7047 

964 

929296 

895841344 

31.0483 

9.8786 

915 

837225 

766060875 

80.2490 

9.7082 

965 

931225 

898632125 

31.0644 

9.8819 

916 

&39056 

768575296 

80.2655 

9.7118 

966 

933156 

901428696 

81.0805 

9.8854 

917 

840889 

771095213 

30.2820 

9.7153 

967 

935089 

904231063 

81.0906 

9.8888 

918 

842724 

773620632 

30.2985 

9.7188 

968 

937024 

907039232 

3L1127 

9.8922 

919 

844561 

776151559 

30.3150 

9.7224 

969 

938961 

909853209 

81.1288 

9.8956 

920 

846400 

778688000 

30.3315 

9.7259 

970 

940900 

912673000 

31.1448 

9.8980 

921 

848241 

781229961 

30.3480 

9.7294 

971 

942841 

915498611 

81.1609 

9.9024 

922 

850084 

783777448 

30.3645 

9.7329 

972 

944784 

918330048 

81.1769 

9.9058 

923 

851929 

786330467 

30.3809 

9.7364 

973 

9M5729 

921167317 

31.1929 

9.9038 

924 

853776 

788889024 

30.3974 

9.7400 

974 

948676 

924010424 

31.20 JO 

9.9128 

925 

855625 

791453125 

30.4138 

9.7435 

975 

950625 

926859375 

31.2250 

9.9160 

926 

857476 

794022776 

30.4302 

9.7470 

976 

952576 

929714176 

31.2410 

9.9194 

927 

859329 

796597983 

30.4467 

9.7505 

977 

954529 

932574833 

31.2570 

9.9227 

928 

861184 

799178752 

30.4631 

9.7540 

978 

956484 

935441352 

31.2730 

9.9261 

929 

863041 

801765089 

30.4795 

9.7575 

979 

958441 

938313739 

31.2890 

9.9296 

930 

864900 

804357000 

30.4959 

9.7610 

080 

960400 

941192000 

31.3050 

9.9S29 

931 

866761 

806954491 

30.5123 

9.7645 

981 

962361 

944076141 

81.3209 

9.9368 

932 

868624 

809557568 

30.5287 

9.7680 

982 

964324 

946966168 

31.3369 

9.9396 

933 

870489 

812166237 

30.5450 

9.7715 

983 

966289 

949862087 

31.3528 

0.9430 

934 

872356 

814780504 

30.5614 

9.7750 

984 

968256 

952769904 

81.3688 

9.9464 

935 

874225 

817400375 

30.5778 

9.7785 

985 

970225 

956671625 

31.8847 

9.9497 

936 

876098 

820025856 

90.5941 

9.7819 

986 

972196 

958585256 

31.4006 

9.9531 

937 

877969 

822656953 

30.6105 

9.7854 

987 

974169 

961504803 

81.4168 

9.9666 

938 

879844 

825293672 

80.6268 

9.7889 

988 

976144 

964430272 

81.4325 

9.9698 

939 

881721 

827936019 

30.6431 

9.7924 

989 

978121 

967361669 

31.4484 

9.9632 

940 

883600 

830584000 

30.6594 

9.7959 

990 

980100 

970299000 

81.4643 

9.9866 

941 

885481 

833237621 

80.6757 

9.7988 

991 

982081 

973242271 

81.4802 

9.9699 

942 

887364 

835896888 

30.6920 

9.8028 

992 

984064 

976191488 

81.4960 

9.9738 

943 

889249 

838561807 

30.7083 

9.8063 

993 

986049 

979146657 

31.5119 

9.9768 

944 

891136 

841232384 

30.7246 

9.8097 

994 

988036 

982107784 

31.5278 

9.9600 

945 

893025 

843908625 

30.7409 

9.8132 

995 

990025 

985074875 

31.5438 

9.98S8 

946 

894916 

846590536 

30.7571 

9.8167 

996 

992016 

988047936 

31.5595 

9.9886 

947 

896809 

849278123 

30.7734 

9.8201 

997 

9JH009 

991026973 

31.5753 

9.9800 

948 

898704 

851971392 

30.7896 

9.8236 

998 

VvDUtrs 

994011992 

31.5911 

9.9938 

949 

900601 

854670349 

30.8058 

9.8270 

939 

998001 

997002999 

31.6070 

9.9987 

950 

902500 

857375000 

30.8221 

9.8305 

1000 

1000000 

1000000000 

81.6228 

10. 

lo  find  the  square  or  cube  of  any  whole  number  ending 
with  ciphers.    First,  omit  all  the  final  ciphers.    Take  from  the  table  the 

nquare  or  cube  (as  the  caxe  may  be)  of  the  rest  of  the  number.  To  thin  equate  add  twice  a*  many 
ciphers  as  there  were  final  ciphers  in  the  original  number.  To  the  cube  add  three  time*  as  many  as 
in  the  original  number.  Thus,  for  90500*;  905a  =  H19025.  Add  twice  2  cipher*,  obtainiug  8190250000. 
For  905003,  9053  =  741-217625.     Add  3  times  2  ciphers,  obtainiug  741217625000000. 

For  tables  of  fifth  roots,  fifth  powers,  and  square  roots  of  fifth 
powers,  see  pp  251  to  253. 
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this  degree  of  accuracy ;  for  hi*  purposes,  therefore,  this  process  is  greatly  preferable  to  the  ordinary 
laborious  one. 

To  find  the  square  root  of  a  number  which  is  wholly 

decimal. 

Very  simple,  and  correct  to  the  third  numeral  figure  inclusire.  If  the  number  does  not  contain  at 
least  five  figures,  counting  /rem  tkeArtt  numereUi  and  including  it,  add  one  or  more  ciphers  to  make 
fire.  If,  after  that,  the  vhoU  number  is  not  separable  into  twos,  add  another  cipher  to  make  it  so. 
Then  beginning  at  the  first  numeral  figure,  and  including  it,  assume  the  number  to  be  a  whole  one. 
Id-  the  table  find  the  number  nearest  to  this  assumed  one ;  take  out  its  tabular  sq  rt ;  move  the  deci- 
mal point  of  this  tabular  root  to  the  left,  Aol/as  many  places  as  the  finally  niodioed  decimal  number 
has  figures. 

Ex.  What  is  the  sq  rt  of  the  decimal  .002?  Here,  in  order  to  have  at  least  five  decimal  figures, 
eonnting  from  the  first  numeral  (2),  and  including  it,  add  ciphers  thus,  .00.20.09.0.  But,  as  it  is  not 
now  separable  iuto  twos,  add  auother  cipher,  thus,  .00,20,00,00.  Then  beginning  at  the  first  numeral 
(2),  assume  this  decimal  to  be  the  whole  number  200000.  The  nearest  to  this  in  the  table  is  190609; 
and  the  sq  rt  of  this  is  447.  Now,  the  decimal  number  as  finally  modified,  namely,  .00.20,00,00,  has 
eight  figures ;  one- hair  of  which  is  4 ;  therefore,  move  the  decimal  point  of  the  root  447,  four  places  to 
the  left ;  making  it  .0447.    This  is  the  reqd  sq  rt  of  .002,  correct  to  the  third  numeral  7  included. 

To  find  the  cube  root  of  a  number  which  is  wholly  decimal. 

Very  simple,  and  correct  to  the  third  numeral  inclusive. 

If  the  number  does  not. contain  at  least  five  figures,  counting  from  the  first  numeral,  and  including 
It,  add  one  or  more  ciphers  to  make  five.  If.  after  that,  the  number  is  not  separable  into  threes,  add 
one  or  more  ciphers  'to  make  it  so.  Then  beginning  at  the  first  numeral,  and  including  it,  assnme 
the  number  to  be  a  whole  one.  In  the  table  find  the  number  nearest  to  this  assumed  one,  and  take 
oat  its  tabular  cub  rt.  Move  the  decimal  point  of  this  rt  to  the  left,  one-third  as  mauy  places  as  the 
finally  modified  decimal  number  has  figures, 

Kx.  What  is  the  cube  ft  of  the 'decimal  .002  T  Here,  In  order  to  have  at  least  five  figures,  eonnting 
from  the  first  numeral  (2),  and  including  it,  add  ciphers  thus,  .002.000,0.  But  as  it  is  not  now  separ- 
able into  threes,  add  two  more  ciphers  to  make,4t  so ;  thus,  .002,000,000.  Then  beginning  with  the 
first  numeral  (2),  assume  the  deoimal  to  be  the  whole  number  2000000.  The  nearest  cube  to  this  in 
the  table  in  the  column 'of  cubes,  is  2000376;  and  its  tabular  cube  rt  as  found  in  the  col  of  numbers, 
la  198.  Now,  the  decimal  number  as  finally  modified,  nsmely,  .002  000 000,  has  nine  figures ;  one-third 
of  which  is  8;  therefore,  move  the  decimal  point  of  the  root  126,  three  places  tcrtbe  left,  making  it 
.190.    This  m  the  reqd  eqbe  rt  of  the  deoimal  .002,  correct  to  the  third  numeral  ft  included. 

To  And  roots  by  logarithms,  see  p  39. 


For  tables  of  fifth  roots,  fifth  powers,  and  square  roots  of  fifth 

«ee  pp  251  to  263. 
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Table  of  Reciprocals  of  Numbers.   See  p.  58 «. 


No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal 

No. 

Reciprocal. 

1 

1.000000000 

56 

.017857143 

Ill 

.uuyuuyuusf 

166 

.006024096 

2 

0.500000000 

57 

.017543860 

112 

.008928571 

167 

.005988024 

8 

.333333333 

58 

.017241379 

113 

.008849558 

168 

.005952381 

4 

.250000000  - 

59 

.016949153 

114 

.008771930 

169 

.005917160 

m 

.200000000 

60 

niftrjwjifyy 

115 

.008695652 

170 

.005882353 

5 

.UlDDDDOOV 

6 

.166666667 

61 

.016393443 

116 

.008620690 

171 

.005847953 

7 

.142857143 

62 

.016129032 

117 

.008547009 

172 

.005813953 

8 

.125000000 

63 

.015873016 

118 

.008474576 

173 

.005780347 

9 

.111111111 

64 

.015625000 

119 

.008403361 

174 

.005747126 

10 

.100000000 

65 

.015384615 

120 

.008333333 

175 

.005714286 

11 

.090909091 

66 

.015151515 

121 

.008264463 

176 

.005681818 

12 

.083333333 

67 

.014925373 

122 

.008196721 

177 

.005649718 

13 

.076923077 

68 

.014705882 

123 

.008130081 

178 

.005617978 

14 

.071428571 

69 

.014492754 

124 

.008064516 

179 

.005586592 

15 

.066666667 

70 

.014285714 

125 

.008000000 

180 

.005555556 

16 

.062500000 

71 

.014084507 

126 

.007986508 

181 

.005524862 

17 

.058823529 

72 

.013888889 

127 

.007874016 

182 

.005494505 

18 

.055555556 

73 

.013698630 

128 

.007812500 

183 

.005464481 

19 

.052631579 

74 

.013513514 

129 

.007751938 

184 

.005434783 

20 

« 

.050000000 

75 

.013333333 

130 

.007692308 

185 

.005405405 

21 

.047619048 

76 

.018157895 

181 

.007633588 

186 

.005876344 

22 

.045454545 

77 

.012987013 

132 

.007575758 

187 

.005347594 

23 

.043478261 

78 

.012820513 

1*8 

'  .007518797 

188 

.005319149 

2A 

,041666667 

79 

.012658228 

134 

.007462687 

189 

.005291005 

25 

.040000000 

80 

.012500000 

135 

.007407407 

190 

.005263158 

26 

.038461538 

81 

.012345679 

136 

.007352941 

191 

.005235602 

27 

.037037037 

82 

.012195122 

137 

.007299270 

192 

.005208333 

28 

.035714286 

83 

.012048193 

138 

.007246377 

193 

.005181347 

29 

.034482759 

84 

.011904762 

139 

.007194245 

194 

.005154639 

30 

.033333333 

85 

.011764706 

140 

.007142857 

195 

.005128205 

31 

.032258065 

86 

.011627907 

141 

.007092199 

196 

.005102041 

32 

.031250000 

87 

.011494253 

142 

.007042254 

197 

.005076142 

33 

.030303030 

88 

.011363636 

143 

.006999007 

198 

.005050505 

34 

.029411765 

89 

.011235955 

144 

.006944444 

199 

.085025126 

35 

.028571429 

90 

.011111111 

145 

.006896552 

200 

.005000000 

36 

.027777778 

91 

.010989011 

146 

.006849315 

201 

.004975124 

37 

.027027027 

92 

.010869565 

147 

.006802721 

202 

.004950495 

38 

.026315789 

93 

.010752688 

148 

006756757 

203 

.004926108 

39 

.025641026 

94 

.010638298 

149 

.006711409 

204 

.004901961 

40 

.025000000 

95 

.010526316 

150 

.006666667 

205 

.004878049 

41 

.024390244 

96 

.010416667 

151 

.006622517 

206 

.004854869 

42 

.023809524 

97 

.010309278 

152 

.006578947 

207 

.004830918 

43 

.023255814 

98 

.010204082 

158 

.006535948 

208 

004807692 

44 

.022727273 

99 

.010101010 

154 

.006493506 

209 

.004784689 

45 

.022222222 

100 

.010000000 

155 

.006451613 

210 

.004761905 

46 

.021739130 

101 

.009900990 

156 

.006410256 

211 

.004739336 

47 

.021276600 

102 

.009803922 

157 

.006369427 

212 

.004716981 

48 

.020833338 

103 

.009708738 

158 

.006329114 

213 

.004694836 

49 

.020408163 

104 

.009615385 

159 

.006289308 

214 

.004672897 

50 

.020000000 

105 

.009523810 

160 

.006250000 

215 

.004651163 

hi 

.019607848 

106 

.009433962 

161 

.006211180 

216 

.004629630 

52 

.019230769 

107 

.009345794 

162 

.006172840 

217 

.004608295 

53 

.018867925 

108 

.009259259 

163 

.006134969 

218 

.004587156 

54 

.018518519 

109 

.009174312 

164 

.006097561 

219 

.004566210 

55 

.018181818 

110 

,009090909 

165 

.006060606 

220 

.004545455 
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No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal. 

4 

No. 

Reciprocal. 

221 

.004524887 

276 

.003623188 

331 

.003021148 

386 

.002590674 

222 

.004504505 

277 

.003610108 

332 

.003012048 

387 

.002583979 

223 

.004484305 

278  .003597122 

333 

.003003003 

388 

.002577320 

224 

.004464286 

279 

.003584229 

334 

.002994012 

389 

.002570694 

225 

.004444444 

280 

.003571429 

335 

.002985075 

990 

.002564103 

226 

.004424779 

281 

.003558719 

836 

.002976190 

391 

.002557545 

227 

.004405286 

282 

.003546099 

33% 

.002967359 

392! 

.002551020 

228 

.004385965 

283 

.003533569 

338 

.002958580 

393  ) 

.002544529 

229 

.004366812 

284 

.003521127 

339 

.002949853 

394 

.002538071 

230 

.004347826 

285 

.003508772 

340 

.002941176 

395 

.002531646 

231 

.004329004 

286 

.003496503 

341 

.002932551 

396 

.002525253 

232 

.004310345 

287 

.003484321 

342 

.002923977 

397 

J002518892 

233 

.004291845 

288 

.003472222 

343'  .002915452 

398 

.002512563 

'234 

.004273504 

289 

.003460208 

344  .002906977 

399 

.002506266 

235 

.004255319 

290 

.003448276 

345 

.002898551 

400 

.002500000 

236 

.004237288 

291 

.003436426 

346 

.002890173 

401 

.002493766 

237 

.004219409 

292 

.003424658 

347  i  .002881844 

402 

.002487562 

238 

.004201681 

293 

.003412969 

348  .002873563 

403 

.002481390 

239 

.004184100 

294 

.003401361 

349 

.002865330 

404 

.002475248 

240 

.004166667 

295 

.003389831 

350 

.002857143 

405 

.002469136 

241 

.004149378 

296 

.003378378 

351 

.002849003 

406 

.002463054 

242 

.004132231 

297 

.003367003 

352 

.002840909 

407 

.002457002 

243 

.004115226 

298 

.003855705 

353 

J002832861 

408 

.002450980 

244 

.004098361 

299 

.003344482 

354 

.002824859 

409 

.002444988 

245 

.004081633 

300 

.003333333 

355 

.002816901 

410 

.002439024 

246 

.004065041 

301 

.003322259 

356 

.002808989 

411 

.002433090 

247 

.004048583 

302 

.003311258 

357 

.002801120 

412 

.002427184 

248 

.004032258 

303 

.003300330 

358 

.002793296 

413 

.002421308 

249 

.004016064 

304 

.003289474 

359 

.002785515 

414 

.002415459 

250 

.004000000 

305 

.003278689 

360  j  J002777778 

415 

.002409639 

251 

.003984064 

306 

.003267974 

361  '  .002770083 

416 

.002403846 

252 

.003968254 

807 

.003257329 

862 

.002762431 

417 

.002398082 

253 

.003952569 

308 

.003246753 

363 

.002754821 

418 

.002392344 

254 

.003937008 

309 

.003236246 

364 

.002747253 

419 

.002386635 

255 

.003921569 

810 

.003225806 

365 

.002739726 

420 

.002380952 

256 

.003906250 

311 

.003215434 

366 

.002732240 

421 

.002375297 

257 

.003891051 

312 

.003205128 

367 

.002724796 

422 

.002369668 

258 

.003875969 

318 

.003194888 

368 

.002717391 

423 

.002364066 

259 

.003861004 

314 

.003184713 

369 

.002710027 

424 

.002358491 

260 

.003846154 

315 

.003174603 

870 

.002702703 

425 

.002352941 

261 

.003831413 

316 

.003164557 

371 

.002695418 

426 

.002347418 

262 

.003816794 

817 

.003154574 

872 

.002688172 

427 

.002341920 

263 

.003802281 

318 

.003144654 

373 

.002680965 

428 

.002336449 

264 

.003787879 

319 

.003134796 

374 

.002673797 

429 

.002331002 

265 

.003773585 

320 

.008125000 

375 

.002666667 

430 

.002325581 

266 

.003759398 

321 

.003115265 

376 

.002659574 

431 

.002320186 

267 

.003745318 

822 

.003105590 

377 

.002652520 

432 

.002314815 

268 

.003731343 

823 

.003095975 

378 

.002645503 

433 

.002309469 

269 

.003717472 

324 

.003086420 

379 

.002638522 

434 

.002304147 

270 

.003703704 

825 

.008076923 

380 

.002631579 

435 

.002298851 

271 

.003690037 

326 

.003067485 

381 

.002624672 

436 

.002293578 

272 

.003676471 

327 

.008058104 

382 

.002617801 

437 

.002288330 

273 

.003663004 

328 

.003048780 

383 

.002610966 

438 

.002283105 

274 

.003649635 

329 

.003039514 

384 

.002604167 

439 

.002277904 

275 

.003636364 

380 

.003030303 

385 

.002597403 

440 

.002272727 
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No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

551 

Reciprocal. 

No. 

Reciprocal. 

441 

.002267574 

496 

.002016129 

.001814882 

606 

.001650165 

.442 

.002262443 

497 

.002012072 

552 

.001811594 

607 

.0M647446 
.001644737 

443 

.002257336 

498 

.002008032 

553 

.001808318 

608 

444 

.002252252 

499 

.002004008 

554 

.001805054 

609 

.001642036 

415 

.002247191 

500 

.002000000 

555 

.001801802 

610 

.001639344 

446 

.002242152 

501 

.001996008 

556 

.001798561 

611 

.001636661 

447 

.002237136 

502 

.001992032 

557 

.001795332 

612 

.001633987 

448 

.002232143 

503 

.001988072 

558 

.001792115 

613 

.001631321 

449 

.002227171 

504 

.001984127 

559 

.001788909 

614 

.001628664 

450 

.002222222 

505 

.001980198 

560 

.001785714 

615 

.001626016 

451 

.002217295 

506 

.001976285 

561 

.001782531 

616 

.001623377 

452 

.002212389 

507 

.001972387 

562 

.001779359 

617 

.001620746 

453 

.002207506 

508 

.001968504 

563 

.001776199 

618 

.001618123 

454 

.002202643 

509 

.001964637 

564 

.001773050 

619 

.001615509 

455 

.002197802 

510 

.001960784 

565 

.001769912 

620 

.001612903 

456 

.002192982 

511 

.001956947 

566 

.001766784 

621 

.001610306 

457 

.002188184 

512 

.001953125 

567 

.001763668 

622 

.001607717 

458 

.002183406 

513 

.001949318 

568 

.001760563 

623 

.001605136 

459 

.002178649 

514 

.001945525 

569 

.001757469 

624 

.001602564 

460 

.002173913 

515 

.001941748 

570 

.001754386 

625 

.001600000 

461 

.002169197 

516 

.001937984 

571 

.001751313 

626 

.001597444 

462 

.002164502 

517 

.001934236 

572 

.001748252 

627 

.001594896 

463 

.002159827 

518 

.001930502 

573 

.001745201 

628 

.001592357 

464 

.002155172 

519 

.001926782 

574 

.001742160 

629 

.001589825 

465 

.002150538 

520 

.001923077 

575 

.001739130 

630 

.001587302 

466 

.002145923 

521 

.001919386 

576 

.001736111 

631 

.001584786 

467 

.002141328 

522 

.001915709 

577 

.001733102 

632 

.001582278 

468 

.002136752 

523 

.001912046 

578 

.001730104 

633 

.001579779 

469 

.002132196 

524 

.001908397 

579 

.001727116 

634 

.001577287 

470 

.002127660 

525 

.001904762 

580 

.001724138 

635 

.001574803 

471 

.002123142 

526 

.001901141 

581 

.001721170 

636 

.001572327 

472 

.002118644 

527 

.001897533 

582 

.001718213 

637 

.0015698G9 

473 

.002114165 

528 

.001893939 

583 

.001715266 

638 

.001567398 

474 

.002109705 

529 

.001890359 

584 

.001712329 

639 

.001564945 

475 

.002105263 

530 

.001886792 

585 

.001709402 

640 

.001562500 

476 

4 

.002100840 

531 

.001883239 

586 

.001706485 

641 

.001560062 

477 

.002096436 

532 

.001879699 

587 

.001703578 

642 

.001557632 

478 

.002092050 

533 

.001876173 

588 

.001700680 

643 

.001555210 

479 

.002087683 

534 

.001872659 

589 

.001697793 

644 

.001552795 

480 

.002083333 

535 

.001869159 

590 

.001694915 

645 

.001550388 

481 

.002079002 

536 

.001865672 

591 

.001692047 

646 

.001547988 

482 

.002074689 

537 

.001862197 

592 

.001689189 

647 

.001545595 

483 

.002070393 

538 

.001858736 

593 

.001686341 

648 

.001543210 

484 

.002066116 

539 

.001855288 

594 

.001683502 

649 

.001540832 

485 

.002061856 

540 

.001851852 

595 

.001680672 

650 

.001538462 

486 

.002057613 

541 

.001848429 

596 

.001677852 

651 

.001536098 

487 

.002053388 

542 

.001845018 

597 

.001675042 

652 

.001533742 

488 

.002049180 

543 

.001841621 

598 

.001672241 

653 

.001531394 

489 

.002044990 

544 

.001838285 

599 

.001669449 

654 

.001529052 

490 

.002040816 

545 

.001834862 

600 

.001666667 

655 

.001526718 

491 

.002036660 

546 

.001831502 

601 

.001663894 

656 

.001524390 

492 

.002032520 

547 

.001828164 

602 

.001661180 

657 

.001522070 

493 

.002028398 

548 

.001824818 

603 

.001658375 

658 

.001519757 

494 

.002024291 

549 

.001821494 

604 

.001655629 

659 

.001517451 

495 

.002020202 

550 

.001818182 

605 

.001652893 

660 

.001515152 
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No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal. 

661^ 

66# 

663 

664 

665 

.001512859 
.001510574 
.001506296 
.001506024 
.001503759 

716 
717 
718 
719 
720 

.001396648 
.001394700 
.001392758 
.001390821 
.001388889 

771 

772 
773 
774 
775 

.001297017 
.001295337 
.001293661 
.001291990 
.001290323 

826 

827 
828 
829 
830 

.001210654 
.001209190 
.001207729 
.001206273 
.001204819 

666 
667 
668 
669 
670 

.001501502 
.001499250 
.001497006 
.001494768 
.001492537 

721 
722 
723 
724 
725 

.001386963 
.001385042 
.001383126 
.001381215 
.001379310 

776 

777 
778 
779 
780 

.001288660 
.001287001 
.001285347 
.001283697 
.001282051 

831 
832 
833 
834 
835 

.001203369 
.001201923 
.001200480 
.001199041 
.001197605 

671 
672 
673 
674 
675 

.001490313 
.001488095 
.001485884 
.001483680 
.001481481 

726 
727 
728 
729 
730 

.001377410 
.001375516 
.001373626 
.001371742 
.001369863 

781 
782 

783 
784 
785 

.001280410 
.001278772 
.001277139 
.001275510 
.001273885 

836 
837 
838 
839 
840 

.001196172 
.001194743 
.001193317 
.001191895 
.001190476 

676 
677 
678 
679 
680 

.001479290 
.001477105 
.001474926 
.001472754 
.001470588 

731 
732 
733 
734 
735 

.001367989 
.001366120 
.001364256 
.001362398 
.001360544 

786 
787 
788 
789 
790 

.001272265 
.001270648 
.001269036 
.001267427 
.001265823 

841 
842 
843 
844 
845 

.001189061 
.001187648 
.001186240 
.001184834 
.001183432 

681 
682 
683 
684 
685 

.001468429 
.001466276 
.001464129 
.001461988 
.001459854 

786 
737 
738 
739 
740 

.001358696 
.001356852 
.001355014 
.001358180 
.001351351 

791 
792 
793 
794 
795 

.001264223 
.001262626 
.001261034 
.001259446 
.001257862 

846 
847 
848 
849 

850' 

.001182033 
.001180638 
.001179245 
.001177856 
.001176471 

686 
687 
688 
689 
690 

.001457726 
.001455604 
.001453488 
.001451379 
.001449275 

741 
742 
743 
744 

745 

.001349528 
.001347709 
.001345895 
.001344086 
.001342282 

796 
797 
798 
799 
800 

.001256281 
.001254705 
.001253133 
.001251564 
.001250000 

851 
852 
858 
854 
855 

.001175088 
.001173709 
.001172333 
.001170960 
.001169591 

691 
692 
693 
694 
695 

.001447178 
.001445087 
.001443001 
.001440922 
.001438849 

746 
747 
748 
749 
750 

.001340483 
.001338688 
.001336898 
.001335113 
.001333333 

801 
802 
803 
804 
805 

.001248439 
.001246883 
.001245330 
.001243781 
.001242236 

856 
857 
858 
859 
860 

.001168224 
.001166861 
.001165501 
.001164144 
.001162791 

696 
697 
698 
699 
700 

.001436782 
.001434720 
.001432665 
.001430615 
.001428571 

751 
752 
753 
754 
755 

.001331558 
.001329787 
.001328021 
.001326260 
.001324503 

806 
807 
808 
809 
810 

.001240695 
.001289157  . 
.001237624 
.001236094 
.001234568 

861 
862 
863 
864 
865 

.001161440 
.001160093 
.001158749 
.001157407 
.001156069 

701 
702 
703 
704 
705 

.001426534 
.001424501 
.001422475 
.001420455 
.001418440 

756 
757 
758 
759 
760 

.001322751 
.001321004 
.001319261 
.001317523 
.001315789 

811 
812 
813 
814 
815 

.001233046 
.001231527 
.001230012 
.001228501 
.001226994  . 

866 
867 
868 
869 
870 

.001154734 
.001153403 
.001152074 
.001150748 
.001149425 

706 
707 
708 
709 
710 

.001416431 
.001414427 
.001412429 
.001410437 
.001408451 

761 
762 
763 
764 
765 

.001814060 
.001312336 
.001310616 
.001308901 
.001307190 

816 

817 

818' 

819 

820 

.001225490 
.001228990 
.001222494 
.001221001 
.001219512 

871 
872 
873 
874 
875 

.001148106 
.001146789 
.001145475 
.001144165 
.001142857 

711 
712 
713 
714 
715 

.001406470 
.001404494 
.001402525 
.001400560 
.001398601  1 

766 
767 
768 
769 
770 

.001305483 
.001303781 
.001302083 
.001300390 
.001298701 

821 
822 
823 
824 
825 

.001218027 
.001216545 
.001215067 
.001213592 
.001212121  1 

876 
877 
878 
879 
880 

.001141553 
.001140251 
.001138952 
.001137656 
.001136364 
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Table  of  Reciprocals  of  Numbers.— (Continued.)    See  below. 


No. 

Reciprocal. 

No. 

Reciprocal. 

No. 
941 

Reciprocal. 

No. 

Reciprocal. 

881 

.001135074 

911 

.001097695 

.001062699 

971 

.001029866 

882 

.001133787 

912 

.001096491 

942 

.001061571 

972 

.001028807 

883 

.001132503 

913 

.001095290 

948 

.001060445 

973 

.001027749 

884 

.001131222 

914 

.001094092 

Odd. 

.001059322 

974 

.001026694 

885 

.001129944 

915 

.001092896 

945 

.001058201 

975 

.001025641 

886 

.001128668 

916 

.001091703 

946 

.001057082 

976 

.001024590 

887 

.001127396 

917 

.001090513 

947 

.001055966 

977 

.001023541 

888 

.001126126 

918 

.001089325 

948 

.001054852 

978 

.001022495 

889 

.001124859 

919 

.001088139 

949 

.001053741 

979 

.001021450 

890 

.001123596 

920 

.001086957 

950 

.001052632 

980 

.001020408 

891 

.001122334 

921 

.001085776 

951 

.001051525 

981 

.001019368 

892 

.001121076 

922 

.001084599 

952 

.001050420 

982 

.001018330 

89S 

.001119821 

923 

.001083424 

953 

.001049318 

983 

.001017294 

894 

.001118568 

924 

.001082251 

954 

.001048218 

Qftl 

SPOrt 

.001016260 

895 

.001117818 

925 

.001081081 

955 

.001047120 

985 

.001015228 

896 

.001116071 

926 

.001079914 

956 

.001046025 

986 

.001014199 

897 

.001114827 

927 

.001078749 

957 

.001044932 

987 

.001013171 

898 

.001113586 

928 

.001077586 

958 

.001043841 

988 

.001012146 

899 

.001112347 

929 

.001076426 

959 

.001042753 

989 

.001011122 

900 

.001111111 

930 

.001075269 

960 

.001041667 

990 

.001010101 

901 

.001109878 

931 

.001074114 

961 

.001040583 

991 

.001009082 

902 

.001108647 

-832 

.001072961 

962 

.001039501 

992 

.001008065 

903 

.001107420 

933 

.001071811 

963 

.001038422 

993 

.001007049 

904 

.001106195 

934 

.001070664 

964 

.001037344 

994 

.001006036 

905 

.001104972 

935 

.001069519 

965 

.001036269 

995 

.001005025 

906 

.001103753 

936 

.001068376 

966 

.001035197 

996 

.001004016 

907 

.001102536 

937 

.001067236 

967 

.001034126 

997 

.001003009 

908 

.001101322 

938 

.001066098 

968 

.001033058 

998 

.001002004 

909 

.001100110 

939 

.001064963 

969 

.001031992 

999 

.001001001 

910 

.001098901 

940 

.001063830 

970 

.001030928 

1  1000 

.001000000 

RECIPROCALS. 


(a)  The  reciprocal  of  a  number  is  the  quantity  obtained  by  divid- 
ing unity  or  1  by  that  number.    In  other  words,  if  n  be  any  number,  then 

Recip  n  =  — .    Thus,  Recip  40  =  —  =s  0.025 ;  Recip  0.4  =  —  =  2.5,  etc.,  etc. 

n  4U  U.4 

Hence,         Recip  —  =  — .  because  Recip  —  =  l-*-  —  =  lX  —  =  — • 
r  b       a  b  b  a       a 

Thus,  since  1  yard  =  36  inches,  1  inch  =  ^  yard  =  .027777778  yard,  for  Recip 

36  =  .027777778.    Again,  1  foot  head  of  water  gives  a  pressure  of  .4335  lbs.  per 

square  inch.    Hence  a  pressure  of  1  lb.  per  square  inch  corresponds  to  a  head 

of  ~r~  feet  =  2.306805  feet,  for  Recip  .4335  =  2.306805.    (See  h,  below.) 

(b)  It  follows  that  if  any  number  in  the  column  headed  "No."  be  taken  as 
the  denominator  of  a  common  fraction  whose  numerator  is  1,  the  corresponding 
reciprocal  is  the  value  of  that  fraction  expressed  in  decimals.*  Thus,  -fa  =  .03125. 
Hence,  to  reduce  a  common  fraction  to  decimal  form,  multiply 
the  reciprocal  of  the  denominator  by  the  numerator.  Thus,  J  J  =  .53125,  because 
Recip  82  =  .03125,  and  .03125  X  17  =  .53125. 

(c;  Conversely,  if  the  reciprocal  of  a  number  n  be  taken  as  a  number,  then  the 

number  n  itself  becomes  the  reciprocal.    In  other  words,  Recip  —  =  n.    Thus, 

1  1  tt 

Recip  0.025  =  Recip  —  =  40 ;  Recip  2.5  =  Recip  —  =  0.4,  etc.,  etc. 

_  i       i         .  _  ■  — ' 

*  The  numbers  2  And  5,  and  their  powers  And  products,  are  the  only  ones  whose 
reciprocals  cau  be  exactly  expressed  in  decimals. 
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(d)  The  product  of  any  number  by  it*  own  reciprocal  is  equal  to  unity  or  1 ; 
or,  n  X  —  =■    ~  =  1. 

(e)  Any  number,  a  X  Becip  of  a  number,  n=*aX  —  —  —  • 

ft       s 

Hence,  to  avoid  the  labor  of  dividing,  we  may  multiply  by  the  recip- 
rocal of  the  divisor.    Thug, 
200  -f-  48750  =  200  X  Becip  48750  =  200  X  .00002051282  (see  h,  below)=.00410256i 

(f )  Any  number,  a -s-  Recip  of  a  number,  n  =  a  -s-  —  =*an. 

Hence,  a  -*-  Becip  a  =  a  -t- — «aX  ,  =o*. 

a  1 

Thus,  Becip  2  =  0.5,  and  ■     2.    0=-?-=4  =  2*. 

Becip  2      0.5 

(a;)  The  numbers  in  the  foregoing  table  extend  from  1  to  1000;  but  the  recip- 
rocals of  multiples)  of  these  numbers  by  10  may  be  taken  from  the 
table  by  adding  one  cipher  to  the  left  of  the  reciprocal  (after  the  decimal  point) 
for  each  cipher  added  to  the  number.    Thus, 

Becip     390  =  .002564103 ; 

Becip   3900  =. 0002564103; 

Becip  39000  «  .00002564103 ; 
and  the  reciprocals  of  numbers  containing  decimals  may  be  taken 
from  the  table  by  shifting  the  decimal  point  in  the  tabular  reciprocal  oue  place 
to  the  right  tor  each  decimal  place  in  the  number.    Thus: 

Becip  227  =     .004405286; 

Becip    22.7       =     .04405286; 

Becip      2.27     ~     .4405286; 

Becip        .227   *=   4.405286; 

Becip        .0227  =  44.05286. 

(h)  The  reciprocal  of  a  number  of  more  than  three  figures  may  be 

ttken  from  the  table  approximately  by  interpolation.  Thus,  to  find  Becip  236.4: 

Recip     236  =  .004237288 
Becip     237  =  .004219409 

Differences:        1,    .000017879,   236.4—236  =  0.4. 
Then,  0.4  X  .000017879  =  .000007152, 

and  Becip  236    =.004237288 

minus  .000007152 

~  Becip  236.4  =  .004230136  by  interpolation. 
The  correct  reciprocal  is  .004230118. 

(i)  The  reciprocals  of  numbers  not  in  the  table  may  be  conveniently  found 
hjr.  means  of  logarithms.*  Thus,  to  find  the  Becip  236,4  =  ~^j : 

Log     1    —  0.080000 
Subtract  Log  236.4  ~  2.873647 

1F.626353  =  Log  0.00423012 

Becip  236.4  =  0.00423012. 

To  find  Recip -^---^ 

Ix>g   236.4  =  2.373647 
Subtract  Log  8424    ~  3.925518 

"5.448129  *  Log  0.0280627. 

8424 
Becip  -c>^j  =  0.0280627. 

(|)  Position  of  the  decimal  point.  For  the  Nos.  10, 100, 1000,  etc., 
the  number  of  the  decimal  place  occupied  by  the  first  significant  figure  in  the 
reciprocal  is  equal  to  the  number  of  ciphers  in  the  No. ;  but  for  all  other  Nos.  it 
is  equal  to  the  number  of  the  digit*  in  the  integral  portion  of  the  No.  Thus: 
Recip  143.7  =  .0069..,  ete.  Here  the  number  of  digits  in  the  integral  portion 
(143)  of  the  No.  is  3.  and  the  first  significant  figure  (6)  of  the  reciprocal  occupies 
the  third  decimal  place. 

•  For  logarithms  see  pp.  38, 39. 
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Linen,  Figures,  Solid*,  defined.    Strictly  speaking  a  geometrical  line 

la  simply  length,  or  distanoe.  The  lines  we  draw  on  paper  hare  not  only  length,  but  breadth  and 
thiokness :  still  they  are  the  moat  oonvenient  symbol  we  can  employ  for  denoting  a  geometrical  Hue. 

Straight  lines  are  also  called  right  lines.  A  vertical  line  is  one  that  points 
toward  the  center  of  the  earth;  and  a  horizontal  one  is  at  right  angles  to  a 
Vert  one.    A  plane  flgnre  is  merely  any  flat  surface  or  area  entirely  enclosed 

by  lines  either  straight  or  curved ;  wbieb  are  called  its  outline,  boundary,  oiroumr,  or  periphery.  We 
often  confound  the  outline  with  the  flg  itself  as  when  we  speak  of  drawing  circle*,  squares,  ko;  for 
we  actually  draw  only  their  outlines.    Geometrically  speaking,  a  flg  has  length  and  breadth  only ;  no 

thickness.    A.  solid  is  any  body :  it  has  length,  breadth,  and  thickness. 

Geometrically  aim  liar  figs  or  solids,  are  not  necessarily  of  the  same 
Mlze ;  but  only  of  precisely  the  same  shape.  Thus,  any  two  squares  are,  scien- 
tifically speaking,  similar  to  each  other ;  so  also  any  two  circles,  cube*,  Ac.  no  matter  bow  different 
thev  may  be  it)  size.    When  they  are  not  only  of  the  same  shape,  but  of  the  same  siae,  they  are  saM 

to  be  similar,  and  equal. 
The  quantities  of  lines  are  to  each  other  simply  as  their  lengths;  bnt 

the  quantities,  or  areas,  or  surfaces  of  similar  flgnres,  are  as,  or  in  proportion 
to,  the  squares  of  any  one  of  the  corresponding  lines  or  sides  which  enclose  the 
figures,  or  which  may  be  drawn  upon  them ;  ana  the  quantities,  or  solidities  of 
similar  solids,  are  as  the  cubes  of  any  of  the  corresponding  lines  which  form 

their  edges,  or  the  figures  by  which  they  are  enclosed. 

-  Sens*— 8imple  a*  the  following  operations  appear,  it  is  only  by  chre.  and  good  instruments,  that 
they  are  made  to  give  aooorate  results.  Several  of  them  win  be  much  better  performed  by  means  of  a 
metal  I  io  triangle  having  one  perfectly  aoourate  right  angle.  In  the  field,  the  tape-line,  ehaia,  or  a 
measuring- rod  will  take  the  plaoe  of  the  dividers  and  ruier  used  indoors. 


To  divide  a  given  line,  a  b,  Into  two  equal  parts. 

From  its  ends-  a  and  6  as  centers,  and  with  any  rad  greater  than  one-half  of  a  ©, 
describe  the  arcs  c  and  d,  and  join  «/.  -f  the'Une  a  b  is  very  long,  first  lay  off 
equal  dists  a  o  and  bg.  each  way  from  the  ends,  so  as  to  approach  conveniently 
near  to  each  other ;  and  then  prooeed  as  if  o  g  were  the  line  to  be  divided.  Or 
measure  a  b  by  a  soale,  and  thus  ascertain  its  oenter. 


To  divide  a  given  line,  m  n,  into  any 
given  nnmber  of  equal  parts. 

From  «%  and  n  draw  any  two  parallel  lines  •»  o  and  n  «, 
to  an  indefinite  dist ;  and  on  them,  from  m  and  n  step  off  the 
read  number  of  equal  parts  of  any  oonvenient  length :  final- 
ly, join  the  corresponding  points  thus  stepped  off.  Or  only 
one  line,  as  mo,  may  be  drawn  and  stepped  off.  as  to  •; 
then  join  tn;  and  draw  the  other  abort  linos  parallel  to  it. 

To  divide  a  given  line,  m  n,  Into  two  parts  which  shall  have 
a  given,  proportion  to  each  other. 

This  is  done  on  the  same  principle  as  the  last :  thns,  let  the  proportion  be  as  1  to  S.  First  draw 
any  line  m  o ;  and  with  any  oonvenient  opening  of  the  dividers  make  m  x  equal  to  one  step ;  and  s  • 
equal  to  three  steps.    Joint  a;  and  parallel  to  it  draw  xe.    Then  me  is  to  en  as  1  is  to  3. 

ANOLE8. 

Andes.  When  two  straight,  or  right  lines  meet  each  other  at  any  Inclina- 
tion, the  inclination  is  called  an  angle;  and  is  measured  by  the  degrees  con- 
tained in  the  aro  of  a  oirole  desoribed  from  the  point  of  meeting  as  a  oenter.  Since  all  circles,  whether 
Inrge  or  small,  are  supposed  to  be  divided  into  860  degrees*,  it  follows  that  any  number  of  degrees  of  a 
sin-ill  oircle  will  measure  the  same  degree  of  inclination  as  will  the  aame  number  of  a  large  on*. 

When  two  fttraight  lines,  as  o  n  and  a  b,  meet  in  suoh  a  manner  that  the  lnoliaition  •  n  «  is  equal 
to  the  inclination  onb,  then  the  two  lines  are  said  to  be 
perpendicular  to  each  other;  and  the  angles  on  a  and 
o  n  ft,  are  called  right  angles  i  and  are  each  measd  by,  or 

are  equal  to.  80©,  or  one-fourth  part  of  the  olroumf  of  a  oirole.    Any  angle, 

as  e  e  d,  smaller  than  a  right  angle,  is  called  acute  or  sharp ; 

and  one  e  ef,  larger  than  a  right  angle,  is  called  obtuse,  or 

blunt.    When  one  line  meets  another,  as  In  the  first  Fig  on  opposite  page,  the  two  angles  en  the 

same  side  of  either  line  are  called  contiguous,  or  adjacent.    Thus,  vit  s  and 

vuw  are  adjaceut ;  aixo  tut  and  tuv ;  tut  anas  u  v ;  w  u  I  and  vui.  The  sum  of  two  adjacent 
augU-a  Is  always  equal  to  two  right  angles ;  or  to  180°.  Therefore,  if  we  know  the  number  of  df> 
gree*  ouutaiued  in  one  of  them,  and  subtract  it  fxdia  180°,  we  obtain  the  other. 


la-iiiou  one 
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When  two  straightlines  cross  each  other,  forming  four 
angles,  either  pair  of  those  angles  which  point  in  exactly 
opposite  directions  are  called  opposite,  or  vertical 
angles  ;  thus,  the  pair  *  te  t,  ana  vuw  are  opposite  an- 
gles ;  also  the  pair  snv  and  t u t0.  The  opposite  angles 
of  any  pair  are  always  equal  to  each  oilier. 

When  a  straight  line  a  b  crosses  two  parallel  lines  c  dy 
«/,  the  alternate  angles  which  form  a  kind  of  Z  are 
equal  to  each  other.  Thus,  the  angles  don,  and  onf,  are 
equal:  as  are  also  con,  and  on e.  Also  the  sum  of  the 
two  internal  angles  on  the  same  side  of  o  6,  is  equal  to  two 
right  angles,  or  180°;  thus,  eo  n  +  on/=  180°;  also 
don  +  one  =  180°. 

An  interior  angle, 

lit  any  fig,  1s  any  angle  formed  inside  of  that  fig,  by  the  meet- 
ing of  two  of  its  sides,  as  the  angles  cab,  ab  e,  b  c  a,  of  this 
triangle.  All  the  interior  angles  of  any  straight-lined  figure  of 
any  number  of  sides  whatever,  are  together  equal  to  twiee  as 
many  right  angles  minus  feur,  as  the  figure  has  sides.  Thas, * 
triangle  has  3  sides ;  twioa  that  uamber  is  ft;  and  ft  right  angles, 
or  6  X  90°  =  540° ;  from  wbioh  take  4  right  angles,  or  360° ;  and 
there  remain  180°,  whioh  is  the  number  of  degrees  in  every 
plane,  or  straight-lined  triangle.  This  principle  furnishes  an 
easy  means  of  testing  -our  measurements  of  the  angles  of  hot 
fig;  for  If  the  sum  of  all  our  measurements  does  not  agree  with 


-d 


W 
the  sum  gives  by  the  role,  It  Is  a  proof  in  at  we  have  committed  some  error. 


An  exterior  angle 

Of  any  straight-lined  figure,  is  any  angle,  as  a  b  d.  formed  ootbidb  of  that  fig, 
by  the  meeting  of  any  side,  as  ab,  with  the  prolongation  of  an  adjacent  Hide, 
as  c  •  ;  so  likewise  the  angles  e  as,  and  b  c  w.»  All  the  exterior  angles  of  any 
straight-lined  fig,  no  matter  how  many  sides  it  may  have,  amount  to  300° ; 

but  if  any  of  the  angles  are   re-entering,  ie,  pointing 

inwards,  as  g  ij,  the  supplements,  as  g  t  x.  corresponding  to  such,  must  be 
taken  as  nsgativs  or  minus  Thus  abd+bew  +  cas  —  360° ;  and  yhj  + 
sji  —  gi*  +  igw  =  360°.    Angles,  as  a,  b,  c,  g,  k,  and  J,  whioh  point  out- 

ward,  are  called  salient. 

b0£e 


any  given  point,  p,  on  a  line  *  t, 
to  draw  a  perp,  j>  a. 

From  p,  with  any  convenient  opening  of  the  dividers,  step  off  the 
equals  po,p$.  From  o  and  g  as  centers,  with  any  opening  greater 
than  half  o  g,  describe  the  two  short  arcs  6  and  c ;  and  join  a  p. 
Or  still  better,  describe  four  arcs,  and  join  a  y. 

Or  from  p  with  any  convenient  scale  describe  two 

short  arcs  g  and  «  either  one  of  them  with  a  radius  3,  and  the  other 
with  a  rad  4.    Then  from  g  with  rad  5  describe  the  arc  6.    Join  p  a. 


If  the  point  p  Is  at  one  end  of  the  Hue, 
or  very  near  it, 

Extend  the  line,  If  possible,  and  proceed  as  above.  But  If  this 
oannot  be  dene,  then  front  any  convenient  point,  w,  open  the  divid- 
ers to  as  and  describe  the  semicircle,  spo;  through  o  w  draw  o  w 
s;i(&nps* 

Or  use  the  last  foregoing  process  with 

rads  3,  4,  and  5. 


From  a  given  point,  o,  to  let  fall  a 
perp  o  «f  to  a  given  line,  m  n. 

From  o,  measure  to  the  line  m  n,  any  two  equal  dlsts,  ©  e, 
o  e ;  and  from  e  and  e  as  centers,  with  any  opening  greater 
than  half  of  c  e,  describe  the  two  arcs  a  and  6 ;  join  o  t.  Or 
from  any  point,  as  d  on  the  line,  open  the  dividers  to  o,  and 
describe  the  ore  o  g  \  make  i  m  equal  to  /  o ;  and  join  •  cs» 

•  An  exterior  untie  a  6  4,  or*  %$,  li  the  supplsment  (p  59) 
•f  the  laMi-M*  *n«l«  «  •  «.  or  #  h/.  «t  the  same  point  I,  or  X 
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If  the  line,  a  b,  Is  on  the  ground, 

And  a  perp  is  reqd  to  be  drawn  from  e,  first  measure  off  any  two 
equal  dlsts,  cm.cn.  Atm  and  n,  bold  the  euds  or  a  piece  of  string, 
tape  line,  or  ebaiu.  tutu;  then  tighten  out  the  string,  Ao,  as  shown 
by  m  s  n ;  «  beiug  its  center.  Then  will  «  c  be  the  reqd  perp.  Or  if 
the  perp  *  *  is  to  be  drawn  from  the  end  of  the  line  w  x,  first  measnrea  y 
upou  the  line,  and  equal  to  three  feet;  then  holding  the  end  or  a  tape, 
line  at  x,  and  its  nine  feet  mark  at  y,  hold  the  four  feet  mark  at  x,  keep- 
ing *  x  and  z  y  equally  stretched.  Then  zx  will  be  the  reqd  perp,  because 
8. 4,  nnd  5,  make  the  sides  or  a  right-angled  triangle.  Instead  of  8, 4,  and 
5,  any  multiples  of  those  numbers  may  be  used,  such  as  8,  8,  and  10 ;  or 
9, 12, 15,  &o:  also  instead  of  feet,  we  may  use  yards,  chains,  Ac. 


he  i 


Through  a  given  point,  a,  to  draw  a 
line,  «  e,  parallel  to  another  line, 

e  f. 

With  the  perp  dist,  a  «,  from  any  point,  «,  in  «/,  desoribe 
an  arc,  t ;  draw  a  c  just  touching  the  are. 


Or 


7^? 


n 


At  any  point,  a,  In  a  line  a  b, 
to  make  an  angle  en  ft, equal 
to  a  given  angle,  tnno. 

From  n  and  a,  with  any  convenient  rad,  describe 
Hie  arcs  $t,de;  measure  *  t,  and  make  e  d  equal 
to  it;  through  a  d  draw  a  e. 


To  bisect,  or  divide  any  angle,  wxy,  Into 
two  equal  parte. 

From  a;  set  off  any  two  equal  dists,  x  r,  x  «.  From  r  and  t  with  any  rad 
describe  two  arcs  intersecting,  as  at  o;  and  join  o  x.  If  the  twosMosof 
the  angle  do  not  meet,  as  c  /  and  g  *,  either  first  extend  them  until  they 
do  meet;  or  else  draw  lines  x  w,  and  xy,  parallel  to  them,  and  at  equal 
dists  from  them,  so  as  to  meet ;  then  proceed  as  before. 


All  angles,  as  n  a  »,  n  o  m,  at  the  clrcumf  of  a  semicircle,  and  stand- 
ing on  its  diam  n  m,  are  right  angles ;  or,  as  it  is  usually  expressed, 

all  angles  In  a  semlelrcle  are  right  angles. 

An  angle  n  s  x  at  the  centre  of  a  circle,  is  twice  as  great  as  an  angle  » 
m  x  at  the  ciroumf,  when  both  stand  upon  the  same  arc  n  x. 


A))  angles,  as  y  d  p,  y  e  p,  y  g  p,  at  the  clrottmf  of  a  circle,  and  standing 
open  the  same  arc.  as  y  »,  are  equal  to  eaoh  other;  or,  a*  usually  expressed, 

all  angles  In  the  same  segment  of  a  clrelenre 
equal. 


The  complement  of  an  angle  Is  what  it  lacks  of  90°.  Thus,  the  com- 
plemeut  of  80°  is  90°  —  80°  =  10° ;  and  that  of  210°  is  90°  —  210°  -  — 130°. 
The  rapplemept  of  an  angle  is  what  it  lacks  of  180°.  Thus,  the  supple- 
ment  of  80©  is  180° — 80°  at  1©0° ;  and  that  of  410°  Is  180°  —  310°  -  —  40°. 
But  ordinarily  we  may  neglect  the  signs  4-  and  — .  before  complements  snd 
supplements,  and  call  the  complement  of  an  angle  Us  dig  from  90°  *  and 
the  supplement  Its  dig  from  180°. 


Aaajles  In  i»  Parallelogram. 

A  |an]lvlogmiR  it  any  four-ridM  atttlgbt-ttaed  flg- 

between  2  oppoMtt*  angles  ix  called  a  ikayoral,  u  a  c. 


Hagi  biMrtcwh  olhBr;  the;  •]«  divide  the  mmlfel- 


T*  rnlDft  MlnntH  awl  Second*  to  Decrees  and  decimal* 
•f  a  Degree,  etc. 

Number  of  degiena  =  Numtrnr  of  mlnuiis  +  m. 

Number  at  ml  an  tea  —  Number  of  degrees  x  00. 

Number  of  seconds  =  Number  of  degree*  x  3G00. 

Table  of  Minute*  aa<t  Meeaada  In  decimals  of  a  Degree. 


Dd. 

_. 

i»i 

*! 

1 

1 
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ANGLES. 


Approximate  Measurement  of  Angles. 

(1)  The  four  finjrera  of  the  hand,  held  at  right  angles  to  the  arm  and 

at  arm's  length  from  the  eye,  cover  about  7  degrees.  And  an  angle  of  7°  corre- 
sponds to  about  12.2  feet  in  100  feet ;  or  to  36.6  feet  in  100  yards;  or  to  646  feet  in  a 
mile. 

(2)  By  means  of  a  two-foot  rale,  either  on  a  drawing  or  between  dis- 
tant objects  in  the  field.  If  the  inner  edges  of  a  common  two-foot  rule  be  opened 
to  the  extent  shown  in  the  column  of  inches,  they  will  be  inclined  to  each  other 
at  the  angles  shown  in  the  column  of  augles.  Since  an  opening  of  }A  inch  (up 
to  19  inches  or  about  105°)  corresponds  to  from  about  W3  to  1°,  no  great  accuracy- 
is  to  be  expected,  and  beyond  105°  still  less;  for  the  liability  to  error  then  in- 
creases very  rapidly  as  the  opeuing  becomes  greater.  Thus,  the  last  Y%  inch  cor- 
responds to  about  12°. 

Angles  for  openings  intermediate  of  those  given  may  be  calculated  to  the 
nearest  minute  or  two,  by  simple  proportion,  up  to  23  inches  of  opening,  or 
about  147°. 

Table  of  Angles  corresponding  to  openings  of  a  2-foot  rule. 

(Original). 

Comet. 


Ins.  J 

Deg".  min. 

las. 

Deg.  min. 

Ins. 

Deg.  min. 

Ins. 

Deg.  min. 

Ins. 

Deg.  min. 

Ins. 

Deg.  min. 

X 

1 

12 

*X 

20 

24 

8X 

40 

18 

12* 

61 

28 

MX 

85 

14 

20X 

115  6 

1 

48 

21 

40 

61 

62 

5 

86 

3 

116  12 

X 

2 

24 

X 

21 

87 

X 

41 

29 

X 

62 

47 

X 

86 

62 

X 

117  2ft 

8 

00 

22 

13 

42 

7 

63 

28 

87 

41 

118  30 

H 

8 

86 

H 

22 

50 

H 

42 

46 

H 

64 

11 

H 

88 

31 

H 

119  40 

4 

11 

23 

27 

43 

24 

64 

68 

89 

21 

120  62 

1 

4 

47 

5 

24 

3 

9 

44 

8 

13 

65 

35 

17 

90 

12 

21 

122  6 

6 

23 

24 

89 

44 

42 

66 

18 

91 

8 

123  20 

X 

& 

58 

X 

25 

16 

X 

45 

21 

X 

67 

1 

X 

91 

54 

X 

124  IS 

6 

34 

25 

53 

45 

59 

67 

44 

92 

46 

125  54 

X 

7 

10 

X 

26 

30 

X 

46 

88 

X 

68 

28 

X 

93 

38 

X 

127  14 

7 

46 

27 

7 

47 

17 

«9 

12 

94 

31 

126  36 

H 

8 

22 

H 

27 

44 

X 

47 

56 

H 

69 

55 

X 

95 

24 

H 

129  59 

8 

58 

28 

21 

48 

85 

70 

88 

96 

17 

131  26 

3 

9 

84 

6 

28 

58 

10 

49 

15 

14 

71 

22 

18 

97 

11 

22 

132  68 

10 

10 

29 

35 

49 

54 

72 

6 

98 

6 

184  24 

X 

10 

46 

X 

80 

11 

X 

50 

34 

X 

72 

51 

X 

99 

00 

X 

135  58 

11 

22 

80 

49 

51 

13 

78 

86 

99 

66 

137  3T» 

X 

11 

58 

X 

81 

26 

X 

51 

53 

X 

74 

21 

X 

100 

61 

X 

139  hf 

12 

84 

82 

3 

52 

83 

75 

6 

101 

48 

141  1 

H 

18 

10 

H 

82 

40 

H 

53 

13 

H 

75 

51 

H 

102 

45 

H 

142  5/ 

13 

46 

83 

17 

58 

63 

76 

86 

103 

48 

144  46 

8 

14 

22 

7 

83 

54 

u 

54 

34 

15 

77 

22 

19 

104 

41 

23 

146  48 

14 

58 

84 

33 

56 

14 

78 

8 

105 

40 

148  SB 

X 

15 

84 

X 

85 

10 

X 

66 

65 

X 

78 

54 

X 

106 

89 

X 

151  ir 

16 

10 

85 

47 

66 

85 

79 

40 

107 

40 

153  48 

X 

16 

46 

X 

86 

25 

X 

57 

g 

X 

.  80 

27 

X 

108 

41 

X 

156  31 

17 

22 

37 

8  ' 

57 

81 

14 

109 

43 

159  4* 

H 

17 

59 

H 

37 

41 

H 

58 

88 

H 

82 

2 

H 

110 

46 

H 

168  27 

18 

35 

88 

19 

59 

19 

82 

49 

111 

49 

168  18 

4 

19 

12 

8 

88 

67 

12 

60 

00 

16 

83 

37 

20 

112 

63 

24 

180  00 

19 

48 

89 

85 

60 

41 

84 

26 

113 
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(3)  With  the  same  table,  using  feet  instead  of  inche's.  From 
any  point  measure  12  feet  toward  *  each  object,  and  place  marks.  Measure  the 
distance  in  feet  between  these  marks.  Suppose  the  first  column  in  the  table  to 
be  feet  instead  of  inches.    Then  opposite  the  distance  in  feet  will  be  the  angle. 


"%  foot  =  1.5  inches. 


1  in.   =  .083  ft. 

2  ins.  =  .167  ft. 

3  ins.  =  .23  ft. 


4  ins. 

5  ins. 

6  ins. 


=  .333  ft. 
=  .416  fr. 
*=  .5  ft. 


7  ins.  -=  .583  ft. 

8  ins.  =  .667  ft. 

9  ins.  =  .75  ft. 


10  ins.  =s    .833  ft. 

11  ins.  =    .917  ft. 

12  ins.  =  1.0  ft. 


(4)  Or,  measure  toward  *  each  object  100  or  any  other  number  of 
feet,  and  place  marks.    Measure  the  distance  in  feet  between  the  marks.    Then 


Sine  of  half 
the  angle 


half  the  distance  between  the  marks 

the  distance  measured  toward  one  of  the  objects 


Find  this  sine  in  the  table  pp.  60,  etc.;  take  out  the  corresponding  angle  and 
multiply  it  by  2 
(5)  See  last  paragraph  of  foot-note,  pp.  114  and  115. 


•  If  it  is  inconvenient  to  measure  toward  the  objects,  measure  directly  from  them. 


SINES,   TANGENTS.  ETC. 
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Sines,  Tangents,  Ac. 

Silt®,  a  t .  of  any  angle,  a  e  ft,  or  which  is  the  same  thing,  the  sine  of  any  circular  aro,  a  6, 
which  subtend*  or  measures  the  angle,  in  a  straight  line  drawn  from  one  end,  as  a,  of  the  are,  at  right 
angles  to,  and  terminating  at,  the  rad  c  ft,  drawn  to  the  other  end  ft  of  the  are.  It  Is,  therefore,  equal 
to  half  the  chord  <*  n,  of  the  aro  abn,  which  is  equal  to  twice  the  are  ab;  or,  the  sine  of  an  angle  is 
always  equal  to  half  the  chord  of  twlee  that  angle;  and  vice  versa,  the  chord  of  an  angle  Is  always 
equal  to  twice  the  sine  of  half  the  angle. 
The  sine  t  c  of  an  angle  <c  ft,  or  of  an  are 
ta  b,  of  90°,  in  equal  to  the  rad  or  the  are 
yr  of  the  circle ;  uud  this  sine  of  90°  is 
▼reater  than  that  of  any  other  **ngte. 

Cosine  e  *  of  an  angle  acb, 

is  that  part  of  the  rad  which  lies  between 
the  sine  and  the  oeuXer  of  the  circle.  It 
is  always  equal  to  the  sine  y  a  of  the 
complement  c  e  a  of  a  e  b ;  or  of  what  a 
c  b  wants  or  being  90°.  The  prefix  ta  be- 
fore sines,  Ac,  means  complement ;  thus, 
cosine  means  sine  of  the  complement. 

Versed  sine  *  o  of  any  angle 

a  e  fr,  la  that  part  of  the  diam  which  lies 
between  the  sine,  and  the  outer  end  ft. 
It  is  Tery  common,  bat  erroneous,  when 
speaking  of  bridges,  Aa,  to  call  the  rise 
or  height  s  6  of  a  circular  arch  a  ft  n,  its 
versed  sine;  while  it  is  actually  the  versed 
sine  of  only  half  the  arch.  This  absurdity 
should  oease;  for  the  word  rise  or  height 
is  not  only  more  expreasive,but  is  correct. 

Tangent  oworatf,  of  anyangle 

a  e  ft.  is  a  line  drawn  from,  and  at  right 
angles  to,  the  end  ft  or  a  of  either  rad  c  ft, 
or  c  a,  which  forms  one  of  the  legs  of  the 
angle ;  and  terminating  as  xt  w,  or  <J,  in 
the  prolongation  of  the  rad  which  forms 
the  other  leg.  This  last  rad  thus  pro- 
longed, that  is,  c  w,  or  e  d,  as  the  case  may 

be,  is  the  secant  of  the  angle 

a  e  ft.    The  angle  reft  being  sopposed 

^  be.equil>  *°  *!f:^he  .*ng,c  '  c--  b*»«»e«  the  complement  of  the  angle  a  c  b,  or  what  «  c  ft  wants 
of  being  00°;  and  the  sine  y  a  of  this  complement ;  its  versed  sine  t  g ;  Its  tangent  to ;  and  its  secant 
e  o,  are  respectively  the  co  sine,  co-versed  sine;  co-tangent;  and  co-secant,  of  the  angle  a  c  ft.  Or 
vice  versa,  the  sine,  Ac,  of  a  c  6.  are  the  cosine,  Ae,  ot  tea;  because  the  angle  a  c  ft  is  the  compl* 
ment  of  the  angle  t  e  a.  When  the  rad  c  6,  c  a,  or  c  t,  is  assumed  to  be  equal  to  unity,  or  I,  the  cor- 
responding sines,  tangents,  Ac,  are  called  natural  ones;  and  their  several  lengths  for  diff  angles, 
for  said  rad  of  unity,  have  been  calculated :  constituting  the  well-known  tables  of  nat  sines,  Ac.  Ta 
any  circle  whose  rad  is  either  larger  or  smaller  than  1,  the  sines,  Ac,  of  the  angles  will  be  in  the 
same  proporliou  larger  or  smaller  than  those  in  the  tables,  and  are  consequently  found  by  mult  the 
sine,  Ac,  of  the  table,  by  said  larger  or  smaller  rad. 

The  following-  table  of  natural  sines.  Ac,  does  not  contain  nat 
versed  sines,  co-versed  sines,  secants,  nor  cosecants,  but  these  may  be  found  thus ; 
for  any  angle  not  exceeding  90  degrees. 

Versed  Sine.    Prom  1  take  the  nat  cosine. 
Co-verted  Sine.    From  1  take  the  nat  sine. 
Seeant.    Divide  1  by  the  nat  cosine. 
OoeecanL    Divide  1  by  the  nat  sine. 

^  F*r  aajrlea  exceedbur  90°  |  to  find  the  sine,  cosine,  tangent,  cotang,  secant,  or  cosec,  (but  t,  i» 
the  versed  sine  or  co-versedstue),  take  the  angle  from  180° :  if  between  180°  and  270°  take  180°  from 
the  angle ;  if  bet  270°  and  960°,  take  the  angle  from  360°.  Then  in  each  case  take  from  the  table  the 
■ine,  cosine,  tang,  or  cotang  of  the  remainder.  Find  its  secant  or  cosec  as  directed  above.  For  ike 
versed  sine;  if  between  90°and  270°,  add  eosine  to  1 :  If  bet  270°  and  360°,  take  cosine  from  1.  f  The 
engineer  seldom  needs  sines,  Ac,  exceeding  180°. 

To  find  the  nat  sine,  eosine,  tans,  secant,  versed  sine,  «fte, 
of  an  angle  containing*  seconds.    First  find  that  duo  to  the  given  deg 

and  min ;  then  the  next  greater  one.    Take  their  diff.    Then  as  60  sec  are  to  this  diff,  so  are  the  phs 

only  of  the  given  angle  to  a  dec  quantity  to  be  added  to  the  one  first  taken  out 
if  it  is  a  sine,  tang,  secant,  Ac ;  or  to  be  subtracted  from  it  if  it  is  a  cosine, 
cotang,  cosecant,  Ac 

The  tangents  in  the  table  are  strict  trigonometrical  ones;  that  is, 
tangents  to  given  angles;  and  which  must  extend  to  meet  the  secants  of  the  angles 
to  which  they  belong.  Ordinary,  or  geometrical  tangents,  as  those  on 
p  124,  may  extend  as  far  as  we  please.  In  the  field  practice  of  railroad 
curves,  two  trigonometrical  tangents  terminate  where  they  meet  each  other. 
Kach  of  these  tangs  is  the  tang  of  half  the  curve.  It  is  usually,  but  improperly, 
called  "  the  tang  of  the  curve,"*  "Apex  dist  of  the  curve,"  as  suggested  by  Mr 
Sbunk,  would  be  better. 
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The  table  ofchords,  below,  furnishes  the  means  of  laying  down  angles  On 
paper  more  accurately  than  by  an  ordinary  protractor.  To  do  this,  after  having  drawn 
and  measured  the  first  side  (say  a  c)  of  the  figure  that  is 
to  be  plotted ;  from  its  end  c  as  a  center,  describe  an  arc 
nyof  a  circle  of  sufficient  extent  to  subtend  the  angle  at 
that  point.  The  rad  era  with  which  the  arc  is  described 
should  be  as  great  as  convenience  will  permit ;  and  it  is  to 
be  assumed  as  unity  or  I ;  and  must  be  decimally  divided, 
and  subdivided,  to  be  used  as  a  scale  for  laying  down  the 
chords  taken  from  the  table,  in  which  their  lengths  are 
given  in  parts  of  said  rad  I.  Having  described  the  arc,  find 
in  the  table  the  length  of  the  chord  n  t  corresponding  to 
the  angle  act.  Let  us  suppose  this  angle  to  be  46°;  then 
we  find  that  the  tabular  chord  is  .7654  of  our  rad  1.  There- 
fore from  n  we  lay  off  the  chord  nt,  equal  to  .7654  of  our  radius-scale ;  and  the  line 
c$  drawn  through  the  point  t  will  form  the  reqd  angle  act  of  45°.  And  so  at  each 
angle.  The  degree  of  accuracy  attained  will  evidently  depend  on  the  length  of  the 
rad,  and  the  neatness  of  the  drafting.  The  method  becomes  preferable  to  the  com- 
mon protractor  in  proportion  as  the  lengths  of  the  sides  of  the  angles  exceed  the  rad 
of  the  protractor.  With  a  protractor  of  4  to  6  ins  rad,  and  with  sides  of  angles  not 
much  exceeding  the  same  limits,  the  protractor  will  usually  be  preferable.  The  di- 
viders in  boxes  of  instruments  are  rarely  fit  for  accurate  arcs  of  more  than  about  6 
ins  diam.  In  practice  it  is  not  necessary  to  actually  describe  the  whole  arc,  but 
merely  the  portion  near  t,  as  well  as  can  be  judged  by  eye.  We  thus  avoid  much  use 
of  the  India-rubber,  and  dulling  of  the  pencil-point.  For  larger  radii  we  may  dis- 
pense with  the  dividers,  and  use  a  straight  strip  of  paper  with  the  length  of  the  rad 
marked  on  one  edge ;  and  by  laying  it  from  c  toward  «,  and  at  the  same  time  placing 
another  strip  (with  one  edge  divided  to  a  radius-scale)  from  n  toward  t,  we  can 
by  trial  find  their  exact  point  of  intersection  at  the  required  point  t.  Tn  such  mat- 
ters, practice  and  some  ingenuity  are  very  essential  to  satisfactory  results.  We  can- 
not devote  more  space  to  the  subject. 


CHORDS  TO  A  RADIUS  1. 


M. 

0° 

1° 

a° 

8° 

4° 

5° 

0° 

7° 

8° 

9° 

1©° 

M. 

C 

.0000 

.0176 

.0349 

.0524 

.0898 

.0872 

.1047 

.1221 

.1395 

.1569 

.1743 

0' 

2 

.0006 

.0180 

.0855 

.0529 

.0704 

.0878 

.1053 

.1227 

.1401 

.1575 

.1749 

3 

4 

.0012 

.0188 

.0381 

.0535 

.0710 

.0884 

.1058 

.1233 

.1407 

.1581 

.1755 

4 

6 

.0017 

.0192 

.0386 

.0541 

.0115 

.0890 

.1064 

.1238 

.1413 

.1587 

.1761 

6 

8 

.0023 

.0188 

.0372 

.0547 

.0721 

.0896 

.1070 

.1244 

.1418 

.1592 

.1766 

8 

10 

.0020 
.0036 

.0301 

.0378 

.0553 

.0727 

.0901 

.1076 

.1250 

.1424 

.1598 

.1772 

10 

13 

.0300 

.0384 

.0558 

.0733 

.0907 

.1082 

.1256 

.1430 

.1604 

.1778 

12 

14 

.0041 

.0315 

.0380 

.0584 

.0739 

.0913 

.1087 

.1262 

.1436 

.1610 

.1784 

14 

16 

.0047 

.0221 

.0388 

.0570 

.0745 

.0919 

.1093 

.1267 

.1442 

.1616 

.1789 

16 

18 

.0063 

.0227 

.0401 

.0576 

.0750 

.0925 

.1099 

.1273 

.1447 

.1621 

.1785 

18 

SO 

.0058 

.0233 

.0407 

.0582 

.0756 

.0931 

.1105 

.1279 

.1453 

.1627 

.1801 

20 

33 

.0064 

.0289 

.0113 

.0588 

.0762 

.0936 

.1111 

.1285 

.1459 

.1633 

.1807 

22 

34 

.0070 

.0244 

.0419 

.0503 

.0768 

.0942 

.1116 

.1291 

.1465 

.1839 

.1813 

24 

38 

.0078 

.0250 

.0425 

.0589 

.0774 

.0948 

.1122 

.1296 

.1471 

.1645 

.1818 

26 

28 

.0081 

.0256 

.0430 

.0605 

.0779 

.0854 

.1128 

.1302 

.1476 

.1650 

.1824 

28 

80 

.0087 

.0262 

.0486 

.0611 

.0785 

.0960 

.1134 

.1308 

.1482 

.1656 

.1830 

80 

83 

.0003 

.0288 

.0442 

.0617 

.0791 

.0965 

.1140 

.1314 

.1488 

.1662 

.1838 

32 

84 

.0080 

.0273 

.0448 

.0822 

.0797 

.0971 

.1145 

.1320 

.1494 

.1668 

.1842 

34 

88 

.0106 

.0279 

.0454 

.0628 

.0803 

.0977 

.1151 

.1325 

.1500 

.1874 

.1847 

36 

88 

.0111 

.0285 

.0480 

.0834 

.0808 

.0983 

.1157 

.1331 

.1505 

.1679 

.1853 

38 

40 

.0116 
.0123 

.0291 

.0485 
.0471 

.0840 

.0614 

.0989 

.1163 

.1337 

.1611 

.1685 

.1859 

40 

43 

.0297 

.0846 

.0820 

•0994 

.1169 

.1343 

.1617 

.1891 

.1865 

42 

44 

.0128 

.0303 

.0477 

.0851 

.0826 

.1000 

.1175 

.1349 

.1523 

.1897 

.1871 

44 

48 

.0194 

.0308 

.0483 

.0857 

.0832 

.1006 

.1180 

.1355 

.1529 

.1703 

.1876 

48 

48 

.0140 

.0314 

.0489 

.0663 

.0838 

.1012 

.1186 

.1380 

.1534 

.1708 

.1882 

48 

60 

.0145 
.0151 

.0830 

.0494 

.0689 

.0843 

.1018 

.1192 

.1366 

.1540 

.1714 

.1888 

50 

83 

.0836 

.0500 

.0675 

.0849 

.1023 

.1198 

.1373 

.1546 

.1730 

.1894 

53 

54 

.0157 

.0382 

.0606 

.0881 

.0855 

.1029 

.1204 

.1378 

.1552 

.1726 

.1900 

54 

68 

.0188 

.0337 

.0612 

.0688 

.0861 

.ire» 

.1209 

.1384 

.1558 

.1732 

.1905 

58 

68 

.0188 

.0343 

.0618 

.0892 

.0867 

.1041 

.1215 

.1389 

.1568 

.1737 

.1911 

58 

80 

.0175 

.0349 

.0524 

.0808 

.0872 

.1047 

.1221 

.1385 

.1569 

.1743 

.1917 

00 
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Table  of  Chords,  in  parts  of  a  rad  1;  for  protracting-— Continued 


M. 

11° 

12° 

18° 

14° 

15° 

16° 

17° 

18° 

19° 

ao° 

M. 

0' 

.1917 

.2091 

.2264 

.2437 

.2611 

.2783 

•20oo 

.31* 

.8301 

.3473 

0* 

S 

.1923 

.2096 

.2270 

.2443 

.2616 

.2789 

.2983 

.3134 

.8307 

.3479 

s 

i 

.1928 

.2102 

.2276 

.2449 

.2622 

.2796 

.2968 

.8140 

.8312 

.8484 

4 

6 

,1934 

.2108 

.2281 

.2455 

.2628 

.2801 

.2973 

.8146 

.3318 

.8490 

6 

8 

.1940 

.2114 

.2287 

.2460 

.2634 

.2807 

.2979 

.3152 

.3324 

.3496 

8 

10 

.1946 

.2119 

.2293 

.2466 

.2639 

.2812 

.2985 

.815T 

.3330 

.8602 

10 

12 

.1952 

.2125 

.2299 

.2472 

.2645 

.2818 

.2991 

.8163 

.8335 

.3607 

12 

14 

.1957 

.2131 

.2305 

.2478 

.2651 

.2824 

.2996 

.3169 

.3341 

.3513 

14 

16 

.1963 

.2137 

.2310 

.2484 

.2657 

.2830 

.3002 

.3175 

.8347 

.3519 

16 

18 

.1969 

.2143 

.2316 

.2489 

.2662 

.2835 

.8008 

.3180 

.3353 

.3626 

18 

20 

.1975 

.2148 

.2322 

.2495 

.2668 

.2841 

.3014 

.8186 

.8358 

.3630 

20 

22 

.1981 

.2154 

.2328 

.2501 

.2674 

.2847 

.3019 

.3192 

.3364 

.3536 

22 

24 

.1986 

.2160 

.2333 

.2507 

.2680 

.2853 

.8025 

.3198 

.3370 

.3542 

24 

26 

.1992 

.2166 

.2339 

.2512 

.2685 

.2858 

.3031 

.8203 

.3376 

.3547 

26 

28 

.1998 

.2172 

.2345 

.2518 

.2691 

.2864 

.3037 

.8209 

.8381 

.3563 

28 

80 

.2004 

.2177 

.2351 

.2524 

.2697 

.2870 

.8042 

.3215 

.3387 

.3659 

SO 

32 

.2010 

.2183 

.2357 

.2530 

.2703 

.2876 

.3048 

.3221 

.3393 

.3566 

32 

34 

.2015 

.2189 

.2362 

.2536 

.2709 

.2881 

.8054 

.8226 

.8898 

.8570 

84 

86 

.2021 

.2195 

.2368 

.2541 

.2714 

.2887 

.3060 

.3232 

.3404 

.3676 

86 

88 

.2027 

.2200 

.2374 

.2547 

.2720 

.2893 

.3066 

.3288 

.8410 

.8582 

88 

40 

.2033 

.2206 

.2380 

.2553 

.2726 

.2899 

.3071 

.3244 

.3416 

.3687 

40 

42 

.2038 

.2212 

.2385 

.2559 

.2732 

.2904 

.8077 

.3249 

.3421 

.8593 

42 

44 

.2044 

.2218 

.2391 

.2564 

.2737 

.2910 

.8083 

.3255 

.3427 

.3699 

44 

46 

.2050 

.2224 

.2397 

.2570 

.2743 

.2916 

.3088 

.3261 

.3433 

.3605 

46 

48 

.2056 

.2229 

.2403 

.2576 

.2749 

.2922 

.3094 

.8267 

.3439 

.3610 

48 

50 

.2062 

.2235 

.2409 

.2582 

.2755 

.2927 

.3100 

.3272 

.3444 
.3450 

.3616 

60 

52 

.206T 

.2241 

.2414 

.2587 

.2760 

.2933 

.8106 

.3278 

.3622 

62 

64 

.2073 

.2247 

.2420 

.2593 

.2766 

.2939 

.3111 

.8284 

.3456 

.3628 

64 

56 

.2079 

.2253 

.2426 

.2599 

.2772 

.2945 

.8117 

.3289 

.3462 

.3633 

66 

58 

.2085 

.2258 

.2432 

.2605 

I  .2778 

.2950 

.3123 

.3295 

.3467 

.3639 

68 

60 

.2091 

.2264 

.2437 

.2611 

.2783 

.2956 

.3129 

.3301 

.3473 

.3645 

68 

H. 

21° 

22° 

28° 

24° 

25° 

26° 

27° 

28° 

29° 

80° 

M. 

0' 

.3645 

.3816 

.3987 

.4158 

.4329 

.4499 

.4669 

.4838 

.5008 

.6176 

0' 

2 

.3650 

.3822 

•395X1 

.4164 

.4334 

.4505 

.4675 

.4844 

.5013 

.6182 

2 

4 

.3656 

.3828 

.3999 

.4170 

.4340 

.4510 

.4680 

.4850 

.5019 

.5188 

4 

6 

.8662 

.3833 

.4004 

.4175 

.4346 

.4516 

.4686 

.4855 

.5024 

.5193 

6 

8 

.3668 

.3839 

.4010 

.4181 

.4352 

.4522 

.4692 

.4861 

.5030 

.5199 

8 

10 

.3678 

.3845 

.4016 

.4187 

.4357 

.4527 

.4697 

.4867 

.5036 

.6204 

10 

12 

.3679 

.3850 

.4022 

.4192 

.4363 

.4533 

.4703 

.4872 

.5041 

.6210 

12 

14 

.3685 

.3858 

.4027 

.4198 

.4369 

.4539 

.4708 

.4878 

.5047 

.6216 

14 

16 

.3690 

.3862 

.4033 

.4204 

.4374 

.4544 

.4714 

.4884 

.5053 

.6221 

16 

18 

.3696 

.3868 

.4039 

.4209 

.4880 

.4550 

.4720 

.4889 

.5058 

.5227 

18 

20 

.3702 

.3873 

.4044 

.4215 

.4386 

.4556 

.4725 

.4895 

.5064 

.5233 

20 

22 

.3708 

.3879 

.4050 

.4221 

.4391 

.4561 

.4731 

.4901 

.5070 

.5238 

22 

24 

.8713 

.3885 

.4056 

.4226 

.4897 

.4567 

.4737 

.4906 

.5075 

.5244 

24 

26 

.3719 

.3890 

.4061 

.4232 

.4403 

.4573 

.4742 

.4012 

.5081 

.5249 

26 

28 

.3725 

.3896 

.4067 

.4238 

.4408 

.4578 

.4748 

.4917 

.5086 

.5265 

28 

SO 

.3730 

.3902 

.4073 

.4244 

.4414 

.4584 

.4754 

.4923 

.5092 

.5261 

SO 

32 

.3736 

.3908 

.4079 

.4249 

.4420 

.4590 

.4759 

.4929 

.5098 

.5266 

32 

34 

.3742 

.3913 

.4084 

.4255 

.4425 

.4595 

.4765 

.4934 

.5103 

.5272 

34 

36 

.3748 

.3919 

.4090 

.4261 

.4431 

.4601 

.4771 

.4940 

.5109 

.5277 

36 

88 

.3753 

.3925 

.4096 

.4266 

.4437 

.4607 

.4776 

.4946 

.5115 

.6283 

38 

40 

.3759 

.3930 

.4101 

.4272 

.4442  • 

.4612 

.4782 

.4951 

.5120 

.6289 

40 

42 

.3765 

.3936 

.4107 

.4278 

.4448 

.4618 

.4788 

.4957 

.5126 

.5294 

42 

44 

.8770 

.8942 

.4113 

.4283 

.4454 

.4624 

.4793 

.4963 

.5131 

.6800 

44 

46 

.3776 

.3947 

.4118 

.4289 

.4459 

.4629 

.4799 

.4968 

.5137 

.6306 

46 

48 

.3782 

.3953 

.4124 

.4295 

.4465 

.4635 

.4805 

.4974 

.5143 

.6311 

48 

60 

.8788 

.3959 

.4130 

.4300 

.4471 

.4641 

.4810 

.4979 

.5148 

.6317 

60 

52 

.8798 

.3965 

.4135 

.4306 

.4476 

.4646 

.4816 

.4986 

.5154 

.5322 

52 

54 

.8799 

.8970 

.4141 

.4812 

.4482 

.4652 

.4822 

.4991 

.5160 

.6328 

64 

56 

.3805 

.3976 

.4147 

.4317 

.4488 

.4658 

.4827 

•49Bo 

.5165 

.5334 

66 

58 

.3810 

.8982 

.4153 

.4323 

.4493 

.4663 

.4833 

.6002 

.6171 

.5339 

58 

60 

.3816 

.3987 

.4158 

.4329 

.4499 

.4669 

.4838 

.6008 

.5176 

.5345 

60 

TABLE  OF  CHORDS. 
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Table  of  chords,  in  parts  of  a  rad  1;  for  protracting— Continued 


M. 

31° 

3«° 

33° 

34° 

35° 

36° 

37° 

38° 

311° 

40° 

M. 

0' 

.6345 

.5513 

.5680 

.5847 

.6014 

.6180 

.6346 

.6511 

.6676 

.6840 

0 

2 

.6350 

.5518 

.5686 

.5853 

.6020 

.6186 

.6352 

.6517 

.6682 

.6846 

2 

4 

.5356 

.5524 

.5691 

.5859 

.6025 

.6191 

.6357 

.6522 

.6687 

.6851 

4 

6 

.5362 

.5530 

.5697 

.5864 

.6031 

.6197 

.6363 

.6528 

.6693 

.6857 

6 

8 

.5367 

.5535 

.5703 

.5870 

.6036 

.6202 

.6368 

.6533 

.QOVB 

.6862 

8 

10 

.5373 

.5541 

.5708 

.5875 

.6012 

.6208 

.6374 

.6539 

.6704 

HftftW 
•  UOOO 

10 

13 

.5378 

.5546 

.5714 

.5881 

.6047 

.6214 

.6379 

.6544 

.6709 

.6873 

12 

14 

.5384 

.5552 

.5719 

.5886 

.6053 

.6219 

.6385 

.6560 

.6715 

.6879 

14 

16 

.5390 

.5557 

.5725 

.5892 

.6058 

.6225 

.6390 

.6556 

.6720 

sUtfii. 

16 

18 

.5395 

.5563 

.5730 

.5897 

.6064 

.6230 

.6396 

.6561 

.6725 

.6890 

18 

20 

.5401 

.5569 

.5736 

.5903 

.6070 

.6236 

.6401 

.6566 

.6731 

.6895 

20 

12 

.5406 

.5574 

.5742 

.5909 

.6075 

.6241 

.6407 

.6572 

.6736 

.6901 

22 

24 

.5412 

.5580 

.6747 

.5914 

.6081 

.6247 

.6412 

.6577 

.6742 

.6906 

24 

36 

.5418 

.5585 

.5753 

.5920 

.6086 

.6252 

.6418 

.6583 

.6747 

.6911 

26 

28 

.5423 

.5591 

.6758 

.5926 

.6032 

.6258 

.6423 

.6588 

.6753 

.6917 

28 

SO 

.5429 

.5597 

.5764 

.5931 

.6097 

.6263 

.6429 

.6594 

.6758 

.6922 

30 

32 

.5434 

.5602 

.5769 

.5936 

.6103 

.6269 

.6434 

6599 

.6764 

.6928 

32 

34 

.5440 

.5608 

.5775 

.5942 

.6108 

.6274 

.6440 

.6605 

.6769 

.6933 

34 

36 

.5446 

.5613 

.5781 

.5947 

.6114 

.6280 

-.6445 

6610 

.6775 

.6939 

36 

38 

.5451 

.5619 

.5786 

.5953 

.6119 

.6286 

.6451 

.6616 

.6780 

.6944 

38 

40 

.5457 

.5625 

.5792 

.5959 

.6125 

.6291 

.6456 

.6621 

.6786 

.6950 

40 

42 

.5482 

.5630 

.5797 

.6964 

.6130 

.6296 

.6462 

.6627 

.6791 

.6955 

42 

44 

.5468 

.5636 

.5803 

.5970 

.6136 

.6302 

.6467 

.6632 

.6797 

.6961 

44 

48 

.5474 

.5641 

.5806 

.5975 

.6142 

.6307 

.6473 

.6638 

.6802 

•wTOD 

46 

48 

.5479 

.5647 

.5814 

.5981 

.6147 

.6318 

.6178 

.6643 

.6808 

.6971 

48 

60 

.5485 

.5652 

.5820 

.5988 

.6153 

.6318 

.6484 

.6649 

.6813 

.6977 

50 

62 

.5490 

.5658 

.5825 

.5992 

.6158 

.6324 

.6489 

.6654 

.6819 

.6982 

52 

64 

•54*6 

.5664 

.5831 

.6997 

.6164 

.6330 

.6495 

.6660 

.6824 

.6988 

54 

66 

.5502 

•ooo9 

.5836 

.6003 

.6169 

.6335 

.6500 

.6665 

.6829 

.6993 

66 

68 

.5507 

.5675 

.5842 

.6009 

.6175 

.6341 

.6506 

.6671 

.6835 

.6999 

58 

60 

.5513 

.5680 

.5847 

.6014 

.6180 

.6346 

.6511 

.6676 

.6840 

.7004 

60 

M. 

41° 

4«° 

43° 

44° 

45° 

40° 

47° 

48° 

49° 

50° 

M. 

0' 

.7004 

.7167 

.7330 

.7492 

.7654 

.7815 

.7975 

.8135 

.8294 

.8452 

0' 

2 

.7010 

.7173 

.7335 

.7498 

.7659 

.7820 

.7980 

.8140 

.8299 

.6458 

2 

4 

.7015 

.7178 

.7341 

.7503 

.7664 

.7826 

.7986 

.8145 

.8304 

.8463 

4 

6 

.7020 

.7184 

.7346 

.7508 

.7670 

.7831 

.7991 

.8151 

.8310 

.8468 

6 

8 

.7026 

.7189 

.7352 

.7514 

.7675 

.7836 

.7996 

.8156 

.8315 

.8473 

8 

10 

.7031 

.7195 

.7357 

.7519 

.7681 

.7841 

.8002 

.8161 

.8320 

.8479 

10 

12 

.7087 

.7260 

.7362 

.7524 

.7686 

.7847 

.8007 

.8167 

.8326 

»o40* 

12 

14 

.7042 

.7205 

.7368 

.7630 

.7691 

.7852 

.8012 

.8172 

.8331 

.8489 

14 

16 

.7048 

.7211 

.7878 

.7535 

.7697 

.7857 

.8018 

.8177 

.8336 

.8495 

16 

18 

.7053 

.7216 

.7379 

.7541 

.7702 

.7863 

.8023 

.8183 

.8341 

.8500 

18 

SO 

.7059 

.7222 

.7384 

.7548 

.7707 

.7868 

.8028 

.8188 

.8347 

.8505 

20 

22 

.7084 

.7227 

.7390 

.7551 

.7713 

.7873 

.8034 

.8193 

.8352 

.8510 

22 

14 

.7069 

.7232 

.7896 

.7557 

.7718 

.7879 

.8039 

.8198 

.8357 

.8516 

24 

96 

.7075 

.7238 

.7400 

.7562 

.7723 

.7884 

.8044 

.8204 

.8363 

.8521 

26 

28 

.7080 

.7243 

.7406 

•7&Oo 

.7729 

.7890 

.8050 

.8209 

.8368 

.8526 

28 

90 

.7086 

.7249 

.7411 

.7573 

.7734 

.7895 

.8055 

.8214 

.8373 

.8531 

30 

92 

.7091 

.7264 

.7417 

.7578 

.7740 

.7900 

.8000 

.8220 

.8378 

.8537 

32 

64 

.7097 

.7260 

.7422 

.7584 

.7745 

.7906 

.8066 

.8225 

.8384 

.8542 

34 

86 

.7102 

.7265 

.7427 

.7589 

.7750 

.7911 

.8071 

.8230 

.8389 

.8547 

36 

86 

.7108 

.7270 

.7433 

.7595 

.7756 

.7916 

.8076 

.8236 

.8394 

.8552 

38 

40 

.7113 

.7276 

.7438 

.7600 

.7761 

.7922 

.8082 

.8241 

.8400 

.8558 

40 

42 

.7118 

.7281 

.7443 

.7605 

.7768 

.7927 

.8087 

.8246 

.8405 

.8563 

42 

44 

.7124 

.7287 

.7449 

.7611 

.7772 

.7932 

.8092 

.8251 

.8410 

.8668 

44 

46 

.7129 

.7292 

.7454 

.7616 

.7777 

.7938 

■QOvo 

.8257 

.8415 

.8573 

46 

48 

.7135 

.7298 

.7460 

.7821 

.7782 

.7943 

.8103 

.8262 

.8421 

.8579 

48 

60 

.7140 

.7303 

.7465 

.7627 

.7788 

.7948 

.8108 

.8267 

.8426 

.8584 

50 

62 

.7146 

.7308 

.7471 

.7632 

.7793 

.7954 

.8113 

.8273 

.8431 

.8589 

52 

64 

.7161 

.7814 

.7476 

.7638 

.7799 

.7959 

.8119 

.8278 

.8437 

.8594 

54 

66 

.7166 

.7819 

.7481 

.7643 

.7804 

.79fr* 

.8124 

.8283 

.8442 

■on00 

66 

66 

.7162 

.7826 

.7487 

.7648 

.7809 

.7970 

.8129 

.8289 

.8447 

.8605 

58 

60 

.7167 

.7880 

.7492 

.7654 

.7815 

.7975 

.8135 

.8294 

.8452 

.8610 

60 

8 
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Table  of  chorda,  In  parts  of  a  rad  1 ;  lor  protracting — Continued. 


M. 

51° 

52° 

58° 

54° 

55° 

50° 

57° 

58° 

59° 

60° 

M. 

0' 

.8610 

.8767 

.8924 

.9080 

.9235 

.9389 

.9543 

OOOA 

.9848 

1.0000 

0* 

2 

.8615 

.8778 

.8929 

.9085 

.9240 

.9395 

.9548 

.9701 

.9654 

•1.0005 

s 

* 

.8621 

.8778 

.8984 

.9090 

.9245 

.9400 

.9553 

.9706 

.9859 

1.0010 

4 

6 

.8626 

.8788 

.8940 

.9095 

.9250 

.9405 

.9559 

.9711 

tVoDi 

1.0015 

6 

8 

.8681 

'.8788 

.8945 

.9101 

.9266 

.9410 

.9564 

.9717 

.9869 

1.0020 

8 

10 

.8686 

.8794 

.8950 

.9106 

.9261 

.9415 

.9569 

.9722 

.9874 

1.0025 

10 

12 

.8642 

8799 

.8955 

.9111 

.9266 

.9420 

.9574 

.9727 

.9879 

1.0080 

12 

14 

.8647 

.8804 

.8960 

.9116 

.9271 

.9425 

.9579 

.9732 

.9884 

1.0035 

14 

16 

.8652 

.8809 

•OWO 

.9121 

.9276 

.9480 

.9584 

.9737 

QfttA 

1.0040 

16 

18 

.8657 

.8614 

.8971 

.9126 

.9281 

.9436 

.9589 

.9742 

.9894 

1.0045 

18 

30 

.8663 

.8820 

.8976 

.9132 

.9287 

.9441 

.9594 

.9747 

.9899 

1.0050 

20 

32 

.8668 

.8825 

.8981 

.9137 

.9292 

.9446 

.9599 

.9752 

.9904 

1.0055 

22 

24 

.8678 

.8830 

•tfiWD 

.9142 

.9297 

.9451 

.9604 

.9757 

.9909 

1.0060 

24 

20 

.8678 

.8885 

.8992 

.9147 

.9302 

.9456 

.9610 

.9762 

.9914 

1.0065 

26 

28 

.8684 

.884] 

.8997 

.9152 

.9307 

.9461 

.9615 

.9767 

.9919 

1.0070 

28 

80 

.8689 

.8846 

.9002 

.9157 

.9312 

.9466 

.9620 

.9772 

.9924 

1.0075 

SO 

82 

Oflfti 

.8851 

.6007 

r   .9163 

.9317 

.9472 

.9625 

.9778 

.9929 

1.0080 

82 

84 

.8699 

.8856 

.9012 

.9168 

.9323 

.9477 

.9630 

.9783 

.9984 

1.0086 

84 

86 

.8705 

.8861 

.9018 

.9173 

.9828 

.9482 

.9635 

.9788 

.9939 

1.0091 

36 

88 

.8710 

.8867 

.9028 

.9178 

.9333 

.9487 

.9640 

.9798 

.9945 

1.0096 

88 

40 

.8715 

.8872 

.9028 

.9183 

.9338 

.9492 

.9645 

.9798 

.9950 

14)101 

40 

42 

.8720 

.8877 

.9083 

.9188 

.9343 

.9497 

.9650 

.9808 

.9955 

1.0106 

42 

44 

.8726 

.8882 

.9038 

.9194 

.9348 

.9502 

.9655 

.9808 

.9960 

1.0111 

44 

46 

.8781 

.8887 

.9044 

.9199 

.9353 

.9507 

.9661 

.9818 

.9965 

1.0116 

46 

48 

.8786 

.8808 

.9049 

.9204 

.9359 

.9512 

•VOOQ 

.9818 

.9970 

1.0121 

48 

50 

.8741 

.8898 

.9054 

.9209 

.9364 

.9518 

.9671 

.9828 

.9975 

1.0126 

50 

52 

.8747 

.8908 

.9059 

.9214 

.9369 

.9523 

.9676 

.9828 

.9980 

1.0131 

62 

54 

.8752 

.8908 

.9064 

.9219 

.9374 

.9528 

.9681 

.9888 

.9985 

1.0136 

54 

56 

.8767 

.8914 

.9069 

.9225 

.9379 

.9538 

.9686 

.9888 

.9990 

1.0141 

66 

58 

.8762 

.8919 

.9075 

.9230 

.9384 

.9538 

.9691 

.6848 

1.0146 

68 

60 

.8767 

.8924 

.9080 

.9235 

.9389 

.9543 

•VQBO 

.9848 

1.0000 

1.0151 

60 

M. 

01° 

02° 

08° 

04° 

00° 

00° 

07° 

08° 

09° 

70° 

M. 

0' 

1.0151 

1.0301 

1.0450 

1.0598 

1.0746 

1.0893 

1.1039 

1.1184 

1.1828 

1.1472 

0 

2 

1.0156 

1.0306 

1.0455 

1.0603 

1.0751 

1.0898 

1.1044 

1.1189 

1.1888 

1.1476 

2 

4 

1.0161 

1.0311 

1.0460 

1.0608 

1.0756 

1.0903 

1.1048 

1.1194 

1.1888 

1.1481 

4 

6 

1.0166 

1.0316 

1.0465 

1.0613 

1.0761 

1.0907 

1.1053 

1.1198 

1.1842 

1.1486 

6 

8 

1.0171 

1.0321 

1.0470 

1.0618 

1.0766 

1.0912 

1.1058 

1.1203 

1.1847 

1.1491 

8 

10 

1.0176 

1.0326 

1.0475 

1.0623 

1.0771 
1.0775 

1.0917 

1.1063 

1.1208 

1.1862 

1.1496 

10 

12 

1.0181 

1.0331 

1.0480 

1.0628 

1.0922 

1.1068 

1.1218 

1.1867 

1.1660 

12 

14 

1.0186 

1.0336 

1.0485 

1.0633 

1.0780 

1.0927 

1.1073 

1.1218 

1.1862 

1.1605 

14 

16 

1.0191 

1.0341 

1.0490 

1.0638 

1.0785 

1.0982 

1.1078 

1.1222 

1.1866 

1.1610 

16 

18 

1.0196 

1.0346 

1.0495 

1.0643 

1.0790 

1.0937 

1.1082 

1.1227 

1.1871 

1.1614 

18 

20 

1.0201 

1.0361 

1.0500 

10648 

1.0795 

1.0942 

1.1087 

1.1282 

1.1376 

1.1519 
1.1624 

26 

22 

1.0206 

1.0858 

1.0504 

1.0653 

1.0800 

1.0946 

1.1092 

1.1287 

1.1881 

22 

24 

1.0211 

1.0361 

1.0509 

1.0658 

1.0805 

1.0951 

1.1097 

1.1242 

1.1886 

1.1629 

24 

26 

1.0216 

1.0866 

1.0514 

1.0662 

1.0810 

1.0956 

1.1102 

1.1246 

1.1890 

1.1683 

SI 

28 

1.0221 

1.0370 

1.0519 

1.0667 

1.0815 

1.0961 

1.1107 

1.1251 

1.1866 

1.1688 

28 

SO 

1.0226 

1.0876 

1.0524 

1.0672 

1.0820 

1.0968 

1.1111 

1.1256 
1.1261 

1.1400 

1.1643 

M 

32 

1.0231 

1.0380 

1.0529 

1.0677 

1.0824 

1.0971 

1.1116 

1.1406 

1.1648 

82 

84 

1.0236 

1.0385 

1.0534 

1.0662 

1.0829 

1.0976 

1.1121 

1.1266 

1.1409 

1.1562 

84 

86 

1.0241 

1.0890 

1.0539 

1.0687 

1.0834 

1.0980 

1.1126 

1.1271 

1.1414 

1.1667 

SO 

88 

1.0246 

1.0895 

1.0544 

1.0692 

1.0839 

1.0985 

1.1131 

1.1275 

1.1419 

1.1662 

88 

40 

1.0261 

1.0400 

1.0549 

1.0897 

1.0844 

1.0990 

1.1186 

1.1280 

1.1424 

1.1667 

40 

42 

1.0256 

1.0405 

1.0554 

1.0702 

1.0849 

1.0995 

1.1140 

1.1285 

1.1429 

1.1671 

42 

44 

1.0261 

1.0410 

1.0559 

1.0707 

1.0854 

1.1000 

1.1145 

1.1290 

1.1488 

1.1676 

44 

46 

1.0266 

1.0415 

10564 

1.0712 

1.0859 

1.1005 

1.1150 

1.1295 

1.1488 

1.1661 

46 

48 

1.0271 

1.0420 

1.0569 

1.0717 

1.0863 

1.1010 

1.1155 

1.1299 

1.1448 

1.1686 

46 

60 

1.0276 

1.0425 

1.0674 

1.0721 

1.0868 

1.1014 

1.1160 

1.1804 
1.1809 

1.1448 

1.1690 

66 

52 

1.0291 

1.0430 

1.0579 

1.0726 

1.0873 

1.1019 

1.1165 

1.1452 

1.1666 

62 

64 

1.0286 

1.0485 

1.0584 

1.0731 

1.0878 

1.1024 

1.1169 

1.1814 

1.1457 

1.1080 

64 

66 

1.6291 

1.0440 

1.0589 

1.0786 

1.0883 

1.1029 

1.1174 

1.1819 

1.1462 

1.1605 

66 

68 

1.0296 

1.0445 

1.0593 

1.0741 

1.0888 

1.1084 

1.1179 

1.1828 

1.1467 

1.1609 

68 

60 

1.0801 

-1.0450 

1.0598 

1.0746 

1.0893 

1.1089 

1.1184 

1.1826 

1.1472 

1.1614 

m 

TABLE  OF  CHORDS. 


109 


Table  of  Chords,  In  parte  of  a  rail  1 ;  for  protracting— Continued 


M. 

71° 

72° 

73° 

74° 

75° 

76° 

77° 

78° 

•790 

80° 

M. 

o- 

1.1814 

1.1756 

1.1893 

1.2036 

1.2175 

1.2313 

1.2450 

1.2586 

1.2723 

1.2856 

V 

2 

1.1619 

►  1.1760 

1.1901 

1.2041 

1.21M0 

1.2318 

1.2455 

1.2591 

1.2726 

1.2860 

2 

4 

1.1624 

1.1765 

1.1908 

1.2046 

1.2184 

1.2322 

1.2459 

1.2596 

1.2731 

1.2865 

4 

6 

1.1538 

1.1770 

1.1910 

1.2050 

1.2189 

1.2327 

1.2464 

1.2600 

1.2735 

1.2869 

6 

8 

1.1633 

1.1775 

1.1915 

1.2055 

1.2194 

1.2332 

1.2468 

1.2604 

1.2740 

1.2874 

8 

10 

1.1638 

1.1779 

~1.1784 

1.1920 

1.2060 

1.2198 

1.2336 

1.2473 

1.2609 

1.2744 

1.2878 

10 

12 

1.1643 

1.1924 

1.2064 

1.2203 

1.2341 

1.2478 

1.2614 

1.3748 

1.2882 

12 

14 

1.1647 

1.1789 

1.1929 

1.2069 

1.2208 

1.2345 

1.2482 

1.2618 

1.2753 

1.2887 

14 

16 

1.1653 

1.1793 

1.1934 

1.2073 

1.2212 

1.2350 

1.2487 

1.2623 

1.2757 

1.2891 

16 

18 

1.1657 

1.1798 

1.1938 

1.2078 

1.2217 

112354 

1.2491 

1.2637 

1.2762 

1.3896 

18 

30 

1.1661 

1.1803 

1.1943 

1.3083 

1.3221 

1.3359 

1.2496 

1.2633 

1.3766 

1.2900 

20 

22 

1.1666 

1.1807 

1.1948 

1.3087 

1.2226 

1.2364 

1.2500 

1.2636 

1.3771 

1.2905 

22 

34 

1.1671 

1.1813 

1.1953 

1.3092 

1.2281 

1.2368 

1.2505 

1.2641 

1.2775 

1.2909 

24 

36 

1.1676 

1.1817 

L1957 

1.2097 

1.2235 

1.2378 

1.2509 

1.2645 

1  2780 

1.3914 

26 

38 

1.1680 

J  1821 

11963 

1.2101 

1.2240 

1.3377 

1.2514 

1.2650 

1.2784 

1.2918 

28 

30 

1.1685 

1.1836 

1.1966 

1.2106 

1.2244 

1.2382 

1.2518 

1.2654 

1.2789 

1.2923 

30 

S3 

1.1690 

1.1831 

1.1971 

1.2111 

1.2349 

1.2386 

1.2523 

1.2659 

1.2793 

1.3927 

S3 

34 

1.1694 

1.1836 

1.1976 

1.2115 

1.2254 

1.2391 

1.2528 

1.2663 

1.2798 

1.2931 

34 

86 

1.1699 

1.1810 

1.1980 

1.2120 

1.2258 

1.2396 

1.2532 

1.2668 

1.2802 

1.2986 

36 

58 

1.1704 

1.1845 

1.1985 

1.2124 

1.2263 

1.2400 

1.2537 

1.2672 

1.2807 

1.2940 

38 

40 

1.1709 

1.1850 

1.1990 
1.1994 

1.2129 

1.2267 

1.2405 

1.2541 

1.2677 

1.2811 

1.2945 

40 

43 

1.1713 

1.1854 

1.2134 

1.2272 

1.2409 

1.2546 

1.2681 

1.2816 

1.2949 

43 

44 

1.1718 

1.1859 

1.1999 

1.2138 

1.2277 

1.2414 

1.2550 

1.2686 

1.2820 

1.3954 

44 

48 

1-1733 

1.1864 

1.2004 

1.2143 

1.2281 

1.2418 

1.2555 

1.2690 

1.2825 

1.2958 

46 

48 

1.1727 

1.1868 

1.2008 

1.2148 

1.2286 

1.2423 

1.2559 

1.2695 

1.2829 

1.2962 

48 

60 

1.1732 

1.1873 

1.2013 

1.2152 

1.2290 

1.2428 

1.2564 

1.2699 

1.2833 

1.2967 

50 

S3 

1.1737 

1.1878 

1.2018 

1.2157 

1.2295 

1.2432 

1.2568 

1.2704 

1.2838 

1.2971 

52 

54 

1.1743 

1.1882 

1.2022 

1.2161 

1.2299 

1.2437 

1.2573 

1.2708 

1.2842 

1.2976 

54 

68 

1.1746 

1.1887 

1.2027 

1.2166 

1.2304 

1.2441 

1.2577 

1.2713 

1.2847 

1.2980 

56 

68 

1.1751 

1.1892 

1.2032 

1.2171 

1.2309 

1.2446 

1.2582 

1.2717 

1.2851 

1.2985 

58 

•0 

1.1756 

1.1898 

1.2036 

1.2175 

1.2313 

1.2450 

■ 

1.2586 

1.2722 

1.2856 

1.2989 

60 

M. 

81° 

8«° 

88° 

84° 

85° 

86° 

87° 

88° 

89° 

M. 

0' 

1.3989 

1.3121 

1.3353 

1.8888 

1.3512 

1.3640 

1.3767 

1.3898 

1.4018 

0« 

3 

1.3993 

1.3126 

1.8257 

1.3387 

1.3516 

1.3644 

1.3771 

1.3897 

1.4022 

3 

4 

1.3998 

1.3130 

1.8261 

1.8391 

1.3520 

1.3648 

1.3776 

1.3902 

1.4026 

4 

6 

1.8003 

1.3134 

1.8265 

1-3396 

1.8525 

1.3653 

1.3780 

1.3906 

1.4031 

6 

8 

1.3007 

1.3139 

1.3270 

1.3400 

1.8529 

1.3657 

1.3784 

1.3910 

14095 

8 

10 

1.3011 

1.3443 

1.3274 

1*8404 

1.3533 

1.3661 

1.3788 

1.8914 

1.4039 

10 

13 

1.3015 

1.3147 

1.8279 

1.3409 

1.3538 

1.3665 

1.3792 

1.8918 

1.4043 

13 

14 

1.3020 

1.8152 

1.8283 

1.3413 

1.3512 

1.3670 

1.3797 

1.3922 

1.4047 

14 

16 

1.3034 

13156 

1.8387 

1.3417 

1.3546 

1.3674 

1.3301 

1.3927 

1.4051 

16 

18 

1.3039 

1.3161 

1.3293 

1.3421 

1.3550 

1.3678 

1.3805 

13931 

1.4055 

18 

30 

1.3033 

1.3165 

1.8398 

1.8426 

1.3555 

1.3682 

1.8809 

1.8936 

1.4080 

SO 

33 

1JMR8 

1.8169 

1.8300 

1.3430 

1.8559 

1.8687 

1.8813 

1.8930 

1.4064 

23 

34 

1.3043 

1.9174 

1.8806 

1.3434 

1.8563 

1.3691 

1.3818 

1.3943 

1.4068 

24 

36 

1.8046 

1.8178 

1.8309 

1.3439 

1.3567 

1.3696 

1.3833 

1.8947 

1.4072 

26 

38 

1.3051 

1.8188 

1.8313 

1.8448 

1.8572 

1.3699 

1.3826 

1.8952 

1.4076 

28 

30 

1.3055 

1.8187 

1.8318 

1.3447 

1.8676 

1.8704 
T.8708 

1.3830 

1.3956 
1.3960 

1.4080 

30 

33 

1.3060 

1.3191 

1.3322 

1.3452 

1.8580 

1.3834 

1.4084 

32 

34 

1.3064 

1.3196 

1.3326 

1.8456 

1.8585 

1.3712 

1.8839 

1.3964 

1.4089 

34 

86 

1.3068 

1.3300 

1.8331 

1.3460 

1.8589 

1.3716 

1.3843 

1.3968 

1.4093 

86 

38 

1.3073 

1.3204 

1.3835 

1.8465 

1J69S 

1.3731 

1.8847 

1.3972 

1.4097 

38 

40 

1.3077 

1.3209 

1.8339 

1.3469 

1.8597 

1.3725 

1.3851 

1.3977 

1.4101 

40 

43 

1.3082 

1.8218 

1.8844 

1.3478 

1.3603 

1.3729 

1.3855 

1.3981 

1.4105 

42 

44 

1.3086 

1.3218 

1.3348 

1.3477 

1.3606 

1.3733 

1.3860 

1.3985 

1.4109 

44 

40 

1.3090 

1.3222 

1.3359 

1.3483 

1.3610 

1.3738 

1.3864 

1.3989 

1.4113 

46 

48 

1.3095 

1.3226 

1.3357 

1.3486 

1.3614 

1.3742 

1.3868 

1.3998 

1.4117 

48 

60 

1.3080 

1.3231 

1.3891 

1.3490 

1.3619 

1.3746 

1.3872 

1.3997 

1.4122 

50 

63 

1.3104 

1.3235 

1.3866 

1.3496 

18623 

1.3760 

1.3876 

1.4002 

1.4126 

62 

64 

1.3108 

1.3239 

1.3370 

1.3499 

1.3627 

1.3754 

1.3881 

1.4006 

1.4130 

64 

M 

1.3113 

1-3244 

1.8374 

1.3508 

1.3681 

1.8759 

1.3886 

1.4010 

1.4134 

56 

68 

1.3117 

1.3348 

1.8378 

1.3508 

1.3636 

1.3763 

1.3889 

1.4014 

1.4138 

58 

09 

1.8131 

1.8363 

1.8888 

1.3512 

1.8640 

1.3767 

1.8893 

1.4018 

1.4143 

60 
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POLYGONS. 


POLYGONS. 

a 


0    a 


6afcfc« 


»«»*«*. 


Any  straight-sided  Bg  ft  ml  led  a  polygon.    If  all  the  sides  and  angle*  are  equal,  it  it  a  regulaf 
polygon ;  if  not,  it  in  Irregular.    Of  course  the  Dumber  of  polygons  ia  infinite. 


Table  of  Regular  Polygon*. 

Number 

or 

Side*. 

Name 

of 

Polygon. 

Area= 

(square  or  one 
aide)  malt  by 

Radius  or  clr- 

ou  inscribing 

circle  =  side 

malt  by 

Interior  angle 

a  6  e  ooatalued 

between  two 

■idea. 

Ancle  at  ©en, 

subteuded 
by  a  ride. 

M 

4 

5 

6 

7 

8 

9 
10 
11 
12 

Equilateral 
triangle. 
Square. 
Pentagon. 
Hexagon. 
Heptagon. 
Octagon. 
Nonagon. 
Decagon. 
Undecagon. 
Dodecagon 

\     .433013 

1.000000 
1.720477 
2.598076 
3.633912 
4.828427 
6.181824 
7.694209 
9365640 
11.196152 

.577350 

.707107 
.850651 
1.000000 
1.152382 
1.306563 
1.461902 
1.618034 
1.774733 
1.931854 

60° 

90° 

108° 

120° 
128°  34  2857' 
*       135° 

140° 

144° 
147°  16.3636' 

150° 

120° 

90° 
72° 

51°  25.7143' 

45° 

40° 

36° 
82°  43.6364' 

80° 

Area  of  any  regular  polygon  =  length  or  one  side,  a  b  X  perp  p  drawn  from  oen  or  fig  to 

oen  of  nide  X  haK  the  number  or  Rides. 

8am  of  interior  angles,  a  b  e,  etc,  of  any  polygon,  regular  or  Irregular  =  180°  X 

(number  of  sides  —  2). 

Angle  at  een  subtended  by  a  side,  ia  any  regular  polygon  =  880°  ■*■  number  of  side*. 


TRIANGLES. 


We  speak  here  or  plane  triangles  only ;  or  those  having  straight  sides. 

A  triangle  is  equilateral  when  ail  its  sides  are  equal,  as  a  ;  isosceles  when  only  two  sides 
are  equal,  u  B;  scalene  when  all  the  sides  are  unequal,  as  C.  D.  and  K :  acute-angled  when 
all  its  angles  are  acute,  or  each  less  than  90°,  as  A,  B,  and  C ;  right-angled  when  it  contains  a 
right  ancle,  as  D ;  obtuse-angled  when  it  contains  an  obtuse  augle.  or  out-  greater  than  90°,  as  E. 

All  the  three  aagles  of  any  triangle  are  equal  to  two  right 
angles*  or  180'-';  there  tore,  ir  we  know  two  of  them,  we  cau  find  the  tbira  by 
subtracting  their  sum  from  180°.  All  triangles  which  have  equal  bases, 
and  equal  perp  heights,  have  also  equal  areas ;  thus  the  areas  of  awe,  aw  d,  aud 
awe,  are  equal  to  eaob  other.  The  area  of  any  triangle  is  equal  to  half 
that  or  any  parallelogram  whioh  has  au  equal  base.aud  an  equal  perp  height.  The 
areas  of  triangles  which  have  equal  bases*  but  diff  perp  heights,  are  to 
each  other  as,  or  in  proportion  to.  their  perp  heights;  thus  the  triangle  awn, 
with  a  perp  height  s  n,  equal  to  but  one-half  that  (•  e)  of  the  three  other  trian- 
gles, but  with  the  same  base  a  w,  has  also  bat  half  the  area  of  either  of  those 
others. 

Area  of  any  triangle,  Figs  A,  B,  C,  D,  E,  =  hair  the  base,  S,  X  the  height,  or  perp  dlst  p  to 
the  opposite  angle.  Any  side  may  be  taken  as  the  base  or  a  triangle ;  but  the  perp  height  must  always 
be  measured  from  th»'side  so  assumed;  to  do  whioh,  the  side  must  sometimes  be  prolonged,  as  in 
Fig  K ;  but  the  prolongation  is  not  to  be  considered  as  a  part  of  the  base. 

Area  of  any  equilateral  triangle  =  .438013  X  square  of  one  aide. 

To  flnd  area,  haw-Ins;  the  three  sides. 

Add  them  together;  div  the  sum  by  2 ;  from  the  half  sum,  subtraot  each  side  separately ;  molt  the 
hair  sum  and  the  three  remainders  continuously  together;  take  the  sq  rt  of  the  prod. 

Ex.— The  three  sides  =  SO,  80,  40  ft.     Here  20  +  30  +  40  =  90 ;  and  ^  =  46.    And  45  — 10  =  tti 

46  -  30  =  15;  and  45-  40  =  5.  And  45  X  35  X  15  X  5  =~  84375 ;  and  the  sq  rt  or  84875  is  290.47  sq  ft, 
area  reqd. 


TRIANGLES. 


Ill 


To  find  area,  having1  one  side  and  the  2  angles  at  its  ends. 

Add  the  2  angles  together ;  take  the  mm  from  180©  ;  the  rem  will  be  the  angle  opp  the  given  side. 
Find  the  nat  sine  of  this  angle ;  also  find  the  nat  sines  of  the  other  angles,  and  mult  them  together. , 
Then  as  the  nat  sine  of  the  single  angle,  is  to  the  prod  of  the  nat  sines  of  the  other  2  angles,  so  is  the 
square  of  the  given  side  to  double  the  reqd  area. 

To  find  area,  having  two  sides,  and  the  included  angle. 


,9"tt6; 


Mult  together  the  two  sides,  and  the  nat  sine  of  the  included  angle ;  div  by  2. 

Ex.— Sides  ego  ft  an(j  930  ft ;  included  angle  69°  20'.    By  the  table  we  find  the  nat  sine 

.u  _,        650  X  980  X  .9356_  otk^nao  a 

therefore, =  297968.6  square  ft  area. 

To  find  area,  having  the  three  angles  and  the 

perp  height,  a  o. 

Find  the  nat  sines  of  the  three  angles ;  mult  together  the  sines  of  the  angles 
d  and  o ;  div  the  sine  of  the  angle  6  by  the  prod ;  mult  the  qnot  by  the  square 
of  the  perp  height  ab;  div  by  2. 

To  find  any  side,  as  d  o,  having  the  three 
angles,  <f,  o  and  o9  and  the  area. 

(Sine  of  d  X  >ine  of  o)  t  sine  of  o  1 1  twtoe  the  area  a  aoaare  of  d  0.  See  Bern  2,  p  119. 
The  perp  height  of  an  equilateral  trtaagle  is  equal  to  one  side  X  .860025.    Hence  one  of 
its  sides  is  equal  to  the  perp  height  div  by  .866025  or  to  perp  height  X  1.1547.    Or,  to  And  a  aide* 
molt  the  sq  rt  of  its  area  by  1.51967.    The  side  of  an  equilateral  triangle,  mult  by  .658037  =  side  of  a 
square  of  the  same  area ;  or  mult  by  .742517  it  gives  the  diam  of  a  circle  of  the  same  area. 
The  following  apply  to  any  plane  triangle,  whether  oblique  or  right-angled : 
a,  The  three  angles  amount  to  180°,  or  two  right  angles. 
S.  Any  exterior  angle,  as  A  C  n,  is  equal  to  the  two  interior  and  opposite 
ones,  A  and  B. 
S.  The  greater  side  is  opposite  the  greater  angle. 

4»  The  aides  are  as  toe  sines  of  the, opposite  angles.    Thus,  the  side  a  is  to 
the  side  6  as  the  sine  of  A  is  to  the  sine  of  B. 

ft.  If  any  angle  as  s  be  bisected  by  a  line  s  o,  the  two  parts  mo,  o  n  of 
the  opposite  side  m  n  will  be  to  each  other  as  the  other  two  sides  am,  an; 
or,  mo:ot»::s  m:«n. 

ft.  If  lines  be  drawn  from  each  angle  rut  to  the 
*  center  of  the  opposite  side,  they  will  cross  each 

other  at  one  point,  a,  and  the  short  part  of  each 
of  the  lines  will  be  the  third  part  of  the  whole  line. 
Also,  a  is  the  eea  of  shit  or  the  triangle. 

7.  If  lines  be  drawn  bisecting  the  three  angles,  they  will  meet  at  a  point 
perpendicularly  equidistant  from  each  side,  and  consequently  the  eeater 
f  of  the  greatest  etrele  that  can  be  drawn  in  the  triangle. 
'*     8.  If  a  line  a  n  be  drawn  parallel  to  any  side  ea, 


an  r 


Ute  two  triangles  ran,  re  a,  will-  be  similar. 

9.  To  divide  any  triangle  a  e  r  into  two  equal  parts  by  a  line  a  n  parallel  to 

any  one  of  its  sides  c  a.    On  either  one  of  the  other  sides,  as  a  r,  as  a  diam, 

describe  a  semicircle  a  0  r;  and  find  Its  middle  o.   From  r  (opposite  e  a),  with 

radius  r  o,  describe  the  arc  0  n.    From  n  draw  n  «.  par- 

0  allel  to  c  a. 

X  10.  To  find  the  greatest  parallelogram  that  can  be 

/\  drawn  in  any  given  triangle  onb.    Bisect  the  three  sides  at  ace,  and  join 

t\S       \lt         me,  at,  ee.    Then  either  a  e  b  c,  a  e  c  o,  or  a  c  en,  each  equal  to  half  the 

S\      S\         triangle,  will  be  the  reqd  parallelogram.    Any  of  these  parallelograms  can 

/     \s      \       plainly  be  converted  into  a  rectangle  of  equal  area,  and  the  greatest  that  can  be 

nth      drawn  in  the  triangle. 

10)4.  If  a  line  a  c  bisects  any  two  sides  0  b,  0  n,  of  a  triangle,  it  will  be  par* 
allel  to  the  third  side  n  ».  and  half  as  long  as  it. 

11.  To  find  the  greatest  square  that  can  be  drawn  in  any  triangle  axr.   From 
an  angle  as  a  draw  a  perp  a  n  to  the  opposite  side  x  r,  and  find  its  length.   Then 


o  n,  or  a  side  vtot  the  square  will  = 


xrX  an 


xr-\-an 

'  the  triangle  is  such  that  two  or  three  such  perp*  can  be  drawn,  then 

two  or  three  equal  squares  may  be  found. 
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Rlght-ansrled  Triangles. 

All  the  foregoing  apply  also  to  right-angled  triangle*;  but  what  follow  apply  to  them  only. 
Call  the  right  angle  A,  and  the  others  B  and  0 ;  and  eaU  " 


opposite  to  them  «,  4,  and  e. 

=  cX  BeoB  =  ; 


Then  la 
b 


the  sides  respectively 


=,/H 


-,=oXSceO=i'61  +  el. 


Sine  C       -  ~  «— »  -  —  Cosine 

b  =  a  X  Sine  B  =  aXCosC  =  eXCotC  =  cX  Tang  B. 
e  =  a  X  Sine  C  =  aXCosB  =  6X  Tang  G. 

Also  Sine  or  C  =  - ;  Cos  0  =5  ;  Tang  C  =  J". 

ft  o  b 

And  Sine  of  B  =  -  ;  Cos  B  =  -;  Tang  B  =  -. 

And  Sine  of  A m  90°  =  1.    Cos  A  =  0.    Tang  A  =  Inanity.    Beo  A  =  infinity. 
1.  If  from  the  right  angle  o  a  line  o  v  be  drawn  perp  to  the  hypothecate  or  long  side  ft  g,  then  the 
two  small  triangles  owh,owg,  and  the  large  one  eh  g,  will  be  similar. 
Or  g  w  :  w  o  : :  w  o  :  to  ft;  and  gwXwh  =  wo%, 

•V  A  line  drawn  from  the  right  angle  to  the  Mater  of  the  long  aide  wOl 
be  half  m  long  as  sa'4  side. 

8.  If  on  the  three  sides  oft,  o g,  g h  we  draw  three  squares  tf  at, •,  or 
three  circles,  or  triangles,  or  any  other  three  flgs  that  are  similar,  .then  Ike 
area  of  the  largest  one  is  equal  to  the  sum  of  the  areas  of  the  two  others. 

4*  In  a  triangle  whose  sides  are  as  S,  4,  and  5  Cm  are  those  of  the  tri- 
angle A  B  0),  the  angles  are  very  approximately  90°;  58°  7'  48.38" ;  and 
86°  62' 11.6*''.  Their  Sines,  1.;  .8;  and  .6.  Their  Tangs,  Infinity ;  1.333S; 
and  .76. 

gs  One  whose  sides  are  as  7,  7,  and  9.9,  has  very  approx  one  angle  of  90° 
and  two  of  45°  each,  near  enough  for  all  practical  purposes. 
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Plavs  trigonometry  teaches  how  \q  And  certain  unknown  parts  of  plane,  or  straight* tided  tri- 
angles, by  means  of  other  parts  which  are  known ;  and  thus  enables  us  to  measure  inaccessible  dis- 
tances, Ac.  A  triangle  consists  of  six  parts,  namely,  three  sides,  and  three  angles;  and  if  we  know 
any  three  of  these,  (except  the  three  angles,  and  in  the  ambiguous  case  under  "Case  %,")  we  oan  find 
the  other  three.  The  following  four  cases  include  the  whole  subject ;  the  student  shot.  1  oflmmlt  them 
to  memory.  - 

Case  1.  Ha vina:  any  two  angles,  and  one  side,  a    *  *•  "• 

to  find  the  other  sides  and  angle. 

Add  the  two  angles  together ;  and  subtract  their  sum  from  180° ;  the  rem 
will  be  the  third  angle.    And  for  the  sides,  a* 


Sine  of  the  angle 
opp  the  given  side 


Sino  of  the  angle 
opp  the  reqd  side 


given  side  :  reqd  aide. 


Use  the  tide  thus  found,  as  the  given  one ;  and  in  the  same  manner  find 
the  third  side. 

2.  Having;  two  sides,  b  a,  a  e,  Fig;  X,  and  the  angle  a  be, 
opposite  to  one  of  them,  to  find  the  other  side  and  angles. 


Side  a  c  opp 
the  given  an- 
gle a  6  c 


The  other 
given  side 


Sine  of  the 
given  angle 
ab  o 


Sine  or  angle  b  d  a  or 
b  e  a  opposite  the  other 
given  side  6  a. 


Having  found  the  sine,  take  out  the  corresponding  angle  from  the  table  of 
nat  sines,  but,  In  doing  so,  If  the  side  a  c  opp  the  given  angle  Is 

shorter  than  the  other  given  side  b  a,  bear  In  mind  that  an  angle  and  its  sup- 
plement have  the  same  sine.  Thus,  in  Fig  X,  the  sine,  as  found  above,  Is 
opp  the  angle  6  c  a  In  the  table.  But  a  c,  ir  shorter  than  b  a,  can  evidently  be 
laid  off  in  the  opp  direction,  a  d,  in  which  case  6  d  a  Is  the  supplement  of  b  e  a. 
If  a  e  Is  as  long  as,  or  longer  than,  6  a,  there  can  be  no  doubt ;  for  In  that  case 
it  cannot  be  drawn  toward  b,  but  only  toward  n,  and  the  angle  6  c  a  will  bo 
found  at  ooot  in  the  table,  opp  the  sin*  as  found  above. 
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When  the  two  angles,  aft  t.bta,  have  bren  round.  And  the  remaining  side  by  Case  1. 
for  the  remaining  angle,  ft  «i  e,  add  together  the  angle  ab  e  fl.it  given,  and  the  one,  ft  e  a,  found 
i  above.     Deduct  their  lam  from  180°. 

Case  3.  Having*  two  Aides,  and  the  angle  Included 

between  them. 


Take  the  angle  from  180°;  the  rem  will  be  the  sum  of  the  two  unknown  angles. 
2 ;  and  find  the  nat  tang  of  the  quot.    Then  as 


Div  thii  sum  by 


The  torn  of  the 
two  given  tides 


Their  diff 


Tang  of  half  the  sum  of 
the  two  unknown  angles 


Tang  or  half 
their  diff. 


Take  from  the  table  of  nat  tang,  the  angle  opposite  this  last  tang.  Add  this  angle  to  the  half  sum 
of  the  two  unknown  angles,  and  it  will  give  the  angle  opp  the  longest  given  side ;  and  subtraot  it 
from  the  same  half  iodi,  for  the  angle  opp  the  shortest  given  side.  Having  thus  found  the  angles. 
And  the  third  side  by  Case  1. 

As  a  practical  example  of  the  use  of  Case  3,  we  can  ascertain  the  dist  n  m  across  a  deep  pond,  bj 
nea.«aring  (wo  lines  n  o  and  m  o ;  and  the  angle  notn.  From  these  data  we  may  calculate  n  m ;  or 
by  drawing  the  (wo  sides,  and  the  angle  on  paper,  by  a  scale,  we  can  afterward  measure  »  as  on 
the  drawing. 


The  base 


Case  4.  Having  the  three  sides* 

To  Snd  the  three  angles ;  npon  one  side  a  ft  as  a  base,  draw  (or  suppose  to  be  drawn)  a  perp  eg  from 
(he  opposite  angle  c  Find  the  diff  between  the  other  two  sides,  a  e  and  c  6 ;  also  their  sum.  Then,  as 

Sum  or  the  .  .  Diff  of  other  .  Diff  or  the  two 

other  two  sides    •  •  two  sides       •  parts  ag  and  bg,  of  the  base. 

Add  half  (his  diff  or  the  parts,  to  half  the  base  ab;  the  sum  will  be  the  longest  part  ay;  which 
taken  from  the  whole  base,  gives  the  shortest' part  ^  ft.  By  this  means  we  get  lu  each  or  the  small  trl« 
angles  a  eg  and  egb,  two  sides,  ( namely,  a  e  and  ag;  and  c ft  and  g  b;)  and  an  angle  (namely,  the 
right  angle  eg  a,  or  c  g  ft)  opposite  to  one  or  the  given  sides.  Therefore,  nse  Case  2  for  finding  the 
aagtes  a  and  ft.    When  that  is  done,  take  their  sum  from  180°,  for  the  angle  a  e  ft. 

Or,  M  Mode  i  call  half  the  sum  of  the  three  sides,  at  and  call  the 
two  sides  whioh  form  either  angle,  a  and  n.    Then  the  nat  sine  of 


half  that  angle  will  be  equal  to  \/(*      m)  JLji 

V  mX » 


-n) 


Fig.l. 


Fig.  2. 


Ex.  1.    To  find  the  dist  from  a  to  an  inac- 
cessible object  e. 

Measure  a  line  aft;  and  from  its  ends  measure  the  angles  c  a  ft  and 
c  ft  a.  Thus  having  found  one  side  and  two  angles  or  the  triangle  «  ft  c, 
calculate  a  o  by  means  of  Case  1.  Or  if  extreme  accuracy  is  not  read, 
draw  the  line  a  ft  on  paper  to  any  convenient  scale ;  then  by  means  of  a 
protractor  lay  off  the  angles  &  a  ft,  c  ft  a;  and  draw  a  c  and  eft;  then 
measare  a  c  by  the  same  scale. 

Ex.  2.   To  find  the  height  of  a  vertical 
object,  n  a. 

Place  the  instrument  for  measuring  angles,  at  any  conve 
nient  spot  o ;  also  meas  the  dist  o  a ;  or  if  o  a  cannot  be  actually 
measd  in  consequence  of  some  obstacle,  oaloulate  it  by  the 
same  process  as  a  e  in  Fig  1.  Then,  first  directing  the  instru 
ment  horizontally,*  as  o  s,  measure  the  angle  of  depression. 
so  a,  say  12° ;  also  the  angle  s  o  n,  say  80°.  These  two  angles 
added  together,  give  the  angle  a  on,  42°.  Now,  in  the  small 
triangle  o  a  a  we  have  the  angle  ota  equal  to  90°,  because  a  n 
is  vert,  and  o  •  nor ;  and  since  the  three  angles  or  any  triangle 
are  equal  to  180°,  if  we  subtract  the  angles  o a  a  (90°),  and  soa 
(12°)  from  180°,  the  rem  (78°)  will  be  the  angle  o  a  a  or  o  on. 
Therefore,  In  the  triangle  o  n  a,  we  have  one  side  o  a;  and  two 
angles  aon^  and  o  an,  to  calculate  the  side  a  a  by  Case  1. 


*  Angles  and  dlstson  sloping  ground  must  be  measnred  hor- 
izontally. The  graduated  hor 
circle  of  the  Instrument  evidently  meas* 

•  !«•.•- *.::-.w«%0   \  ore*  lne  angle  between  two  objects  bort- 

'     ***« ^      ^  xontally,  no  matter  how  much  higher  one 

of  them  may  be  than  the  other ;  one  pet* 
haps  requiring  the  telescope  of  the  Instru- 
ment to  be  directed  upward  toward  It; 
and  the  other  downward.  If,  therefore, 
the  sides  of  triangles  lying  upon  sloping 
ground,  are  not  also  measd  hor,  there  can 
pe  no  accordance  between  the  two.   Thus, 
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Ran.  If,  as  in  Fig  8,  It  should  be  neoessary  to  ascertain  tbe  vert  height ««  from  a  point  o,  enUrelr 
*bove  it,  then  both  the  angled  uieasi  at  o.  namely,  eon,  and  s  o  a,  will  be  angles  or  depression,  or 
below  the  hor  line  o  s  assumed  to  measure  them  from.    In  this  ease  we  have  the  side  o  a  as  before  : 

the  angle  noa  =  $oa  —  so »;  and  the  angle  o  a  n  =  180°  —  (o««  CM0),  and  ito;)  teoaloolato 
an  by  Case  1. 


Rg.a 


Fig.  4. 


Or  If,  as  In  Fig  4,  the  observations  are  to  be  taken  from  a  point  o,  entirely  below  the  object 
both  the  angles  *  o  a,  son,  will  be  angles  of  elevation,  or  above  the  assumed  hor  line  o». 
have  in  the  triangle  on  a,  the  given  side  o  a  as 
before ;  the  angle  a  o  n  —  t  o  n  —  »  o  a\  and  the 

angle on«= 180°—  (o •  n  (90°).  and  no  a,  )  to 

ealcalate  an  by  Case  1. 

ir  the  object  a  n,  as  in  Fig  5,  instead  of  being 
vert,  is  inclined;  and  instead  of  its  vert  height, 
we  wish  to  find  its  length  on,  ve  must  first  as- 
certain its  angle  y  t  i  of  inclination  to  the  hori- 
zon ;  to  which  angle  each  of  the  angles  oen  will 
be  equal.  To  find  this  angle  yti,  suspend  a  plumb- 
line  «  y,  of  any  convenient  known  length,  from  the 
object  a  n ;  and  measure  also  y  t  horizontally. 
Then  say  as 

9 1  :  I  jr  :  :  1  :  nat  tang  of  angle  y  ( U 

From  the  table  of  nat  tangs  take  out  the  angle 
yti  found  opposite  this  nat  tang ;  and  use  It  for        - 
the  angles  omorota;  instead  of  the  90°  of  Figs        UA 
S  and  4.    Also  when  tbe  object  inclines,  the  side       A 
a  o  of  tbe  triangle  must  be  measd  in  line,  or  in   '<w« 
range  with  the  inclination.     If  the  object,  as  the 
rook  a  n,  Fig  6,  is  curved  or  irregular,  a  pole  a  # 
may  be  planted  sloping  in  the  direction  a  n ;  and 


an,  then 
Here  we 


Fig.  5. 


In  tbe  triangle  a  be.  upon  sloping  ground,  the  instrument  at  o,  measures  the  hor  angle  ion;  and  not 
the  angle  bae.  Therefore,  the  side  which  corresponds  with  this  hor  angle  i  o  n,  is  the  hor  dist  i  n ; 
and  not  the  sloping  dist  6  c.  In  other  words,  when  sides  and  angles  are  on  sloping  ground,  we  do 
not  seek  their  actual  measures;  but  their  hor  ones.  This  remark  applies  to  all  surveying  for  farms, 
railroads,  triangulations  of  countries,  Ac,  Ac ;  and  the  want  of  a  strict  attention  to  it,  Is  one  cause 
of  the  small  errors,  almost  unavoidable,  (and  fortunately,  of  but  trifling  consequence  in  practloe), 
which  occur  in  all  ordinary  field  operations.    See  p  176. 

When  a  sextant  is  nsed,  angles  between  objects  at diff  altitudes,  asp  and 

q,  may  be  measd  hor,  by  first  planting  two  vert  rods 
o  and  s,  in  range  with  the  objects ;  and  then  taking 
the  hor  angle  one,  subtended  by  the  rods. 

An  jrles  may  be  measd  wit  lion  t 
any  Inst,  thus:  Measure  100  ft  toward 

each  object,  and  drive  stakes ;  measure  the  dist  across 

from  one  stake  to  the  other.    Half  this  dist  will  be 

the  sine  of  Aal/tbeangietoaradof  100;  and  if  we  move 

the  decimal  point  two  places  to  the  left,  we  get  the  nat 

tine  of  this  one  half  of  the  angle  to  a  rad  of  1,  as  in  the 

tables.    Thus,  suppose  the  dint  to  be  80.64  feet ;  then 

40.32  is  tbe  sine  of  half  the  angle ;  and  .4032  will  be 

the  nat  sine,  opposite  to  which  in  the  table  of  nat 

sines  we  find  the  angle  28°  47' ;  which  mult  by  2  gives 

47°  34',  the  reqd  angle.    If  obstacles  prevent  measuring  toward  the  objects,  we  may  measure  directly 

from  them ;  because,  when  two  lines  intersect,  the  opposite  angles  are  equal.  A  rough  measurement 

may  be  made  by  sticking  three  pins  vert,  and  a  few  ins  apart,  into  a  small  piece  of  board,  nailed  hor 

to  the  top  of  a  post.     The  pins  would  occupy  the  positions  n  o  $,  of  the  last  figure.    Pencil-lines  may 

then  be  drawn,  connecting  tbe  pin-holes :  and  the  angle  be  measd  with  a  protractor.    By  nailing  a 

piece  of  board  vert  to  a  tree,  and  then  drawing  upon  it  a  short  hor  line,  by  means  of  a  pocket  car- 

Enters'  spirit-level,  vert  angles  of  elevation  and  depression  may  be  taken  roughly  in  the  same  way. 
this  wsy  the  writer  has  at  times  availed  himself  of  the  outer  door  of  a  house,  by  opening  It  ontint 
pointed  toward  some  mountain-peak,  the  dist  of  which  he  knew  approximately ;  oat  of  the  height  of 


n4=<= 
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its  angle  gti  of  inclination  with  the  horizon  found  m  before t 
In  whloh  oase  the  dist  a  n  is  calculated.  Or  if  the  vert  height  c  ft 
is  sought,  the  point  c  may  first  be  found  by  sighting  upward 
along  a  plumb-line  held  above  the  head. 

Ex.  3.   To  find  the  approximate  Height, 
*  sc,  of  a  mountain, 

Of  which,  perhaps,  only  the  very  summit,  as,  is  risible  above 
Interposing  forests,  or  other  obstacles;  but  the  dist,  mi,  of  whieh 
is  known.    In  this  ease,  first  direct  the  instrument  bor,  as  m  A; 

and  then  measure  the  angle  i  m  x. 
Then  in  the  triangle  imxwe  have 
one  side  m  * ;  the  nieasd  angle  f  m  at. 
and  the  angle  mix  (90°),  to  find  i  x 
by  Case  1.  But  to  this  i  x  we  mu»t 
add  (  o,  equal  to  the  height  y  m  of  the 
Instrument  above  the  ground;  and 
also  o  ».  Now,  o  a  is  apparently  due 
entirely  to  the  curvature  of  the  earth, 
whieh  is  equal  to  very  nearly  8  ins,  or 
.667  ft  in  one  mile ;  and  increases  as 
the  squares  of  the  dists;  being  4 
times  8  ins  in  2  miles;  9  times  8  ins 
ro  S  miles,  fte.  Bat  this  li  somewhat  diminished  by  the  refraction  of  the  atmosphere ;  whieh  varies 
with  temperature,  moisture,  Ac;  but  always  tends  to  make  the  object  x  appear  higher  than  it 

actually  is.      At  aa  average,  this  deceptive  elevation  amounts  to  about y  th  part  of  the  curvature  of 

the  earth ;  and  like  the  latter,  it  varies  with  the  squares  o.  the  dists.  Consequently  if  we  subtraot  -=- 

part  from  8  ins,  or  .667  ft,  we  have  at  onoe  the  combined  effect  of  curvature  and  refraction  for  one 
mile,  equal  to  6.867  ins,  or  .6714  ft ;  and  for  other  distrf,  as  shown  in  the  following  table,  by  the  use 
of  which  we  avoid  the  neoessity  of  making  teparate  allowances  for  ourvature  and  refraction. 

Table  of  allowance*  to  be  added  for  curvature  of  the  earth; 

and  for  refraction;  combined. 


Fig.  7. 


Dist. 

Allow. 

Dist. 

Allow. 

Dist. 

Allow. 

Dist. 

Allow. 

in  yards. 

feet. 

in  miles. 

feet. 

in  miles. 

feet. 

in  miles. 

feet. 

100 

.002 

* 

.036 

6 

20.6 

20 

229 

160 

.004 

.143 

7 

28.0 

22 

277 

200 

.007 

% 

.321 

8 

86.6 

26 

867 

800 

.017 

1 

.672 

0 

464 

30 

514 

400 

.030 

5 

.803 

10 

67.2 

36 

700 

600 

.046 

1.20 

11 

69.2 

40 

915 

000 

sm 

m 

1.76 

12 

82.3 

46 

1158 

700 

.090 

2 

2.29 

13 

96.6 

60 

1429 

800 

.118 

*K 

8.67 

14 

112 

65 

1729 

000 

.140 

3 

6.14 

16 

120 

60 

2058 

1000 

.186 

&A 

7.00 

16 

146 

70 

2801 

1200 

.260 

4 

9.16 

17 

166 

80 

8659 

1600 

.416 

*H 

11.6 

18 

186 

90 

4631 

2000 

.738 

6 

14.3 

19 

206 

100 

6717 

if  a  person  whose  eye  is  6.14  ft,  or  112  ft  above  the  sea,  sees  an  object  Just  at  the  sea't 
horison,  that  object  will  be  about  8  miles,  or  14  miles  distant  from  him. 

A  horizontal  line  is  not  a  level  one,  for  a  straight  line  cannot  be  a 
level  one.  The  oarve  or  the  earth,  as  exemplified  in  an  expanse  of  quiet  water,  is  level.  In  Fig  7, 
If  we  suppose  the  ourved  line  *  « t  g  to  represent  the  surface  of  the  sea,  then  the  points  t  p  s  and  g  are 
on  a  level  with  eaeh  other.  They  need  not  be  equidistant  from  the  center  or  the  earth,  for  the  sea  at 
the  poles  is  about  IS  miles  nearer  it  than  at  the  equator;  yet  Its  surface  is  everywhere  on  a  level. 
Up,  And  down,  refer  to  sea  level.  Level  means  parallel  to  the  curvature 
of  toe  sea;  and  horizontal  means  tangential  to  a  level. 


Ex.  4.   If  the  inaccessible  vert  height  e  d,  Fly  8, 

It  to  oUuaied  that  «m  cannot  nock  U  at  alt,  then  place  the  instrument  for  measuring  angles,  at  any 
ooovcoient  spot«:  and  in  range  between  n  and  a,  plant  two  staffs,  whose  tops  o  and  f  shall  range 
preetsely  with  ft,  though  they  need  not  be  on  the  same  level  or  hor  line  with  it.  Measure  «  o :  also 
fossa  n  measure  the  angle*  o»  4  and  o  n  c    Then  move  the  Instrument  to  the  precise  spot  previously 


which  he  had  no  idea.   For  allowance  for  curvature  and  refraction  see  above  Table. 
A  triangle  whose  aides)  are  as  3,  4,  and  5,  is  right  angled;  and  one 

#boec  sides)  art  as  Ti  7 1  and  9. 9:  contains  1  right  angle)  and  8  angles  of  46°  eaeh.    At  it  is 
to  lav  down  angles  of  46°  sod  90°  on  the  ground,  these  proportions  mar  1 
aping  a  portion  of  a  tapt«lino  or  ohain  into  soon  a  triangle,  and  driving 


qaeatiy  necessary 
the  purpose,  by  shs; 
eaeh  angle,    Sot  p 


fro- 
bs  need  for 
a  stake  al 
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Figr.0. 


eooupled  by  the  top  o  of  the  stiff;  and  from  o  measure  the  angle*  iod  and  doc.  This  being  done,  tub 

tract  the  angle  io  c  from 
180° ;  the  rem  will  be  the 
angle  eon.  Consequent- 
ly In  the  triangle  no c,  we 
hare  one  tide  n  o,  and  two 
angles,  o  n  o  and  e  o  n,  to 
And  by  Case  1  the  tide  o  e. 
Again,  take  the  angle  iod 
from  180°;  the  remainder 
will  be  the  angle  nod,io 
that  in  the  triangle  dno 
we  have  one  side  n  o,  and 
the  two  angles  dno  and 
nod,  io  find  by  Case  1 
the  side  od.  Finally,  in 
tbe  triangle  cod,  we  hare 
two  sides  c  o  and  o  d,  and 
their  inoludcd  angle  cod, 
to  find  e  d,  the  reqd  vert 
height. 

Rem.  If  e  d  were  in  a  valley,  or  on  a  hill,  and  the  observations  reqd  to  be  made  from  either  higher 
mr  lower  ground,  the  operation  would  be  precisely  the  same. 

Ex.  5.    See  Ex  10. 

To  find  the  dist  ao9  Fig  9,  between  two  entirely  inaccessible 

objects, 

Measure  a  side  ntx;  at  n  measure  tbe  angles  anm  and  on  mi  also  at  m  measnre  the  angles  omn  and 
a m n.  This  being  done,  we  have  in  the  triangle  anm,  one  side  n  m,  Fig  9, and  the  angle* anm,  and 
nma;  heuee,  by  Case  1,  we  eau  calculate  the  side  an. 
Again,  in  the  triangle  o  m  n  we  have  one  side  n  m,  and 
the  two  angles  omn,  and  ant;  henee,  by  Case  1 ,  we  oan 
calculate  the  side  n  o.  This  being  done,  wc  have  in  the 
triangle  ano,  two  sides  an,  and  no;  and  their  included 
angle  ano;  hence,  by  Case  S,  we  can  calculate  the  side 
ao,  which  is  the  reqd  dist.  It  Is  plain  that  in  this  manner 
we  may  obtain  also  tbe  position  or  direction  of  the  inacces- 
sible line  ao;  tor  we  can  calculate  the  angle  n  a  o ;  and  can 
therefrom  deduce  that  of  ao;  and  thus  be  enabled  to  ran 
a  line  parallel  to  it,  if  required.  By  drawing  n  m  on  pa- 
per bv  a  scale,  and  laying  down  the  four  measd  angles, 
the  dist  a  o  may  be  measd  upon  the  drawing  by  the  same  scale. 

If  the  position  of  the  inaccessible  dist  c  «,  Fig  10,  be  such  that 
we  can  place  a  stake  p  in  line  with  it, we  may  proceed  thus :  Place 
the  instrument  at  any  suitable  point  *,  and  take  tbe  angles  p  $  c 
andean.  Also  find  the  angle  cpt,  and  measure  the  dlstp*.  Then 
In  the  triangle  pie  fiud  «  c  by  Case  1 ;  again,  the  exterior  angle 
net,  being  equal  to  tbe  two  interior  and  opposite  angles  cpt, 
and -p  «  c,  we  have  in  the  triangle  ctn,  one  side  and  two  angle* 
to  find  c  n  by  Case  1. 


Fiff.  10. 


6.  To  find  a  dist  ab,  Fig:  11»  of  which 
the  ends  only  are  accessible. 

From  a  and  b,  measnre  any  two  lines  ae.b  c,  meeting  at  e ;  also 
measure  tbe  angle  acb.  Then  in  the  triangle  a b c  we  have  two 
sides,  and  the  included  angle,  to  find  the  third  side  a  b  by  Case  8. 

Ex.  7.  To  find  the  vert  height  o  in,  of  a 
hill,  above  a  given  point  i. 

Place  the  instrument  at  i ;  measure  a  m.  Directing 
.the  instrument  hor,  as  an,  take  the  angle  nam.  Then, 
'sinoe  anm  ii  90°  Fig  12,  we  hare  one  side  a  m,  and 
two  angles,  nam  and  anm,  to  find  nm  by  Case  I. 
Add  no,  equal  to  at,  tbe  height  of  the  instrument. 
Also.  If  the  bill  is  a  long  one,  add  for  curvature  of  the 
earth,  and  for  refraction,  as  explained  In  Example  3, 
Fig  7.  Or  the  Instrument  mat  be  placed  at  the  top  of 
the  hill ;  and  an  angle  of  depression  measured;  instead 
of  .the  angle  of  elevation  nam. 

Rbm.  1.  It  is  plain,  that  if  the  height  o  m  be  previously 
known,  and  we  wish  to  ascertain  the  dist  from  its  sum- 
mit m  to  any  point  i,  the  same  measurement  as  before, 
of  the  angle  nam,  will  enable  us  to  ealonlate  a  m  by 
Case  I.  So  in  Ex.  2,  If  the  height  na  be  known,  the  angle*  measd  In  that  example,  will  enable  us 
to  compnte'tbe  diet  ao;  to  also  In  Figs  S,  4,  6,  and  7  j  in  all  of  which  the  process  is  so  plain  as  to 
-  require  no  further  explanation. 

Ran.  a.  The  height  of  a  vert  objeet  by  means  of  its  shadow.  Plant  one  end  of 
a  straight  stiok  vert  In  the  grouud ;  and  measure  its  shadow ;  also  measure  the  length  of  the  shadow 
ef  the  objeot.    Then,  as  the  length  of  tbe  shadow  of  the  stick  1*  to  the  length  of  the  stick  above 


Tig.  12. 
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ground,  bo  it  the  length  of  the  shadow  of  the  object,  to  its  height. 
una*  be  equity  inclined.  ^ 


If  the  object  Is  Inclined,  the  stick 


Fig.  \%\ 


x,.R£w"  S,!  °£  *ne  l»«*lfl»*  of »  vert  object  mn, 

x  ig  12*4,  whose  distance  r  m  is  known,  may  be  found  by 
#W  its  reflection  in  a  vessel  of  water,  or  in  a  piece  of 

-.^J"  looking  giass  placed  perfectly  horizontal  at  r:  for  as  r  a  is  to  the  helsrht 

I  M    4  JlT*    ftlA     A**  A    a  Raw  A     *1»,u     maST^^A^.     —      ..   1 I    i_  ■ 

Fig.  12^ 


^■Jt''^      '/»  «  »  of  the  eye'above  rte  reflector  r,  so  is  r  m  to-. 
~  '     W  the  height  m  n  of  the  object  above  r.  71 


^    .  ^     Rem.  4.    Orletoe,  Figl 

a  planted  pole,  or  a  rod  held  vert  by  an  assistant. 

stand  at  a  proper  dist  back  from  it,  and  keeping  the  eyes  steady,  let 
made  at  o  and  c,  where  the  lines  of  sight  i  »  and  •  m  strike  the  rod. 
telstoco,  soisimtomn. 


■fcr^^xig.  van 


Fig.  18. 


The  following  examples  may  be  regarded  as  substitutes  for  strict  trigonome- 
try :  and  will  at  times  be  useful,  in  case  a  table  or  sines,  Ac,  is  not  at  hand  for 
making  trigonometrical  calculations. 

Ex.  8.  To  find  the  dist  ab,  of  which  one  end  only 

is  accessible. 

Drive  *  stake  «t  any  convenient  point  a ;  from  a  lay  off  any  angle  b  a  c.  In 
the  line  a  c,  at  any  convenient  point  c,  drive  a  stake ;  and  from  c  lay  off  an  angle 
9cd,  equal  to  the  angle  b  ac.  In  the  line  c  d,  at  any  convenient  polut,  as  d, 
drive  a  stake.  Then,  standing  at  d,  and  looking  at  6,  place  a  stake  o  in  range 
with  d  h ;  and  at  the  same  time  in  the  line  a  c.  Measure  a  o,  o  c,  and  cd :  then, 
from  the  principle  of  similar  triangles,  as 

o  e  t  c  d  1 1  a  o  i  a  b. 


Fig. 15.      % 


%  Or  thus: 

Fig  14, n *  being  the  dist,  place  a  stake  at  n ;  and  lay  off  the  angle knm  90°. 
At  any  convenient  dist  n  m,  place  a  stake  m.  Make  the  angle  h  m  y =90° ;  and 
P1"*  »  «take  at  y,  in  range  with  An.  Measure  nyaodsn;  then,  from  the 
principle  of  similar  triangles,  as 

n  y  :  n  w»  t :  n  m  : n  h. 

Or  thus,  Fig  14.    Lay  off  the  angle  A  n  m  =  90°,  placing  a  stake 

ijl  at  any  convenient  dist  n  m.  Measure  n  n»,  Also  measure  the  angle  nmk. 
Find  nat  tang  of  n  m  k  by  Table  Mult  this  nat  tang  by  n  m.    The  prod 

will  be  nJL  • 

Or  thus.  Lay  off  angle  hnm  —  90°.  From  m  measure  the 
angle n  m  A,  and  lay  off  angle  nsy  equal  to  it,  placing  a  stake  at  y  in  ranee 
with  \  n.    Then  is  n  y  =  n  A. 

Or  thus,  without  measuring 
any  angle ; 

tu  being  the  dist.  Make  uv  of  any  .convenient 
length,  in  range  with  t  u.  Measure  any  vo;  and 
ox  equal  to  it,  in  range.  Measure  u  o;  and  of 
equal  to  it  in  range.  Plaee-a  stake  *  In  range  with 
both  x  y,  and  t  o.  Then  will  y  *  be  both  equal  to 
t  u,  and  parallel  to  it. 


Or  thns,  without  measuring  any  angle. 

Drive  two  stakes  t  and  u,  in  range  with  the  object  s.  Prom  ( lay  off  any 
convenient  dist  t  x,  in  any  direction.  From  u  lay  off  u  w  parallel  to  t  x, 
placing  w  in  range  with  x  s.  Make  u  v  equal  to  t  *.  Measure  u> «,  v  «,  and 
•  f.    Then,  as 

tv  t>  t  V  «  *  *  » t  i  t  4. 

Or  thus.    At  a  lay  off  angle  o  a  e  *■  6°  48*.    Lay 
off  00  at  right  angles  to  ao.    Measure  oc.    Then 
v     la        ao  »  10 o 0,  too  long  only  1  part  in  035.6,  or  5.648  feet 
*  'g.  Jo.       i„  a  miie  or  ,i069  foot  (full  1}  inches)  in  100  feet. 
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Ex.  9.   To  find  the  dist  a  ft,  or  which  the 
ends  only  are  accessible. 

From  a  lajnoff  tbe angle  bac;  and  from  6,  the  angle  abd.  each 
90°.  Make  a c  and  bd  equal  to  eaeh  other.  Then,  cd~ab.  Or 
a  h  may  be  considered  as  the  dist  across  the  river  in  Figs  15,  13,  or 
14 ;  and  be  ascertained  in  the  same  way.  Or  measare  any  dist.  Ffaj 
17,  a  o;  and  make  o  n  in  line  and  equal  to  it.  Also  measnre  bo; 
and  make  om  in  Sine  and  equal  to  it.  Then  will  mn  be  both  paral* 
leJ  to  a  b,  and  equal  to  it. 


Fig.  18. 


Ex.  10.   See  Ex.  4.   To  find  the  entirely 

Inaccessible  dist  y  xf  and  also 

Its  direction. 

At  any  two  convenient  points  a  and  b,  from  each  of  which 
y  and  *  oan  be  seen,  drive  stakes.  Then  we  have  the  four 
corners  of  a  four-sided  Hgure,  in  which  are  given  the  directions 
of  three  ef  its  sides,  and  of  Its  two  (Hags.  These  data  enable  us 
to  lay  out  on  the  ground,  the  small  four-sided  fiiaeoi,  exactly 
similar  to  the  large  one.  Thus,  in  the  line  ab  place  a  stake 
0>  and  make  co  parallel  to  6«;  o  being  at  the  same  time  in 
range  of  the  diag  a  x.  Also,  from  c  make  c  i  parallel  to  6  y; 
i  being  at  the  same  time  in  range  of  a  y.  Then  will  i  o  be  in 
the  same  direction  as  y  *,  or  parallel  to  it.  Measnre  a  e,  ab, 
and  io;  then  evidently,  from  the  principle  of  similar  figures,  as 

actabtiioiy*. 

If  y  m  were  a  visible  line,  such  as  a  fence  or  road,  we  could 
from  a  divide  It  into  any  required  portions.  Thus,  If  we  wish 
to  place  a  stake  halfway  between  y  and  «.  first  place  one  half- 
way between  i  and  o;  then  standing  at  a,  by  means  of  signals, 
place  a  person  in  range  on  y  *.  Or,  to  find  along  ab,  %  point  t 
perp  to  y  «  at  y,  first  make  oie  —  90° ;  and  measure  a s.  Then, 

oil  as  :  xy  z  t  at.  • 

Ex.  11.  To  find  the  position  of  a  point,  n,  Fig:  19, 

By  meant  of  two  angle*  a  n  b  and  b  n  o.  taken  from  it  to  the  three  object*  a  b  c,  whose ; 

and  diet*  apart  are  known. 

The  use  of  this  problem  is  more  frequent  in  marine  than  in  land  surveying.  It  is  chiefly  i 
for  determining  the  position  n  of  a 
boat  from  which  soundings  are  being 
taken  along  a  coast.  As  the  boat 
moves  from  point  to  point  to  take 
fresh  soundings,  it  becomes  necessary 
to  make  a  fresh  observation  at  each, 
point,  in  order  to  define  its  position 
on  the  chart.  An  observation  consists 
in  the  measurement  by  a  sextant  of 
the  two  angles  an 6,  on c,  to  tbe  sig- 
nals abc.  previously  arranged  on  the 
shore.  When  practicable,  this  method 
shoulJ  be  rejected ;  and  the  observe* 
tions  taken  to  the  boat  at  the  same 
Instant,  by  two  observers  on  shore,  at 
two  of  the  stations.  The  boat  to  show 
a  signal  at  the  proper  moment.  The 
most  expeditions  mode  of  fixing  the  TO      -Q 

(>oint  n  upon  the  map,  is  to  draw  three  rig.  IV. 

Ines,  forming  the  two  angles,  and  ex* 
tended  Indefinitely,  on  a  piece  of  trans- 

parent  paper.    Place  the  paper  upon  the  map,  and  move  It  about  until  tbe  three  lines  pees  thraugk 
tbe  three  stations ;  then  prick  through  the  point  n  wherever  it  happens  to  come. 

Instead  of  the  transparent  paper,  an  Instrument  called  a  station  pointer  may  be  need  when  there 
are  manr  points  to  be  fixed. 

But  the  position  of  the  point  n  can  be  found  more  correctly  by  describing  two  circles,  as  in  Fig  If, 
each  of  which  shall  pass  through  n  and  two  of  the  station  points.  The  question  Is  to  find  the  centers 
o  and  x  of  two  such  circles.  This  is  very  simple.  We  know  that  the  angle  e  o  e  at  the  center  of  a  circle  la 
twice  as  great  as  any  angle  a  n  b  at  the  cironmf  of  tbe  seme  circle,  when  both  are  subtended  by  the 
lame  chord  a  b.  Consequently,  if  the  angle  anb,  observed  from  the  boat,  Is.  say,  60°,  the  angle  «  e  • 
must  be  100°.  And,  since  the  three  angles  of  every  plane  triangle  ere  equal  to  180°,  tbe  two  angles 
o  ab  and  oba  are  together  equal  to  160°  — 100°  =  80°.  And,  since  the  two  aides  a  o  and  e  •  are 
equal  (being  radii  of  the  same  circle),  therefore,  the  angles  oab  and  o  b  a  are  equal  *  and  eaeh  venal  te 

— -  =  «0°.    Consequently,  on  the  map  we  have  only  to  ley  down  at  a  and  o,  two  angles  of  40° ;  the" 

Print  o  of  intersection  will  be  tbe  center  of  the  circle  a  %  n.  Proceed  in  the  same  way  with  the  angle 
n  c,  to  And  tiki  etnter  s.   Then  tbe  intersection  ef  tbe  two  circles  at  n  will  he  tbe  point  sseght 
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PARALLELOGBAH8. 

Square.  Rectangle*        Bhombus. 


Rhomboid. 


8 

A  parallelogram  is  any  figure  of  four  straight  sides,  the  opposite  ones  of  which 
are  parallel.  There  are  but  four,  as  in  the  above  figs.  The  rhombus,  like  the  rhom- 
bohedron,  Fig  3,  p  166,  is  sometimes  called  "  rhomb."  In  the  square  and  rhombus 
all  the  four  tides  are  equal ;  in  the  rectangle  and  rhomboid  only  the  opposite  ones 
are  equal.  In  any  parallelogram  the  four  angles  amount  to  four  right  angles,  or 
360°;  and  any  two  diagonally  opposite  angles  are  equal  to  each  other;  hence,  haviug 
one  angle  given,  the  other  three  can  readily  be  found.  In  a  square,  or  a  rhombus,  a 
diag  divides  each  of  two  angles  into  two  equal  parts ;  but  in  the  two  other  parallel- 
ograms it  does  not. 

To  find  the  area  of  any  parallelogram. 

Multiply  any  tide,  as  8,  by  the  perp  height,  or  dist  p  to  the  opposite  aide.  Or,  multiply  together 
two  aides  and  nat  sine  of  their  included  angle. 

The  diag  a  b  of  any  square  is  equal  to  one  aide  mult  by  1.41421 ;  and  a  side  Is  equal  to 
diagonal 
j^jj-  ;  or,  to  diag  mult  by  .707107. 

The  aide  of  a  square  equal  In  area  to  a  given  elrele,  is  equal  to  diam  X  .886327. 

The  aide  of  the  greatest  square,  mat  can  be  inscribed  in 
a  given  eircU,  is  equal  to  diam  X  .707107. 

The  side  of  a  square  mult  by  1.51967  gives  the  aide  of  au  equi- 
lateral triangle  of  the  name  area.  All  parallelograms  as  A 
and  C,  whleh  have  equal  bases,  •  c,  aud  equal  perp  heights  n 
c,  have  aiso  equal  areas ;  aud  the  area  of  each  is  twice  that  of  a  tri- 
angle having  the  same  base,  and  perp  height.  The  area  of  a 
square  Inscribed  la  a  elrele  is  equal  to  twiee  the  squat  e  of  the 
rad. 

In  every  parallelogram,  the  4  squares  drawn  on  its  rides  have  a  united  area  equal  to  that  of 
the  two  squares  drawn  ou  it*  it  dlags.    if  a  larger  square  he  drawn  on  the  diag  a  6  of  a  smnller 

Suare.  lis  area  will  be  twice  that  of  said  smaller  »quare.  Either  diag  of  any  parallelogram 
rid«s  it  into  two  equal  triangles,  and  the  2  diags  air  tt  into  4  triangles  of  equal  areas.  The  two 
dings  ofaayparallelogrant  divide  eaoh  other  into  two  equal  parts.  Any  line  drawn  through 
the  eenter  of  a  diag  divides  the  parallelogram  into  two  equal  parts. 

Remark  1,— The  urea  of  nay  ag  whatever  as  B  that  la  enclosed  by  four  straight 
lines,  may  be  found  thus :  Mult  together  the  two  diags  a  m,  n  6 ;  and  the  nat  sine  of  the  least  augle 
a  o  ft ;  or  n  o  •*,  formed  by  their  intersection.  Div  the  product  by  2.  This  Is  useful  in  land  surveying, 
when  obstacles,  as  is  often  the  case,  make  It  diffloult  to  measure  the  sides  of  the  fig  or  field ;  while  It 
may  be  easy  to  measure  the  diags ;  and  after  finding  their  point  of  intersection  o,  to  measure  the  re- 
sawed  angle.  Bat  If  the  ag  Is  to  be  drawn,  the  parts  o  a,  o  6,  o  n,  o  m  of  the  diags  must  also 
beateasd. 

Bens,  •.—The  sides  of  a  parallelogram,  triangle,  and  many  other  ngs  may  he 
■hand,  when  only  the  area  and  angles  are  given,  thus :  Assume  some  particular  oue  of  its 
•idea  to  be  or  tke  length  1 ;  and  calculate  what  its  area  would  be  if  that  were  the  case.  Then  as  the 
aq  rt  of  the  arts  thus  found  Is  to  this  side  1,  so  Is  toe  sq  rt  of  the  actual  given  area,  to  the  corre- 
sponding actual  side  of  the  fig. 


On  a  given  line  foa%to  draw  a  sqaarCf 

to  xti  m. 

From  tc  and  x,  with  rad  to  as,  describe  the  arcs  zry  and  wre. 
From  their  intersection  r,  and  with  rad  equal  to  H  otwx,  describe 
s  *  «.  From  w  and  as  draw  w  n  ard  xm  tangential  tout,  and 
ending  at  the  other  ares ;  join  n  nt . 
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TRAPEZOIDS  AND  TRAPEZIUMS. 


TBAPEZOID§. 


a     s 

A  trapezoid  a  c  n  m,  la  any  figure  with  four  straight  ■ldei,  only  two  of  whkh,  ai  ae  and  n  *t,  art 
parallel. 

To  find  the  area  of  any  trapezoid. 

Add  together  the  two  parallel  sides,  ae  and  ntn;  malt  the  ram  by  the  perp  dint* I  between 
them ;  div  the  prod  by  3.  See  the  following  rules  for  trapeziums,  whioh  are  all  equally  applicable 
to  trapezoids ;  also  see  Remarks  after  Parallelograms. 

TRAPEZIUMS. 


A  trapezium  a  b  c  o,  is  any  fig  with  four  straight  sides,  of  whioh  no  two  are  parallel. 

To  find  the  area  of  any  trapeslnm,  having  given  the  diajr 
bo,  or  a  e,  between  either  pair  of  opposite  angles  $  and  also 
the  two  perns,  n,  n,  front  the  other  two  angles. 

Add  together  these  two  perps ;  molt  the  sum  by  the  diag ;  div  the  prod  by  2. 

Having  the  fonr  sides  i  and  either  pair  of  opposite  angles, 

as  a  be,  aoc;  or  bao,  and  b  c o. 

Consider  the  trapeziam  as  divided  into  two  triangles,  In  eaeh  of  which  are  given  two  aides  and  the 
Inoluded  angle.  Find  the  area  of  each  of  these  triangles  as  directed  under  the  preceding  head  "  Tri- 
angles," and  add  them  together. 

Having  the  fonr  angles,  and  either  pair  of  opposite  sides. 

Begin  with  one  of  the  sides,  and  the  two  angles  at  its  ends.  If  the  sum  of  these  two  angles  exoeedi 
180°,  subtract  eaeh  of  tbem  from  180°.  and  make  use  of  the  reins  instead  of  the  angles  themselves. 
Then  consider  this  side  and  its  two  adjacent  angles  (or  the  two  rems,  as  the  case  may  be)  as  those 
ef  a  triangle;  and  find  its  area  ae  directed  for  that  oaee  under  the  preceding  bead  "  Triangle."  Do 
the  same  with  the  other  given  side,  and  its  two  adjacent  angles,  (or  their  rems,  ae  the  ease  may  be.) 
Subtract  the  least  of  the  areas  thus  found,  from  the  greatest;  the  rem  will  be  the  reqd  area. 

Having  three  sides ;  and  the  two  included  angles. 

llult  together  the  middle  side,  and  oue  of  the  adjacent  sides ;  mult  the  prod  by  the  nat  sine  ef  their 
Included  angle ;  call  the  result  a.  Do  the  same  with  the  middle  side  and  its  other  adjacent  side, 
and  the  nat  sine  of  the  other  iuoluded  angle;  call  the  result  ».  Add  the  two  angles  together;  Sod 
the  din*  between  their  sum  and  180°,  whether  greater  or  less  ;  find  the  nat  sine  of  this  diff;  mult 
together  the  two  given  sides  whioh  are  opposite  one  another ;  mult  the  prod  by  the  nat  sine  just  foand ; 
call  the  result  e.  Add  together  the  results  a  and  6 ;  then,  if  the  sum  of  the  two  given  angles  is  lee* 
than  180°,  subtract  c  from  the  sum  of  a  and  6 ;  half  the  rem  will  be  the  area  of  the  trapezium.  Bqt 
if  the  sum  of  the  two  given  angles  be  greater  than  180°,  add  together  the  three  results  a,  o,  and  c; 
half  their  sum  will  be  the  area. 

Having  the  two  diagonals,  and  either  angle  formed  by  their 

intersection. 

See  Remarks  after  Parallelograms,  p  119. 

In  railroad  measurements 

Of  excavation  and  embankment,  the  trapezium 
Imno  frequently  occurs ;  as  well  as  the  two  5-sided 
figures  imnot  and  imnoi;  in  all  of  which  m  n 
represents  the  roadway ;  ra,rcj  and  r  t  the  center- 
depths  or  heights ;  I  u  and  o  v  the  lide-deptbs  or 
heights,  as  given  by  the  level;  Im  and  n  o  the  side- 
slopes. 

The  same  general  rule  for  area  applies  to  all  three 
of  these  figs ;  namely,  mult  the  extreme  hor  width 
u  v  by  half  the  center  depth  r  «,  r  c.  or  r  t,  as  the 
oase  may  be.  Also  mult  one  fourth  of  the  width  of 
roadway  m  »,  by  the  turn  of  the  two  side-depths  I  u 
and  o  e.  Add  the  two  prods  together;  the  sum  is  the 
reqd  area.  This  rule  applies  whether  the  two  side- 
slopes  m  I  and  n  o  have  the  same  angle  of  inclination  or  not.  1b  railroad  work,  eta*  the  mid. 
way  hor  width,  center  depth,  and  side  depths  of  a  prismoid  are  respectively  =»  The  half  sums  of 
the  corresponding  end  ones,  and  thus  oan  be  found  without  actual  measurement. 
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To  draw  a  hexagon,  each  side  of  which  shall 
be  equal  to  a  given  line,  a  b. 

From  a  and  ft,  with  rad  a  ft,  describe  tbe  two  arcs  j  from  their  intersection, 
I,  with  the  same  rad,  describe  a  circle ;  around  the  cironmf  of  which,  step  off 
the  same  rad. 

Side  of  a  hexagon  =*nnX  .57736. 


To  draw  an  octagon,  with  each  side 
equal  to  a  given  line,  o  e. 

From  c  and  e  draw  two  perps,  ep,  ep.  Also  prolong  c  e  toward 
/  and  g ;  and  from  c  and  o,  with  rad  equal  c  e,  draw  the  two 
quadrants ;  and  find  their  centers  Aft;  join  c  A,  and  e  h ;  draw 
ft  *  and  a  t parallel  to  cp ;  and  make  each  of  them  equal  to  c  e; 
co,  and  «  o,  each  equal  to  *  A ;  join  00,0$,  and  0  t. 


Side  of  an  octagon  =  nnX  .41421354. 


To  draw  an  octagon  in  a  given  square. 

From  each  corner  of  the  square,  and  with  a  rad  equal  to  half  its  diag, 
desert  be  the  four  area;  and  join  the  points  at  whioh  they  out  the  sides  of  the 
square. 

To  draw  any  regular  polygon,  with  each  side 

equal  to  m  n. 

Div  380  degrees  by  the  number  of  sides;  take  the  quot  from  180°;  div  the 
rem  by  2.  This  will  give  the  angle  cmn.orcnm.  At  m  and  n  lay  down  these 
angles  by  a  protractor :  the  sides  of  these  angles  will  meet  at  a  point,  c,  from 
which  describe  the  circle  nny;  and  around  its  oircnmf  step  off  dists  equal  to 

In  any  circle,  m  n  y,  to  draw  any  regular 

polygon. 

DtvM0°  by  the  number  of  sides ;  tbe  quot  will  be  the  angle  men,  at  the  center. 
Lay  off  this  angle  by  a  protractor ;  and  its  chord  m  n  will  be  one  side ;  which 
step  off  around  the  eiroomf. 

To  reduce  any  polygon,  na  abide  fa,  to  a  triangle  of  the 

same  area. 


w 


Fiflr.l. 


Fi«r.  2. 


If  we  produce  the  side  fa  toward  to;  and  draw  ft  g  parallel  to  a  c,  and  join  g  e,  we  get  equal  trl 
angles  a  c  ft,  and  a  e  g%  both  on  the  same  base  a  c ;  and  both  of  the  same  perp  height,  inasmuch  as 
they  are  between  the  two  parallels  a  c  and  g  ft.    But  the  part  aei  forms  a  portion  of  both  these  tri- 
angles, or  in  other  words,  U  common  to  both.    Therefore,  if  it  be  taken  away  from  both  triangles, 
the  remaining  parts,  i  c  ft  of  aim  of  them,  and  i  g  a  or  the  other,  are  also  equal.    Therefore,  if  tb<i 

Crt  i  c  6  be  left  off  from  the  polygon,  and  the  pan  i  g  a  be  taken  into  it,  the  polygon  gfedeig  will 
re  the  same  area  as  a/«  d  e  ft  a;  but  it  will  have  but  five  sides,  while  the  other  has  six.  Again. 
if  e  s  be  drawn  parallel  to  d  /,  and  d  •  joined,  we  have  upon  the  same  base  e  *,  and  between  the  same 
parallels  t  s  and  df,  the  two  equal  triangles  e  «  d,  and  e  «/,  with  the  part  e  o  «  common  to  both ;  and 
consequently  the  remaining  part  «odof  one,  and  o  «/  of  the  other,  are  equal.  Therefore,  if  o  «/  be 
left  off  rrom  the  polygon,  and  eod  be  taken  into  it,  tbe  new  polygon  gtdeg,  Fig  2,  will  have  the  same 
area  as  gfedcg;  but  it  has  but  four  sides,  while  the  other  has  five.  Finally,  if  g  «,  Fig  2,  be 
extended  toward  »;  and  d  n  drawn  parallel  to  c  $ ;  and  o  n  joined,  we  have  on  the  same  base  c  s,and 
between  the  same  parallels  c  s  aud  d  n,  the  two  equal  triangles  o  a  n,  and  cad,  with  the  part  eat 
common  to  both.  'Therefore,  if  we  leave  out  cdt,  and  take  in  s  t  n,  we  have  the  triangle  gnc  equal 
to  the  polygon  gadcg,  Fig  2;  or  to  afe  deb  a.  Fig  1. 
This  simple  method  u  applicable  to  polygons  of  any  number  of  sides. 
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POLYGONS. 


Co  reduce  a  large  fig,  abed efg,  to  a  smaller 

similar  one. 

From  any  interior  point  o,  which  had  better  be  near  the  center,  draw  lines 
to  all  the  angles  a,  b.  e,  Ac  Join  there  lines  by  others  parallel  to  the  sides 
of  the  fig.  If  it  should  be  reqd  to  enlarge  a  small  fig,  draw,  from  any  point 
0  within  it,  lines  extending  beyond  its  angles ;  and  join  these  lines  by  others 
parallel  to  the  sides  of  the  small  fig. 

To  rednee  a  map  to  one  on  a  smaller  seale. 

The  best  method  is  by  dividing  the  large  map  into  squares  by  mint  lines,  with  a 
pencil ;  and  then  drawing  the  reduced  map  upon  a  sheet  of 
smaller  squares.  A  pair  of  proportional  dividers  will  assist 
much  in  fixing  points  intermediate  of  the  sides  or  the  squares. 
If  the  large  map  would  be  injured  by  drawing  and  rubbing 
out  the  squares,  threads  may  be  stretched  across  it  to  form  the 
squares. 

Maps,  plans,  and  drawings  of  all  kinds,  are  now  copied, 
reduced,  enlarged,  and  multiplied,  cheaply  and  expeditiously,  by 
photography.  Most  of  the  newer  illustrations  in  this  work  are 
from  electrotypes  made  by  tbe  "  wax  process,"  carried  on  by 
R.  D.  Servos*.  21  Centre  St.,  New  York ;  Jos.  Struthers  A  Co.,  24 
New  Chambers  St.,  New  York  ;  American  Rank  Note  Co.,  Trlultv 
Place,  New  York,  and  A.  Zeese  A  Co.,  119  Monroe  St.,  Chicago. 

In  a  rectangular  fig,  ghsd, 

Representing  an  open  panel,  to  find  the  points  oooo  in  its 
sides ;  and  at  equal  dists  from  the  angles  g,  and  « ;  for  inserting 
a  dlag  piece  o  o  o  o,  of  a  given  width  1 I,  measured  at  right 
angles  to  its  length.  From  g  and  »  as  centers,  describe  several 
concentric  arcs,  as  in  the  Fig.  Draw  upon  transparent  paper, 
two  parallel  lines  a  a.  c  c,  at  a  distance  apart  equal  to  1 1;  and 

{>lacing  these  lines  on  top  of  the  panel,  move  them  about  until  it 
s  shown  by  the  ares  that  the  four  dints  g o.  go,  *  o,  so,  are 
equal.  Instead  of  the  transparent  paper,  a  strip  of  common 
paper,  of  the  width  1 1  may  be  uoed. 

Rkm.  Many  problems  which  would  otherwise  be  very  difficult. 
may  be  thns  solved  with  an  accuracy  sufficient  for  practical 

purposes,  by  means  of  transparent  paper. 

To  find  the  area  of  any  irregular  poly* 
gon,  an  be  m. 

Div  it  into  triangles,  as  a  n  6,  a  m  e,  and  a  be;  in  each  of 
which  find  the  perp  dist  o,  between  Its  base  a  b,  •  c,  or  b  c;  and 
the  opposite  angle  n,  m,  or  a;  mult  each  base  by  its  perp  dist; 
add  all  tbe  prods  together ;  div  by  2. 

To  find  approx  the  area  of  a  long  ir- 
regular fig,  aaabcd.    Between  its  ends  ab,cd, 


roc:;f 


space  off  equal  dists,  (the  shorter  they  are  the  more  accurate  will  be  the  result,)  through  which 
draw  the  intermediate  parallel  lines  I,  2,  3,  Ac,  across  the  breadth  of  the  fig.  Measure  the  lengths 
of  these  intermediate  lines :  add  them  together ;  to  the  sum  add  half  the  sum  of  the  two  end  breadths 
a  b  and  c  d.  Mult  the  entire  sum  by  one  of  the  equal  spaces  between  the  parallel  lines.  The  prod 
will  be  the  area.  This  rule  answers  as  well  if  either  one  or  both  the  ends  terminate  in  points,  as  at  m 
and  n.  In  tbe  last  of  these  cases,  both  a  6  and  e  d  will  be  included  in  the  intermediate  lines ;  and 
half  the  two  end  breadths  will  be  0,  or  nothing. 

To  find  the  area  of  a  fig  whose  outline  is  extremely 

irregular. 

Draw  lines  around  it  which  shall  enclose  withim 
them  (as  nearly  as  can  be  judged  by  eye)  as  much 
space  not  belonging  to  the  fig,  as  they  exclude  space 
belonging  to  it.  The  area  of  the  simplified  fig  thns 
formed, being  in  this  manner  rendered  equal  to  that 
of  the  complicated  one,  may  be  calculated  by  dividing 
it  into  triangles,  Ac.  By  using  a  piece  of  fine  thread, 
the  proper  position  for  the  new  boundary  lines  may 
be  found,  before  draw  log  them  in.  Small  irregular 
areas  may  be  found  from  a  drawing,  by  laying  upon 
it  a  piece  of  transparent  paper  carefully  ruled  into 
small  squares,  each  of  a  given  area,  say  10,  20.  or 
100  sq  ft  each;  and  by  first  counting  the  whole 
squares,  and  then  adding  the  fractious  of  squares. 
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CIRCLES. 

A.  eirele  Uthe  area  tndnded  within  a  carved  Hoe  of  such  a  character  tfcnt  every  point  fa  ft  It 
equally  distant  from  a  certain  point  within  it,  called  its  center.  The  curved  line  itself  is  nulled  the 
circumference,  or  periphery  of  the  circle;  or  very  commonlj  it  is  called  the  circle. 

To  find  the  circumference. 

Male  dtam  by  3.1416,  which  give*  too  much  by  only  .148  of  an  Incb  in  a  mile.  Or,  as  115  fa  to  SS6 
so  is  dlaaa  to  cireamf;  too  great  1  Inch  in  186  miles.  Or,  molt  dlam  by  s} ;  too  great  by  about  1 
part  in  9485.  Or,  mult  area  by  13.606,  and  take  aq  root  of  prod.  Or*  use  tables  pp.  135  fce.  The 
Greek  letter  «\  also  p,  is  used  by  writers  to  donate  this  8.1*16;  and  »8  =  3.8*960. 

To  find  the  dlam. 

Dit  the  eiroumf  by  S.1416 :  or,  as  355  is  to  113,  so  la  eireumf  to  dlam :  or,  molt  tbe  cireamf.  by  7 : 
and  dlv  Uteprod  by  IX,  wbteh  gives  the  dlam  too  small  by  only  about  one  part  in  3481 ;  or,  molt  the 
area  by  1.3733;  and  take  the  eq  rt  of  the  prod ;  or  nse  tables  of  circles,  pp  125,  Ae. 

The  dlam  is  to  the  cireamf  more  exactly  as  1  to  3.14150265. 

To  find  the  urea  of  a  circle. 

Square  the  dlam;  malt  thU  square  by  .7854;  or  more  accurately  by  .78533816;  or  square  tbe  dr- 
eau»r;  malt  this  square  by  .07958;  or  more  accurately  by  .07367747 ;  or  malt  half  the  diani  by  half  the 
einenmf;  or  refer  to  the  following  table  of  areas  of  circles.    Also  area  =  aq  of  rod  X  3.1416. 

The  area  of  a  circle  Is  to  tbe  area  of  any  circumscribed  straight-sided  fig,  as  the  circumf  of  tbe 
circle  is  to  tbe  circumf  or  periphery  of  the  fig.  The  area  of  a  square  Inscribed  la  s  circle,  U  equal  to 
twice  the  square  of  tbe  rad.    Of  a  circle  in  a  Kquare,  -  square  X  .7854. 

It  is  eotumilent  to  remember,  In  rounding  off*  square  corner  a  b  e,  by  n  quarter  of  j 
a  circle,  that  the  shaded  area  a  6  c  is  equal  to  about  1  pari  (correctly  .3146)  of  the  a 
whole  square  «  b  e  4.  V 


For  table*  of  el  ream  Terences  and  are 
Clem,  nee  pages  125  to  1  Mi. 


as  of  cir- 


To  find  the  dtam  of  a  circle  eqnal  In  area  to  a  given  square. 

Mutt  one  side  of  the  square  by  1.12838. 

To  find  the  rad  of  a  circle  to  circumscribe  a  given  square. 

Mult  owe  side  by  .7071 ;  or  take  H  the  dtag. 

To  find  the  Aide  of  a  square  equal  in  area  to  a  given  circle. 

Mutt  the  diam  by  .68633. 

To  find  the  side  of  the  greatest  square  In  a  given  circle. 

Mult  diam  by  .7071.    The  area  of  the  greatest  square  that  can  be  inscribed  in  a  circle  is  equal  to 
twine  the  square  of  the  rad.  ThedismX  by  l.:i«W  gives  the  aideof  an  equilateral  triangle  of  equal  area, 


To  find  the  center  e,  of  a  given  eirele. 

Draw  any  chord  a  h ;  and  from  the  middle  of  it  e,  draw  at  r'fht  angles  to 
k,  a  diam  dg;  find  tbe  center  c  of  this  diam. 


To  describe  a'  circle  through  any  three 
points,  a  be,  not  in  a  straight  line. 

Join  the  points  by  the  lines  ab,be;  from  the  centers  of  these  lines  draw 
the  dotted  perps  meeting,  as  at  o,  which  will  be  the  center  of  the  circle. 
Or  from  b,  with  auy  convenient  rad.  draw  the  arc  m  »;  and  from  a  and  e, 
with  the  same  rad,  draw  arcs  y  and  x;  then  two  lines  drawn  through  the 
intersections  of  these  ares,  will  meet  at  too  center  o. 

To  describe  a  circle   to   touch   the  three 
angles  of  a  triangle  is  plainly  the  same  as  this. 
To  Inscribe  a  circle  iu  a  triangle  draw  two  lines 

bisecting  any  two  of  the  angles.     \Thcre  these  lines  meet  Is  the  center  or 
the  eirele. 
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CIRCLES. 


To  draw  a  tangent,  i  e  i,  to  a  circle,  from  any 
given  point,  e,  in  its  eireumf. 

Through  the  center  n,  and  the  given  point  c,  draw  no;  make  •  o  equal  u 
«  n ;  from  n  and  o,  with  any  rad  greater  than  half  of  o  n,  describe  the  tw« 
pairs  of  arc  <  <;  join  their  intersections  i  i. 

Here,  and  in  the  following  three  figs,  the  tangetUt  are  ordinary  or  geo- 
metrical ones;  and  may  end  where  we  please.     But  the  trigoaowutrictU 
tangent  of  a  given  angte,  must  end  in  a  secant,  as  in  the  top  fig  of  p  59. 
Or  from  e  lay  off  two  equal  distances  e  c,  e  t;  and  draw  i  i 

parallel  to  e  L 

To  draw  a  tang,  «  s  b,  to  a  circle,  from  a  point, 
a,  which  is  outside  or  the  circle. 

Draw  o  e,  and  on  it  describe  a  semicircle;  through  the  intersection,  «,  draw 
a  ab.    Here  c  is  the  oenter  of  the  circle. 


To  draw  a  tang,  g  h.  from  a  circular  arc,  &  a.  c, 

Of  which  n  a  is  the  Hue.    With  rad  q  a,  describe  an  arc,  tao.     Hake  I  m 
equal  to  *  a.    Through  •  draw  g  a. 


r©  draw  a  tang  to  two  circles. 

Pint  draw  tne  Mae  mn,  just  touching  the  two 
circles;  this  given  the  direction  or  the  tang.  Then 
from  the  centers  of  the  circles  draw  the  radii,  o  0,  perp 
lo»tt.  The  points  t 1  are  the  tang  points.  If  the 
tang  is  in  the  position  of  the  dotted  line,  sy,  the  ope- 
ration i&  the  same. 


If  any  two  chords,  as  a  b,  o  c,  cross  each  other. 

then  aaon:nb::an:nc.   Hence,  n  b  X_*  »  =  on  X  ne.  Thai 


/      is,  the  product  of  the  two  parts  of  one  of  the  lines,  is  =  the  pro* 
0     duct  of  the  two  parts  of  the  other  line. 
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CIRCLES. 


TABLE  9  OF  CIRCLES. 
Diameter*  In  unite  and  tenths. 


Dla. 

Clrctnf. 

Area. 

Ma. 

Clremf. 

Ares. 

Dim. 

Cirtenf. 

Area. 

0.1 

.814159 

.007854 

6.8 

19.79208 

81.17245 

1*.5 

89.26991 

122.7185 

.2 

.628319 

.031416 

.4 

20.10619 

82.16991 

.6 

89.58407 

124.6898 

.8 

.942478 

.070686 

.5 

20.42035 

33.18807 

.7 

89.89823 

126.6769 

.4 

1.256637 

J25664 

A 

20.73451 

84.21194 

A 

40.21289 

128.6796 

.6 

1.570796 

.196850 

.7 

21.04867 

85.25652 

.9 

40.52655 

180.6981 

.6 

1.884956 

.282748 

.8 

21.86288 

86.31681 

18.0 

40.84070 

182.7323 

.7 

2.199115 

.384845 

.9 

21.67699 

37.89281 

.1 

41.15486 

134.7822 

.8 

2.513274 

.502655 

7.0 

21.99115 

88.48451 

JZ 

41.46902 

186.8478 

.9 

2.827433 

.636178 

.1 

22.80531 

89.59192 

A 

41.78818 

188.9291 

1.0 

8.141593 

.785898 

.2 

22.61947 

40.71504 

A 

42.09784 

141.0261 

.1 

3.455752 

.950382 

.8 

22.93363 

41.85887 

A 

42.41150 

143.1388 

.2 

8.769911 

1.13097 

A 

23.24779 

43.00840 

A 

42.72566 

145.2672 

.3 

4.084070 

1.32732 

A 

23.56194 

44.17865 

.7 

43.08982 

147.4U4 

.4 

4.398280 

1.53938 

.6 

23.87610 

45.36460 

.8 

43.35898 

149.5712 

.5 

4.712389 

1.76715 

.7 

24.19026 

46.56626 

.9 

43.66814 

151.7468 

.6 

5.026548 

2.01062 

.8 

24.50442 

47.78862 

14.0 

43.98280 

153.9380 

.7 

5.340708 

2.26980 

.9 

24.81858 

49.01670 

.1 

44.29646 

156.1450 

.8 

5.654867 

2.54469 

8.0 

25.13274 

50.26548 

.2 

44.61062 

16*3677 

.9 

5.969026 

2.83529 

X 

25.44690 

51.52997 

A 

44.92477 

166.6061 

2.0 

6.283185 

3.14159 

2 

25.76106 

52.81017 

A 

45.23893 

162.8602 

.1 

6.597345 

3.46361 

.8 

26.07522 

54.10608 

A 

45.55809 

165.1800 

2 

6.911504 

3.80138 

.4 

26.38938 

55.41769 

A 

45.86725 

167.4155 

A 

7.225663 

4.15476 

Jb 

26J0854 

56.74502 

.7 

46.18141 

169.7167 

A 

7.539822 

4.52389 

A 

27.01770 

58.06805 

A 

46.49557 

172.0836 

.5 

7.853982 

4.90874 

.7 

27.33186 

59.44679 

.9 

46.80973 

174.3662 

.6 

8.168141 

5.80929 

A 

27.64602 

60.82123 

15.0 

47.12889 

176.7146 

.7 

8.482800 

6.72555 

A 

27,96017 

62.21139 

.1 

47.48805 

179.0786 

.8 

8.796159 

6.15752 

0.0 

28.27433 

63.61725 

.2 

47.75221 

181.4584 

.9 

9.110619 

6.60520 

J 

28.58849 

66.03882 

A 

48.06637 

183.8589 

S.0 

9.424778 

7.06858 

J2 

28.90265 

66.47610 

A 

48.88053 

186.2650 

.1 

9.738937 

7.54768 

A 

29.21681 

67.92909 

A 

48.69469 

188.6910 

.2 

10.05310 

8.04248 

A 

29.53097 

69.89778 

A 

49.00885 

191.1345 

.3 

10.36726 

8.55299 

.5 

29.84513 

70.88218 

.7 

49.32300 

193.5928 

.4 

10,68142 

9.07920 

.6 

30.15929 

72.88229 

A 

49.68716 

196.0668 

.5 

10.99557 

9.62113 

.7 

30.47345 

73.89811 

.9 

49.95132 

198.0565 

.6 

11.30973 

10.17876 

A 

80.78761 

75.42964 

16.0 

50.26548 

201.0619 

.7 

11.62389 

10.75210 

.9 

81.10177 

76.97687 

.1 

50.57964 

203.5881 

.8 

11.93805 

11.34115 

10.0 

31.41598 

78.53982 

2 

50.89880 

206.1199 

.9 

12.25221 

11.94591 

a 

31.73009 

80.11847 

A 

51.20796 

208.6724 

4.0 

12.56637 

12.56687 

.2 

82.04425 

81.71282 

A 

51.52212 

211.2407 

.1 

12.88053 

13.20254 

.8 

82.35840 

88.32289 

A 

51.88628 

213.8246 

.2 

13.19469 

13.85442 

.4 

32.67256 

84.94867 

.6 

52.15044 

216.4248 

.8 

13.60885 

14.52201 

Jb 

32.98672 

86.59015 

.7 

52.46460 

219.0397 

.4 

13.82801 

15.20531 

A 

33.30088 

88.24734 

A 

52.77876 

221.6708 

& 

14.18717 

15.90431 

.7 

33.61504 

89.92024 

.9 

58.09292 

224.3176 

.6 

14.45133 

16.61908 

A 

83.92920 

91.60884 

17.0 

58.40708 

226.9801 

.7 

14.76549 

17.34945 

.9 

34.24336 

93.31316 

.1 

58.72123 

229.6583 

.8 

15.07964 

18.09557 

11.0 

84.55752 

95.03318 

.2 

54.085$) 

232.3522 

.9 

15.39380 

18.85741 

.1 

84.87168 

96.76891 

A 

54.84955 

285.0618 

6.0 

15.70796 

19.63495 

.2 

35.18584 

98.52035 

A 

54.66871 

287.7871 

.1 

16.02212 

20.42821 

.3 

85.50000 

100.2875 

A 

64.97787 

56.29203 

240.5282 

.2 

16.38628 

21.23717 

.4 

85.81416 

102.0703 

A 

243.2849 

.8 

16.65044 

22.06183 

A 

86.12882 

103.8689 

.7 

55.60619 

246.0574 

.4 

16.96460 

22.90221 

A 

86.44247 
86.75663 

105.6882 

A 

55.92035 

248.8456 

.5 

17.27876 

28.75829 

.7 

107.6182 

*   9 

56.28451 

251.6494 

.6 

17.59292 

24.63009 

.8 

87.07079 

109.3588 

18.0 

56.54867 

254.4690 

.7 

17.90708 

25.61759 

.9 

87.88495 

111.2202 

.1 

66.86288 

257.8048 

.8 

18.22124 

26.42079 

12.0 

87.69911 

118.0978 

J2 

57.17699 

260.1558 

.9 

18.53540 

27.83971 

.1 

88.01827 

114.9901 

A 

67.49115 

263.0220 

6.0 

18.84956 

28.27438 

.2 

88.82748 

116.8987 

A 

67.80580 

265.9044 

.1 

19.16372 

29.22467 

.8 

88.64169 

118.8229 

* 

58.11946 

268.8025 

.2 

19.47787 

80.19071    .4 

88.95575 

120.7628 

\     * 

58.48862 

271.7168 

CIRCLES. 
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TABLE  2  OF  CIRCLKS-<Contiimed). 
Diameters  In  unite  and  tenths. 


Dia. 

Circmnf. 

Area. 

DU. 

Ciratmf. 

Area. 

Dia. 

Circnmf. 

Ares. 

18.7 

58.74778 

274.6459 

24.9 

78.22566 

486.9547 

31.1 

97.70353 

759.6450 

.8 

59.06194 

277.5911 

25.0 

78.53982 

490.8789 

.2 

98.01769 

764.5360 

.9 

59.37610 

280.5521 

.1 

78.85398 

494.8087 

.3 

98.33185 

769.4467 

19.0 

59.69026 

283.5287 

.2 

79.16818 

498.7592 

.4 

98.64601 

774.3712 

.1 

60.00442 

286.5211 

.3 

79.48229 

502.7255 

Jb 

98.96017 

779.3113 

.2 

60.31858 

289.5292 

.4  79.79645 

506.7075 

.6 

99.27433 

784.2672 

.3 

60.63274 

292.5530 

.5 

80.11061 

610.7052 

.7 

99.58849 

789.2388 

.4 

60.94690 

295.5925 

.6 

80.42477 

514.7185 

& 

99.90265 

794.2260 

.5 

61.26106 

298.6477 

.7 

8073893 

618.7476 

.9 

100.2168 

799.2290 

.6 

61.57522 

301.7186 

A 

81.05309 

522.7924 

82.0 

100.5310 

804.2477 

.7 

-  61.88938 

304.8052 

.9 

81.36725 

526.8529 

.1 

100.8451 

809.2821 

.8 

62.20353 

307.9075 

26.0 

81.68141 

530.9292 

.2 

101.1593 

814.3322 

.9 

62.51769 

311.0255 

.1 

81.99557 

635.0211 

.3 

101.4734 

819.3980 

90.0 

62.83135 

314.1593 

.2 

82.30973 

539.1287 

.4 

101.7876 

824.4798 

.1 

63.14601 

317.3087 

.3 

82.62389 

648.2521 

Jb 

102.1018 

829.5768 

.2 

63.46017 

320.4739 

.4 

82.93805 

547.3911 

.6 

102.4159 

834.6898 

.3 

63.77433 

823.6547 

Jb 

83.25221 

551.5459 

.7 

102.7301 

839.8184 

.4 

64.08849 

326.8513 

.6 

83.56636 

555.7163 

.8 

103.0442 

844.9628 

.5 

64.40265 

330.0636 

.7 

83.88052 

559.9025 

.9 

103.3584 

850.1228 

.6 

64.71681 

333.2916 

.8 

84.19468 

564.1044 

38.0 

103.6726 

855.2986 

.7 

65.06097 

336.5353 

.9 

84.50884 

668.8220 

.1 

103.9867 

860.4901 

.8 

65.34513 

339.7947 

27.0 

84.82300 

572.5553 

.2 

104.3009 

865.6973 

.9 

65.65929 

343.0698 

.1 

85.13716 

676.8043 

.3 

104.6150 

870.9202 

$1.0 

65.97345 

346.3606 

.2 

85.45132 

581.0690 

.4 

104.9292 

876.1588 

.1 

66.28760 

349.6671 

.3 

85.76548 

585.3494 

.5 

105.2484 

881.4131 

.2 

66.60176 

352.9894 

.4 

86.07964 

589.6455 

.6 

105.5575 

886.6831 

.3 

66.91592 

356.3273 

.6 

86.39380 

593.9574 

.7 

105.8717 

891.9688 

.4 

67.23008 

359.6809 

.6 

86.70796 

598.2849 

.8 

106.1858 

897.2703 

Jb 

67.54424 

363.0503 

•7 

•  • 

87.02212 

602.6282 

.9 

106.5000 

902.5874 

.6 

67.85840 

366.4354 

.8 

87.33628 

606.9871 

84.0 

106.8142 

907.9203 

.7 

68,17256 

369.8361 

.9 

67.65044 

611.8618 

.1 

107.1283 

913.2688 

.8 

68,48672 

373.2526 

28.0 

Q?.9t)4d9 

615.7522 

.2 

107.4425 

918.6331 

.9 

68.80088 

376.6848 

.1 

88.27875 

620.1582 

.3 

107.7566. 

924.0131 

S2.0 

69.11504 

380.1327 

.2 

88.59291 

,624.5800 

.4 

108.0708 

929.4088 

.1 

69.42920 

383.5963 

.3 

88.90707 

629.0175 

.5 

108.3849 

934.8202 

J2 

69.74336 

387.0756 

.4 

89.22123 

683.4707 

.6 

108.6991 

940.2473 

& 

70.06752 

390.5707 

.6 

89.53539 

637.9897 

.7 

109.0183 

945.6901 

A 

70.37168 

394.0814 

.6 

89.84955 

642.4243 

.8 

109.3274 

951.1486 

& 

70.68583 

397.6078 

.7 

90.16371 

646.9246 

.9 

109.6416 

956.6228 

.6 

70,99999 

401.1500 

.8 

90.47787 

651.4407 

85.0 

109.9557 

962.1128 

.7 

71.31415 

404.7078 

.9 

90.79208 

655.9724 

.1 

110.2699 

967.6184 

.8 

71.62831 

408.2814 

20.0 

91.10619 

660.5199 

2 

110.5841 

973.1397 

.9 

71.94247 

411.8707 

.1 

91.42035 

665.0830 

& 

110.8982 

978.6768 

2S.0 

72.25663 

415.4756 

.2 

91.73451 

669.6619 

A 

111.2124 

984.2296 

.1 

72.57079 

419.0963 

.3 

92.04866 

674.2565 

.5 

111.5265 

989.7980 

J2 

72.88495 

422.7827 

.4 

92.36282 

678.8668 

.6 

111.8407 

995.3822 

J& 

7809911 
78.51827 

426.3848 

.5 

92.67698 

683.4928 

.7 

112.1549 

1000.9821 

A 

430.0526 

.6 

92.99114 

688.1345 

.  .8 

112.4690 

1006.5977 

Jb 

78.82743 

433.7361 

.7 

93.30530 

692.7919 

.9 

112.7832 

1012.2290 

.6 

74.14169 

437.4354 

.8 

93.61946 

697.4650 

86.0 

113.0973 

1017.8760 

.7 

74.45575 

441.1503 

.9 

93.93362 

702.1538 

.1 

113.4115 

1023.5387 

.8 

74.76991 

444.8809 

80.0 

94.24778 

706.8583 

.2 

118.7257 

1029.2172 

.9 

75.08406 

448.6273 

.1 

94.56194 

711.5786 

.3 

114.0398 

1034.9113 

84.0 

75.39822 

452.3898 

2 

94.87610 

716.3145 

.4 

114.3540 

1040.6212 

.1 

75.71238 

456.1671 

& 

95.19026 

721.0662 

.5 

114.6681 

1046.3467 

.2 

76:02654 

459.9606 

A 

95.50442 

725.8336 

.6 

114.9823 

1052.0880 

& 

76.84070 

463.7698 

Jb 

95.81858 

730.6166 

.7 

115.2965 

1057.8449 

A 

76.65486 

467.6947 

.6 

96.13274 

735.4154 

.8 

115.6106 

1063.6176 

h 

76.96902 

471.4862 

.7 

96.44689 

740.2299 

.9 

115.9248 

1069.4060 

.6 

77.28818 

475.2916 

& 

96.76105 

745.0601 

37.0 

116.2389 

1075.2101 

.7 

77.59784 

479.1686 

.9 

97.07521 

749.9060 

.1 

116.5531 

1081.0299 

JB 

77.91150 

488.0518 

31.0 

97.38937 

7547676 

.2 

116.8672 

1086.8654 

ISO 
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TABLE  2  OF  CWCLESHConliftntd). 
Diameters  In  units  and  tenths. 


DIa. 

37.3 
.4 
A 
.6 
.7 
& 
.9 

83.0 
.1 
.2 

.4 
.6 

.6 
.7 
.8 
.9 

39.0 
.1 
J2 
A 
A 
A 
A 
.7 
A 
.9 

40.0 
.1 
.2 
.8 
.4 
.6 
A 
.7 
.8 
.9 

41.0 
.1 
J2 
A 
A 
A 
A 
.7 
A 
.9 

42.0 
.1 
J2 
A 
A 
A 
A 
.7 
A 
.9 

48.0 
.1 
.2 
.3 
.4 


Cireamf. 


117.1814 

117.4956 

117.8097 

118.1289 

118.4880 

118.7522 

119.0664 

119.3805 

119.6947 

120.0088 

120.32*) 

120.6372 

120.9513 

121.2655 

121.5796 

121.8938 

122.2080 

122.5221 

122.8363 

128.1504 

123.4646 

123.7788 

124.0929 

124.4071 

124.7212 

125.0354 

125.3495 

125.6637 

125.9779 

126.2920 

126.6062 

126.9203 

127.2345 

127.5487 

127.8628 

128.1770 

128.4911 

128.8058 

129.1195 

129.4386 

129.7478 

130.0619 

180.3761 

130.6903 

131.0044 

181.3186 

131.6327 

181.9469 

182.2611 

132.6752 

132.8894 

133.2085 

133.5177 

138.8318 

134.1460 

184.4602 

134.7743 

185.0885 

185.4026 

135.7168 

136.0310 

136.3461 


Area. 


1092.7166 

1098.5835 

1104.4662 

1110.3645 

1116.2786 

1122.2088 

1128.1538 

1134.1149 

1140.0918 

1146.0844 

1152.0927 

1158.1167 

1164.1564 

1170.2118 

1176.2830 

1182.8698 

1188.4724 

1194.5906 

1200.7246 

1206.8742 

1213.0396 

1219.2207 

1225.4175 

1231.6300 

1237.8582 

1244.1021 

1250.3617 

1256.6371 

1262.9281 

1269.2348 

1275.5573 

1281.8955 

1288.2493 

1294.6189 

1301.0042 

1307.4052 

1813.8219 

1320.2543 

1826.7024 

1333.1668 

1339.6458 

1346.1419 

1352.6520 

1359.1786 

1365.7210 

1872.2791 

1878.8529 

1885.4424 

1892.0476 

1898.6685 

1405.3051 

1411.9574 

1418.6254 

1425.3092 

1432.0086 

1438.7288 

1445.4546 

1452.2012 

1458.9635 

1465.7415 

1472.5852 

1479.3446 


Dim. 


4*5 
A 
.7 
A 
.9 

44.0 
.1 
J2 
A 
A 
A 
A 
.7 
.8 
.9 

46.0 
.1 
JZ 
A 
A 
A 
A 
.7 
A 
.9 

464 
.1 
2 
A 
A 
A 
A 
.7 
A 
.9 

47.0 
.1 

a 

A 
A 
A 
A 

.7 
A 
.9 

48.0 
Jl 
J2 
A 
A 
A 
A 
.7 
A 
.9 

40.0 

a 

.2 
A 
A 
A 
A 


(Jircunf. 


136.6598 

186.9734 

187.2876 

187.6018 

187.9159 

138.2801 

138.5442 

138.8584 

139.1726 

139.4867 

139.8009 

140.1150 

140.4292 

140.7434 

141.0575 

141.3717 

141.6858 

142.0000 

142.8141 

142.6288 

142.9425 

143.2566 

143.5708 

143.8849 

144.1991 

144.5138 

144.8274 

145.1416 

145.4557 

145.7699 

146.0841 

146.3982 

146.7124 

147.0265 

147.3407 

147.6549 

147.9690 

148.2832 

148.5973 

148.9115 

149.2257 

149.5398 

149.8540 

150.1681 

150.4823 

150.7964 

151.1106 

151.4248 

161.7389 

152.0531 

152.3672 

152.6814 

152.9956 

153.3097 

153.6289 

153.9380 

154.2522 

1545664 

154.8805 

155.1947 

155.5088 

155.8280 


Area. 


1486.1667 

1498.0105 

1499.8670 

1506.7898 

1513.6272 

1620.5308 

1527.4502 

1534.8853 

1541.3360 

1548.3025 

1565.2847 

1662.2826 

1569.2962 

1676.8255 

1588.3706 

1590.4813 

1697.5077 

1604.5999 

1611.7077 

1618.8313 

1625.9705 

1683.1255 

1640.2962 

1647.4826 

1654.6847 

1661.9025 

1669.1360 

1676.3853 

1688.6502 

1690.9308 

1698.2272 

1705.5892 

1712.8670 

1720.2105 

1727.5697 

1784.9445 

1742.3851 

1749.7414 

1757.1635 

1764.6012 

1772.0546 

1779.5287 

1787.0086 

1794.5091 

1802.0254 

1809.5574 

1817.1050 

1824.6684 

1832.2475 

1889.8423 

1847.4528 

1855.0790 

1862.7210 

1870.3786 

1878.0519 

1885.7410 

1893.4457 

1901.1662 

1908.9024 

1916.6543 

1924.4218 

1982.2051 


Dia. 


40.7 
.8 
.9 

60.0 
X 
J2 
A 
A 
.6 
A 
.7 
A 
.9 

61.0 
.1 
.2 
JB 
A 
A 
A 
.7 
.8 
.9 

62.0 
.1 
.2 
A 
A 
A 
A 
.7 
A 
.9 

63.0 
.1 
J2 
A 
A 
A 
A 
.7 
A 
.9 

64.0 
.1 
J2 
A 
A 
A 
A 
.7 
A 
A 

66.0 
.1 
J2 
A 
A 
A 
A 
Jl 
A 


Clrcamf* 


156.1372 
156.4513 
156.7655 
157.0796 
157.8988 
167.7080 
158.0221 
158.8863 
158.6604 
158.9646 
159.2787 
159.5929 
159.9071 
160.2212 
160.5354 
160.8495 
161.1637 
161.4779 
161.7920 
162.1062 
162.4203 
162.7345 
163.0487 
163.8628 
168.6770 
163.9911 
164.8063 
164.6195 
164.9336 
165.2478 
165.5619 
165.8761 
166.1903 
166.5044 
166.8186 
167.1327 
167.4469 
167.7610 
168.0752 
168.3894 
168.7035 
169.0177 
169.3318 
169.6460 
169.9602 
170.2743 
170.5885 
170.9026 
171.2168 
171.6310 
171.8451 
172.1593 
172.4784 
172.7876 
173.1018 
173.4159 
178.7301 
174.0442 
174.8684 
174.6726 
174.9867 
175.3009 


Area. 

1940.0041 
1947.8189 
1955.6493 
1963.4954 
1971.8572 
1979.2348 
1987.1280 
1995.0870 
2002.9617 
2010.9020 
2018.8681 
2026.8299 
2084.8174 
2042.8208 
2060.8895 
2068.8742 
2066.9245 
2074.9905 
2088.0728 
2091.1697 
2099.2829 
2107.4118 
2115.5668 
2123.7168 
2131.8926 
2140.0848 
2148.2917 
2156.5149 
2164.7537 
2173.0082 
$181.2785 
2189.5644 
2197.8661 
2206.1884 
2214.5165 
2222.8658 
2231.2298 
2289.6100 
2248.0069 
2256.4175 
2264.8448 
2278.2879 
2281.7466 
2290.2210 
2298.7112 
2807.2171 
2315.7886 
2824.2759 
2882.8289 
2841.8976 
2849.9820 
2858.5821 
2867.1979 

2875.8294 
2884.4767 
2898.1896 
2401.8188 
2410.5126 
2419.2227 
2427.9485 
2436.6899 
2445.4471 


CIRCLES. 
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TABLE  2  OF  €IB€IJW-<Coii tinned). 
Diameter*  In  units  and  tenths. 


IMs. 

Circunf. 

Area. 

Ms. 

Circsnf. 

Ares. 

Dis. 

t'lreamf. 

Ares. 

55.9 

175.6150 

2454.2200 

02.1 

195.0929 

8028.8178 

08.3 

214.5708 

3663.7960 

66.0 

175.9292 

2463.0086 

3. 

195.4071 

8038.5798 

A 

214.8849 

3674.5324 

.1 

176.2433 

2471.8130 

A 

195.7212 

8048.8580 

A 

215.1991 

3685.2845 

.2 

176.5575 

2480.6330 

A 

196.0354 

3058.1520 

A 

215.5183 

8696.0523 

.8 

176.8717 

2489.4687 

A 

196.3495 

3067.9616 

.7 

215.8274 

8706.8359 

A 

177.1858 

2498.3201 

A 

196.6687 

8077.7869 

.8 

216.1416 

8717.6351 

A 

177.5000 

2507.1873 

.7 

196.9779 

3087.6279 

.9 

216.4557 

8728.4500 

.6 

177.8141 

2516.0701 

.8 

197.2920 

8097.4847 

00.0 

216.7699 

8739.2807 

.7 

178.1288 

2524.0687 

.9 

197.6062 

8107.8571 

.1 

217.0841 

8750.1270 

.8 

178.4425 

2533.8880 

08.0 

197.9208 

8117.2458 

.2 

217.3982 

8760.9891 

.9 

178.7566 

2542.8129 

.1 

198.2345 

8127.1492 

A 

217.7124 

3771.8668 

£7.0 

179.0708 

2551.7586 

J2 

198.5487 

8187.0688 

A 

218.0265 

8782.7603 

.1 

179.3849 

2560.7200 

.8 

198.8628 

8147.0040 

A 

218.3407 

3793.6695 

.2 

179.6991 

2569.6971 

.4 

199.1770 

8156.9550 

A 

218.6648 

8804.5944 

.8 

180.0133 

2578.6899 

.5 

199.4911 

3166.9217 

.7 

218.9690 

8815.5350 

4 

180.3274 

2587.6985 

.6 

199.8063 

3176.9042 

.8 

219.2882 

8826.4918 

.6 

180.6416 

2596.7227 

.7 

200.1195 

3186.9023 

.9 

219.5973 

8837.4633 

£ 

180.9557 

2605.7626 

.8 

200.4836 

3196.9161 

70.0 

219.9115 

8848.4510 

.7 

181.2699 

2614.8183 

.9 

200.7478 

3206.9456 

.1 

220.2256 

3859.4544 

.8 

181.5841 

2623.8896 

04.0 

201.0619 

3216.9909 

.2 

220.5398 

8870.4736 

.9 

181.8082 

2632.9767 

.1 

201.3761 

8227.0518 

A 

220.8540 

8881.5084 

$8.0 

182.2124 

2642.0794 

.2 

201.6902 

8237.1285 

A 

221.1681 

8892.5590 

.1 

182.5265 

2651.1979 

.3 

202.0044 

8247.2209 

.6 

221.4828 

3903.6252 

.2 

182.8407 

2660.3321 

.4 

202.3186 

8257.3289 

.6 

221.7964 

8914.7072 

.8 

183.1549 

2669.4820 

.6 

202.6327 

8267.4527 

.7 

222.1106 

3925.8049 

.4 

183.4690 

2678.6476 

A 

202.9469 

8277.5922 

.8 

222.4248 

8936.9182 

.6 

183.7832 

2687.8289 

.7 

208.2610 

8287.7474 

.9 

222.7389 

3948.0473 

A 

184.0973 

2697.0259 

.8 

203.5752 

8297.9183 

71.0 

223.0531 

3959.1921 

.7 

184.4115 

2706.2386 

.9 

203.8894 

8308.1049 

.1 

223.3672 

3970.3526 

.8 

184.7256 

2715.4670 

65.0 

204.2035 

3318.3072 

JZ 

223.6814 

3981.5289 

.9 

185.0898 

2724.7112 

.1 

204.5177 

8828.5258 

.3 

223.9956 

3992.7208 

».o 

185.8540 

2733.9710 

.2 

204.8818 

8838.7590 

.4 

224.3097 

4003.9284 

.1 

185.6681 

2743.2468 

.8 

206.1460 

8349.0085 

A 

224.6289 

4015.1518 

.2 

185.9828 

2752.5878 

.4 

205.4602 

8359.2786 

A 

224.9380 

4026.3908 

.8 

186.2964 

2761.8448 

.6 

205.7748 

3869.6545 

.7 

225.2522 

4037.6456 

.4 

186.6106 

2771.1675 

.6 

206.0885 

8879.8510 

.8 

225.5664 

4043.9160 

.6 

186.9248 

2780.5058 

.7 

206.4026 

8390.1633 

.9 

225.8805 

4060  20^2 

.6 

187.2889 

2789,8599 

.8 

206.7168 

8400.4913 

72.0 

226.1947 

4071.5041 

.7 

187.5631 

2799.2297 

.9 

207.0310 

8410.8350 

.1 

226.5088 

4082.8217 

.8 

187.8672 

2808.6152 

60.0 

207.3451 

8421.1944 

.2 

226.8230 

4094.1550 

.9 

188.1814 

281&0165 

.1 

207.6593 

8431.5695 

A 

227.1371 

4105.5040 

•0.0 

188.4956 

2827.4884 

.2 

207.9784 

8441.9603 

A 

227.4513 

4116.8687 

.1 

188.8097 

2886.8660 

.8 

208.2876 

8452.8669 

A 

227  7655 

4128.2491 

.2 

189.1289 

2846.$144 

.4 

208.6018 

8462.7891 

A 

228.0796 

4139.6402 

.8 

189.4380 

2855.7784 

.6 

208.9159 

8473.2270 

.7 

228.8938 

4151.0571 

.4 

189.7522 

2865,2583 

.8 

209.2801 

8483.6807 

.8 

228.7079 

4162.4846 

.6 

190.0664 

2874.7536 

.7 

209.5442 

8494.1500 

.9 

229.0221 

4173.9279 

.6 

190.8806 

2884.2648 

A 

209.8584 

8504.6351 

78.0 

229.3863 

4185.3868 

.7 

1906947 
191.0068 

2898.7917 

.9 

210.1725 

8515.1859 

.1 

229.6504 

4196.8615 

.8 

2903.8348 

07.0 

210.4867 

8525.6524 

.2 

229.9646 

4208.8519 

.9 

191.8280 

2912.8926 

.1 

210.8009 

8536.1845 

.3 

230.2787 

4219.8579 

81.0 

191.6872 

2922.4686 

.2 

211.1150 

8546.7324 

A 

230.5929 

4231.3797 

.1 

191.9618 

2932:0568 

.8 

211.4292 

8557.2960 

A 

230.9071 

4242.9172 

.2 

192.2656 

2941.6617 

.4 

211.7488 

8567.8764 

A 

281.2212 

4254.4704 

.8 

192.6798 

2951,2828 

A 

212.0575 

8578.4704 

.7 

231.5854 

4266.0394 

.4 

192.8968 

2960.9197 

A 

212.8717 

8589.0811 

A 

231.8495 

4277.6240 

.6 

193.0099 

2970,5721 
29803406 

.7 

212.6858 

8599.7076 

.9 

282.1687 

4289.2248 

A 

199.5221 

A 

218.0000 

8610.8497 

74.0 

232.4779 

4300.8403 

,7 

198.8068 

298*9244 

.9 

218.8141 

8621.0075 

.1 

282.7920 

4312.4721 

.8 

194.1004 

2999.6241 

08.0 

218.6288 

8681.6811 

.2 

288.1062 

4324.1195 

.9 

194.4846 

800*880* 
8019.9705 

.1 

218.9425 

8642.8704 
8658.0754 

.8 

288.4203 

4385.7827 

M.0 

194.7797 

J2    214.2566 

.4 

238.7845 

i 

4347.4616 
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CIRCLES; 


TABLE  9  OF  CUtCI-M— (Continued). 
Diameter*  In  mmltm  and.  tenths. 


DU. 

Ciretmf. 

Area. 

DIs. 
80.7 

Cirevmf. 

Area. 

Dim. 

Clrcamf. 

Ares. 

74.5 

284.0487 

4859.1562 

268.5265 

5114.8977 

80.9 

278.0044 

5931.0206 

.6 

284.3628 

4370.8664 

.8 

253.8407 

5127.5819 

87.0 

273.8186 

5944.6787 

.7 

234.6770 

4382.5024 

.9 

254.1548 

6140.2818 

.1 

278.6827 

5958.8525 

.8 

284.9911 

4394.8341 

81.0 

254.4690 

6152.9974 

.2 

278.9469 

6972.0420 

.9 

285.3058 

4406.0916 

.1 

254.7832 

6165.7287 

J& 

274.2610 

5985.7472 

75.0 

285.6194 

4417.8647 

.2 

255.0973 

5178.4757 

A 

274.5752 

5999.4681 

.1 

285.9886 

4429.6585 

A 

255.4115 

5191.2384 

.6 

274.8894 

6013.2047 

.2 

236,2478 

4441.4580 

A 

256.7256 

5204.0168 

.6 

275.2085 

6026.9570 

.8 

236.5619 

4453.2783 

.6 

256.0398 

5216.8110 

.7 

275.5177 

6040.7250 

.4 

236.8761 

4465.1142 

.6 

256.3540 

5229.6208 

.8 

275.8818 

6054.5088 

Jb 

287.1902 

4476.9659 

.7 

256.6681 

5242.4463 

.9 

276.1460 

6068.3082 

.6 

237.5044 

4488.8332 

.8 

256.9823 

5255:2876 

88.0 

276.4602 

6082.1284 

.7 

237.8186 

4500.7168 

.9 

257.2964 

5268.1446 

.1 

276.7748 

6095.9542 

.8 

238.1827 

4512.6151 

82.0 

257.6106 

5281.0173 

3. 

277.0885 

61098008 

.9 

288.4469 

4524.5296 

.1 

257.9248 

5298.9056 

.3 

277.4026 

6128.6681 

76.0 

288.7610 

4536.4598 

.2 

258.2389 

5306.8097 

.4 

277.7168 

6137.5411 

.1 

239.0752 

4548.4057 

.8 

258.5531 

5319.7295 

h 

278.0809 

6151.4348 

.2 

289.3894 

4560.8678 

.4 

258.8672 

5832.6650 

.6 

278.3451 

6165.3442 

.3 

239.7035 

4572.8446 

.5 

259.1814 

5845.6162 

.7 

278.6598 

6179.2693 

.4 

240.0177 

4584.3877 

.6 

259.4956 

5358.5832 

.8 

278.9784 

6193.2101 

Jb 

240.3318 

4596.3464 

.7 

259.8097 

5371.5658 

.9 

279.2876 

6207.1666 

.6 

240.6460 

4608.8708 

.8 

260.1239 

5384.5641 

89.0 

279.6017 

6221.1889 

.7 

240.9602 

4620.4110 

.9 

260.4380 

6397.5782 

.1 

279.9159 

6235.1268 

.8 

241.2743 

4632.4669 

88.0 

260.7522 

5410.6079 

2 

280.2301 

6249.1804 

.9 

241.5885 

4644.5384 

.1 

261.0663 

5423.6534 

.3 

280.5442 

6263.1498 

If.O 

241.9026 

4656.6257 

.2 

261.3805 

5436.7146 

.4 

280.8584 

6277.1849 

.1 

242.2168 

4668.7287 

.8 

261.6947 

5449.7915 

.5 

281.1725 

6291.2856 

.2 

242.531C 

4680.8474 

.4 

262.0088 

5462.8840 

.6 

281.4867 

6805.3021 

.8 

242.8451 

4692.9818 

.6 

262.3230 

5475.9923 

.7 

281.8009 

6319.8843 

.4 

248.1593 

4705.1519 

.6 

262.6371 

5489.1163 

.8 

282.1150 

6383.4822 

3 

243.4734 

4717.2977 

.7 

262.9513 

5502.2561 

.9 

282.4292 

6347.5958 

.6 

243.7876 

4729.4792 

.8 

263.2655 

5515.4115 

90,0 

282.7483 

6361.7261 

.7 

244.1017 

4741.6765 

.9 

263.5796 

5528.5826 

.1 

283.0575 

6375.8701 

.8 

244.4159 

4758.8894 

84.0 

263.8938 

5541.7694 

.2 

283.8717 

6890.0809 

.9 

244.7301 

4766.1181 

.1 

264.2079 

6554.9720 

.8 

283.6858 

6404,2078 

78.0 

245.0442 

4778.3624 

.2 

264.5221 

5568.1902 

.4 

284.0000 

6418.3995 

*  .1 

245.3584 

4790:6225 

.8 

264.8363 

5581.4242 

.5 

284.3141 

6432.6078 

.2 

245.6725 

4802.8983 

.4 

265.1504 

6594.6739 

.6 

284.6288 

6446.8309 

.8 

245.9867 

4815.1897 

.5 

265.4646 

5607.9392 

.7 

284.9425 

6461.0701 

.4 

246.3009 

4827.4969 

.6 

265.7787 

5621.2203 

.8 

285.2566 

6475^251 

.6 

246.6150 

4839.8198 

.7 

266.0929 

6634.5171 

.9 

285.5708 

6489.5958 

.6 

246.9292 

4852.1584 

.8 

266.4071 

5647.8296 

91.0 

285.8849 

6503.8822 

.  .7 

247.243? 

4864.5128 

.9 

266.7212 

6661.1578 

J 

286.1991 

6518.1843 

.8 

247.5575 

4876.8828 

86.0 

267  0854 

6674.5017 

.2 

286.6188 

6532.5021 

.9 

247.8717 

4889.2685 

.1 

267  3495 

6687.8614 

.3 

286.8274 

6546.8356 

79.0 

248.1858 

4901.6699 

.2 

267  6637 

5701.2867 

.4 

287.1416 

6561.1848 

.1 

248.5000 

4914.0871 

.3 

267.9779 

6714.6277 

.5 

287.4557 

6575.5498 

>.  .2 

248.8141 

4926.5199 

.4 

268.2920 

6728.0345 

.6 

287.7699 

6589.9304 

.3 

249.1283 

4938.9685 

.5 

268.6062 

5741.4569 

.7 

288.0840 

6604.3268 

.4 

249.4425 

4951.4328 

.6 

268.9203 

5754.8951 

.8 

288.8982 

6618.7888 

.5 

249.7566 

4963.9127 

.7 

269.2345 

5768.8490 

.9 

288.7124 

6683.1666 

.6 

250.0708 

4976.4084 

.8 

269.5486 

5781.8185 

02.0 

289.0265 

6647.6101 

.7 

^50.8849 

4988.9198 

.9 

269.8628 

5795.8038 

.1 

289.8407 

6662.0692 

.8 

250.6991 

5001.4469 

80.0 

270.1770 

5808.8048 

.2 

289.6548 

6676.5441 

J  9 

251.0138 

5013.9897 

.1 

270.4911 

582&8215 

..3 

289.9690 

6691.0347 

80.0 

251.8274 

5026.5482 

.2 

270.8058 

5835.8589 

.4 

290.2882 

6705.5410 

.  .1 

251.6416 

5039.1225 

.8 

271.1194 

5849:4020 

S> 

290.5978 

6720.0680 

.   2 

251.9557 

5051.7124 

.4 

271.4336 

5862.9659 

.6 

290.9115 

6784.6008 

.8 

252.2699 

5064.3180 

.5 

271.7478 

5876.5454 

.7 

291.2256 

6749.1542 

.4 

252.5840 

5076.9394 

.6 

272.0619 

5890,1407 
59QS7516 

.8 

291.5898 

6763.7238 

.5 

252.8982 

5089.6764 

.7 

272.3761 

.9 

291.8540 

6778.8082 

'  .6 

253.2124 

5102.2292 

.8 

272.6902 

5917.8788 

08.0 

292.1681 

6792.9087 
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TABLE  2  OF  CIltCLES--<Continiied). 
Diameters  In  anlta  and  tenths.  - 


1Mb. 

iCircsnt 

Are*. 

Pis. 

Ciresmf. 

Area. 

Dis, 

Cirouaf. 

Area* 

98.1 

292.4823 

6807.5250 

94.5 

300.0221 

7168.0276 

97.8 

807.2478 

7512.2078 

.2 

292.7964 

6822.1569 

.6 

300.3363 

7178.0366 

.9 

307.5619 

7527.5780 

.3 

293.1106 

6836.8046 

.7 

300.6504 

7193.0612 

98.0 

307.8761 

7542.9640 

.4 

293.4248 

6851.4680 

.8 

300.9646 

7208.1016 

.1 

808.1902 

7558.3656 

.5 

293.7389 

6866.1471 

.9 

301.2787 

7223.1577 

.2 

308.5044 

7573.7830 

.6 

294.0531 

6880.8419 

96.0 

301.5929 

7238.2295 

.3 

308.8186 

7589.2161 

.7 

294.3672 

6895.5524 

.1 

801.9071 

7253.8]  70 

.4 

809.1327 

7604.6648 

A 

294.6814 

6910.2786 

.2 

802.2212 

7268.4202 

.5 

309.4469 

7620.1293 

.9 

294.9956 

6925.0205 

J* 

802.5354 

7283.5391 

.6 

809.7610 

7635.6095 

94.0 

295.3097 

6939.7782 

A 

302.8495 

7298.6737 

.7 

310.0752 

7651.1054 

.1 

295.6239 

6954.5615 

X> 

303.1637 

7313.8240 

.8 

310.3894 

7666.6170 

2 

295.9380 

6969.3406 

.6 

303.4779 

7328.9901 

.9 

310.7035 

7682.1444 

* 

296.2522 

6984.1453 

.7 

303.7920 

7344.1718 

99.0 

811.0177 

7697.6874 

.f 

296.5663 
'396.8805 

6998.9658 

.8 

304.1062 

7359.3693 

.1 

811.3318 

7718.2461 

*: 

7013.8019 

.    .9 

304.4203' 

7374.5824 

.2 

311.6460 

7728.8206 

.6 

297.1947 

7028.6538 

07.0 

304.7345 

7389.8113 

.3 

311.9602 

7744.4107 

.7 

297.5088 

7043.5214 

.1 

305.0486 

7405.0559 

.4 

312.2743 

7760.0166 

.8 

297.8230 

7058.4047 

.2 

305.3628 

7420.3162 

.5 

312.5885 

7775.6382 

.9 

298.1371 

7073.3037 

.3 

305.6770 

7435.5922 

.6 

812.9026 

7791.2754 

05.0 

298.4518 

7088.2184 

.4 

805.9911 

7450.8839 

.7 

313.2168 

7806.9284 

.1 

293.7655 

7103.1488 

.5 

306.3053 

7466.1913 

.8 

313.5309 

7822.5971 

.2 

299.0796 

7118.0950 

.6 

306.6194 

7481.5144 

.9 

313.8451 

7838.2815 

.3 

299.8938 

7133.0568 

.7 

306.9336 

7496.8532 

100.0 

314.1593     7853.9816 

.  .4 

299.7079 

7148.0343 

J:  ■• 

' 

1          - 

Circumferences  when  the  diameter  has  more  than  one 

1  plaee  of  decimals. 


Dlam. 

Clre. 

Dlam. 

Cim. 

Dlam. 

•    CIro. 

4' 

i 

1  Dlam., 

Ciro. 

Diun. 

Ciro. 

.1 

.314159 

.01 

.031416 

.001 

.003142 

.0001 

.000314 

.00001 

.000031 

a 

.628319 

.02 

.062832 

.002 

.006283 

.0002 

.000628 

.00002 

.000063 

a 

.942478 

.03 

.094248 

.003 

.009425 

.0003 

.000942 

.00003 

.000094 

A 
•  * 

1.256637 

.04 

.125664 

.004 

.012566 

.0004 

.001257 

..00004 

.000126 

J) 

1570796 

.05 

.157080 

.005 

.015708 

.9006 

.001571 

.00005 

.000157 

.6 

1.884956 

.06 

.188496 

.006 

.018850 

.0006 

.001883 

.00006 

.000188 

.7 

2.199115 

.07 

.219911 

.007 

.021991 

.0007 

.002199 

..00007 

.000220 

:s 

2.513274 

.08 

251827 

.008 

.025133 

.0008 

.002518 

.00008 

.000251 

* 

2.827433. 

.09 

.282743 

.009 

.028274 

,0009. 

.002827 

.00009 

.000283 

Examples. 


Diameter  = 

3.12699 

- 

Cirenmfce  =- 

9.823729 

Circumference  — 

Sum  of 

Diameter  — 

Sum  of 

Circ  for  dia  of 

3.1 

«■  9.738937 

Dia  for  cirt  of 

9.738937  =*  3.1 

M 

.02 

—    .062832 

.084792 

.  -    «# 

.006 

—    .018850 

it  ■ 

.062832  —    .02 

M    . 

.0009    . 

—    ,002827 

« 

.00009 

~»    .000283 

.021900 

• 

9.823729 

'  rt 

.018850  =•    .006 
.003110 

• 

' 

M 
M 

.002827  =     .0009 

.(KHJ283 

.000283  -«    .00009 

3.12699 
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TABLE  S  OF  CIBCMB. 
Dlams  In  nmlte  and  twelfths  i  m  in  ifcet  and  inehe*. 


Dia. 

Cirennf. 

Are*. 

Di*.  Ctmaf. 

Area. 

DU. 

Cireanf. 

Are*. 

Ft.In. 

Feet. 

Sq.ft. 

FUn. 

Feet. 

Sq.ft. 

Ft.In. 

Feet. 

Sq.ft. 

3  0 

15.70796 

19.68496 

10  0 

81.41598 

78.53982 

0  1 

.261799 

.005454 

1 

15.96976 

20.29491 

\ 

81.67773 

79.85427 

2 

.523599 

.021817 

2 

16.28156 

20.96577 

81.98968 

81.17963 

8 

.785898 

.049087 

8 

16.49386 

21.64754 

3 

82.20132 

8251589 

4 

1.047198 

.087266 

4 

16.75616 

22.34021 

4 

82.46812 

83.86307 

6 

1.808997 

.186354 

5 

17.01696 

28.04380 

6 

82.72492 

85.22115 

6 

1.570796 

.196850 

6 

17.27876 

28.75829 

6 

82.9867? 

86.59015 

7 

1.882596 

.267254 

7 

17.54056 

24.48370 

7 

88.24852 

87.97006 

8 

2094895 

.849066 

8 

17.80236 

25.22001 

8 

88.51032 

89.86086 

9 

2.856195 

•441786 

9 

18.06416 

25.96723 

9 

38.77212 

90.76258 

10 

2.617994 

.545415 

10 

18.32596 

26.72586 

10 

84.08992 

92.17520 

11 

2.879793 

.659958 

11 

18.58776 

27.49439 

11 

84.29672 

98.59874 

1  0 

3.14159 

.785898 

6  0 

18.84956 

28.27483 

11  0 

34.55752 

95.08818 

1 

3.40839 

.921752 

1 

19.11136 

29.06519 

1 

84.81932 

96.47858 

2 

3.66519 

1.06901 

2 

19.37315 

29.86695 

2 

85.08112 

97.98479 

8 

3.92699 

1.22718 

8 

19.63495 

30.67962 

8 

35.34292 

99.40196 

4 

4.18879 

1.39626 

4 

19.89675 

31.50319 

4 

35.60472 

100.8800 

5 

4.45059 

1.57625 

5 

20.15855 

82.33768 

6 

85.86652 

102.3690 

6 

4.71239 

1.76715 

6 

20.42035 

88.18307 

6 

86.12832 

108.8689 

7 

4.97419 

1.96895 

7 

20.68215 

34.03937 

7 

86.39011 

105.3797 

8 

6.28599 

2.18166 

8 

20.94895 

84.90659 

8 

86.65191 

106.9014 

9 

649779 

2.40528 

9 

21.20575 

35.78470 

9 

36.91871 

108.4340 

10 

5.75959 

2.63981 

10 

21.46755 

36.67373 

10 

87.17551 

109.9776 

11 

6.02139 

2.88525 

11 

21.72935 

87.57867 

11 

37.43731 

111,5820 

2  0 

6.28319 

3.14159 

1     0 

21.99115 

88.48451 

1*  0 

37.69911 

113.0973 

1 

6.54498 

3.40885 

1 

22.25295 

89.40626 

1 

37.96091 

114.6736 

2 

6.80678 

3.68701 

22.51475 

40.33892 

2 

38.22271 

116.2607 

8 

7.06858 

8.97608 

8 

22.77655 

41.28249 

3 

38.48451 

117.8588 

4 

7.83038 

4.27606 

4 

23.08835 

42.23697 

4 

38.74631 

119.4678 

5 

7.59218 

4.58694 

5 

23.30015 

43.20235 

6 

39.00811 

121.0877 

6 

7.85398 

4.90874 

6 

23.56194 

44.17865 

6 

39.26991 

122.7183 

7 

8.11578 

6.24144 

7 

23.82374 

45.16585 

7 

39.53171 

124.3602 

8 

8.37758 

5.58505 

8 

24.08554 

46.16396 

8 

39.79351 

126.0128 

9 

8.63938 

5.93957 

9 

24.34734 

47.17298 

9 

40.05531 

127.6763 

10 

8.90118 

6.30500 

10 

24.60914 

48.19290 

10 

40.31711 

129.3507 

11 

9.16298 

6.68184 

11 

24.87094 

49.22374 

11 

40.57891 

131.0360 

S  0 

9.42478 

7.06858 

8  0 

25.18274 

50.26548 

IS  0 

40.84070 

182.7823 

1 

9.68658 

7.46674 

1 

25.89454 

51.31818 

1 

41.10250 

134.4394 

2 

9.94838 

7.87580 

2 

25.65634 

62.88169 

2 

41.86430 

136.1575 

8 

10.21018 

8.29577 

8 

25.91814 

53.45616 

8 

41.62610 

137.8866 

4 

10.47198 

8.72665 

4 

26.17994 

54.54154 

4 

41.88790 

139.6263 

6 

10.73377 

9.16843 

5 

26.44174 

55.68782 

5 

42.14970 

141.3771 

6 

10.99557 

9.62113 

6 

26.70854 

56.74502 

6 

42.41150 

143.1388 

7 

11.25737 

10.08478 

7 

26.96534 

57.86812 

7 

42.67330 

144.9114 

8 

11.51917 

10.55924 

8 

27.22714 

58.99218 

8 

42.93510 

146.6949 

9 

11.78097 

11.04466 

9 

27.48894 

60.18205 

9 

43.19690 

148.4893 

10 

12.04277 

11.54099 

10 

27.76074 

61.28287 

10 

48.45870 

150.2947 

11 

12.80457 

12.04823 

11 

28.01253 

62.44461 

11 

43.72050 

152.1109 

4  0 

12.56637 

12.56637 

9  0 

28.27433 

63.61725 

14  0 

48.98280 

158.9380 

1 

12.82817 

18.09542 

1 

28.53613 

64.80080 

1 

44.24410 

156.7761 

2 

13.08997 

13.68538 

2 

28.79798 

65.99526 

2 

44.50590 

157.6250 

8 

18.85177 

J4.18625 

8 

2905978 

67.20068 

8 

44.76770 

169.4849 

4 

18.61357 

14.74808 

4 

29.32158 

68.41691 

4 

45.02949 

161.8557 

6 

18.87537 

15.82072 

5 

29.58888 

69.64409 

5 

45.29129 

163.2874 

6 

14.18717 

15.90431 

6 

29.84513 

70.88218 

6 

45.55809 

166.180a 

7 

14.89897 

16.49882 

7 

30.10698 

72.13119 

7 

45.81489 

187.0835 

8 

14.66077 

17.10428 

8 

80.36878 

78.89110 

8 

46.07669 

168.9479 

9 

14.92257 

17.72055 

9 

80.68058 

74.66191 

9 

46  83849 

170.8782 

10  '15.18486 

18.84777 

10 

80.89283 

75.94864 

10 

46.60029 

172.8094 

11  15.44616 

18.98591 

11 

81.16418 

77.28627 

11  46.86209 

174.7566 
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TABLE  8  OF  CIRCLES— (Continued). 
Diams  in  unite  nnd  twelfth*?  aa  In  feet  and 


Dim. 

Cirevmf. 

AfOi 

Dia.  .Ctreamf. 

Area. 

Dim. 

Cirevmf. 

Area. 

Ft.  In. 

Feet. 

Sq.  ft. 

Ft.In. 

Feet. 

Sq.  ft. 

Ft.In. 

Feet. 

Sq.ft. 

15   0 

47.12889 

176.7146 

20  0 

62.83185 

814.1598 

23  0 

78.53982 

490.8739 

1 

47.38669 

178.6835 

1 

68.09865 

816.7827 

1 

78.80162 

494.1518 

2 

47.64749 

180.6684 

2 

68.35545 

819.4171 

2 

79.06342 

497.4407 

8 

47.90929 

182.6542 

3 

68.61725 

822.0623 

8 

79.82521 

500.7404 

4 

48.17109 

184.6558 

4 

6837905 

324.7185 

4 

79.58701 

504.0511 

5 

48.43289 

186.6684 

5 

64.14085 

827.8856 

6 

79.84881 

5073727 

6 

48.69469 

188.6919 

6 

64.40265 

880.0636 

6 

80.11061 

610.7052 

7 

48.95649 

190.7263 

7 

64.66445 

882.7525 

7 

80.37241 

614.0486 

8 

49.21828 

192.7716 

8 

64.92625 

885.4523 
888.1630 

8 

80.63421 

517.4029 

9 

49.48008 

194.8278 

9 

65.18805 

9 

80.89601 

520.7681 

10 

49.74188 

196.8950 

10 

65.44985 

840.8846 

10 

81.15781 

524.1442 

11 

50.00368 

198.9730 

U 

65.71165 

843.6172 

11 

81.41961 

527.5312 

16  0 

50.26548 

201.0619 

21  0 

65.97345 

846.8606 

26  0 

81.68141 

530.9292 

1 

50.52728 

203.1618 

1 

66.23525 

349.1149 

1 

81.94821 

534.3380 

2 

50.78908 

205.2725 

2 

66.49704 

351.8802 

2 

82.20501 

587.7578 

3 

51.05088 

207.8942 

8 

66.75884 

854.6564 

8 

82.46681 

541.1884 

4 

51.81268 

209.5268 

4 

67.02064 

357.4434 

4 

82.72861 

544.6300 

5 

51.57448 

211.6703 

5 

67.28244 

360.2414 

5 

82.99041 

548.0825 

6 

51.89628 

2133246 

6 

67.54424 

863.0503 

6 

83.25221 

551.5459 

7 

52.09808 

215.9899 

7 

67.80604 

365.8701 

7 

83.51400 

555.0202 

8 

5235988 

218.1662 

8 

68.06784 

868.7008 

8 

83.77580 

558.5054 

9 

52.62168 

220.8538 

9 

68.32964 

871.5424 

9 

84.03760 

562.0015 

10 

52.88348 

222.5513 

10 

6839144 

374.8949 

10 

84.29940 

565.5085 

11 

53.14528 

224.7602 

11 

68.85824 

377.2584 

11 

84.56120 

569.0264 

17  0 

53.40708 

226.9801 

22  0 

69.11504 

880.1327 

27    0 

84.82300 

572.5558 

1 

53.66887 

229.2108 

1 

69.37684 

383.0180 

1 

85.08480 

576.0950 

2 

58.93067 

231.4525 

2 

69.63864 

385.9141 

2 

85.34660 

579.6457 

8 

54.19247 

238.7050 

8 

69.90044 

388.8212 

3 

85.60840 

583.2072 

4 

54.45427 

285.9685 

4 

70.16224 

891.7392 

4 

85.87020 

586.7797 

5 

54.71607 

238.2429 

5 

70.42404 

394.6680 

6 

86.13200 

590.3631 

6 

54.97787 

240.5282 

6 

70.68583 

397.6078 

6 

86.39380 

593.9574 

7 

55.23967 

242.8244 

7 

70.94763 

400.5585 

7 

86.65560 

597.5626 

8 

55.50147 

245.1315 

8 

71.20948 

408.5201 

8 

86.91740 

601.1787 

9 

55.76827 

247.4495 

9 

71.47123 

406.4926 

9 

87.17920 

604.8057 

10 

56.02507 

249.7784 

10 

71.78808 

409.4761 

10 

87.44100 

608.4436 

11 

56.28687 

252.1188 

11 

71.99483 

412.4704 

11 

87.70279 

612.0924 

18  0 

5634867 

254.4690 

28  0 

72.25668 

415.4756 

28  0 

87.96459 

616.7522 

1 

56.81047 

256.8807 

1 

72.51843 

418.4918 

1 

86.22639 

619.4228 

2 

57.07227 

259.2032 

2 

72.78028 

421.5188 

2 

88.48819 

623.1044 

8 

57.83407 

2613867 

8 

78.04203 

424.5568 

3 

88.74999 

626.7968 

4 

5739687 

268.9810 

4 

7330388 

427.6057 

4 

89.01179 

6303002 

5 

57.86766 

266.8868 

6 

7836563 

480.6654 

5 

89.27359 

634.2145 

6 

58.11946 

26M025 

6 

78.82743 

488.7361 

6 

89.53539 

637.9397 

7 

5638126 

271.2296 

7 

74.08928 

436.8177 

7 

89.79719 

641.6758 

8 

58.64806 

278.6676 

8 

74.85103 

439.9102 

8 

90.05899 

645.4228 

9 

58.90486 

276.1166 

9 

74.61283 

443.0137 

9 

90.32079 

649.1807 

10 

OV.10DDO 

59.42846 

2783764 

10 

74.87462 

446.1280 

10 

90.58259 

652.9495 

11 

281.0471 

11 

75.18642 

449.2532 

11 

90.84439 

656.7292 

19  0 

59.69026 

2883287 

24  0 

76:89822 

452.3893 

29  0 

91.10619 

660.5199 

1 

59.95206 

286.0218 

1 

76.66002 

455.5364 

1 

91.36799 

664.3214 

2 

60.21886 

2883247 

2 

75.92182 

458.6948 

2 

91.62979 

668.1339 

3 

60.47506 

291.0391 

8 

76.18862 

461.8632 

8 

91.89159 

671.9572 

4 

60.78746 

2983644 

4 

76.44542 

465.0430 

4 

92.15838 

675.7915 

5 

60.99026 

296.1006 

6 

76.70722 

468.2337 

6 

92.41518 

679.6367 

6 

61.26108 

298.6477 

6 

76.96902 

471.4352 

6 

92.67698 

688.4928 

7 

6132286 

801.2056 

7 

77.23082 

474.6477 

7 

92.93878 

687.3597 

8 

61.78166 

803.7746 

8    77.49262 

477.8711 

8 

93.20058 

691.2377 

9 

62.64645 

8063544 

9 .  77.75442 

481.1055 

9 

93.46288 

695.1265 

10 

02.86o!!5 

806.9451 
8113467 

10 ;  78.01622 

484.8507 

10 

93.72418 

699.0262 

11 

0237006 

11  !  78.27802 

487.6068 

11 

98.98598 

702.9868 
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TABLE  S  OF  CIBCUBB— (Continued). 
IHmbi  in  anita  and  twelfth*;  as  in  feet  and  Inches* 


Dia. 

ttrauaf. 

Area* 

Dia. 

Cireumf. 

Area, 

Dia. 

Circamf. 

Area. 

Ft.  In. 

Feet. 

Sq.ft. 

Ft.In. 

Feet. 

Sq.ft. 

FtJn. 

Feet. 

Sq.ft. 

80  0 

94.24778 

706.8588 

U  0 

109.9657 

962.1128 

400 

125.6637 

1256.6371 

1 

94.50958 

710.7908 

1 

110.2175 

966.6997 

1 

125.9255 

1261.8785 

2 

94.77188 

714.7841 

2 

110.4793 

971.2975 

2 

126.1878 

1267.1309 

3 

95.03318 

718.6884 

3 

110.7411 

975.9063 

8 

126.4491 

1272.3941 

4 

95.29498 

722.6536 

4 

111.0029 

980.6260 

4 

126.7109 

1277.6683 

5 

96.55678 

726.6297 

5 

111.2647 

985.1566 

5 

126.9727 

1282.9634 

6 

95.81858 

730.6166 

6 

111.5265 

989.7980 

6 

127.2345 

1288.2493 

7 

96.08088 

734.6145 

7 

111.7883 

994.4504 

7 

127.4963 

1298.6562 

8 

96.84217 

738.6238 

8 

112.0501 

999.1137 

8 

127.7581 

1298.8740 

9 

96.60897 

742.6431 

9 

112.3119 

1003.7879 

9 

128.0199 

18012027 

10 

96.86577 

746.6787 

10 

112.5737 

1008.4731 

10 

128.2817 

1309.5424 

11 

97.12757 

750.7152 

'     11 

112.8855 

1013.1691 

11 

128.6435 

1814.8929 

SI  0 

97.38937 

754.7676 

86  0 

113.0973 

1017.8760 

41  0 

128.8063 

1320.2543 

1 

97.65117 

758.8810 

1 

113.3591 

1022.5939 

1 

129.0671 

1825.6267 

2 

97.91297 

762.9052 

2 

113.6209 

1027.3226 

2 

129.3289 

1331.0099 

8 

98.17477 

766.9904 

3 

113.8827 

1032.0623 

8 

129.5907 

1886.4041 

4 

96.43657 

771.0865 

4 

114.1445 

1036.8128 

4 

129.8525 

1841.8091 

5 

98.69837 

775.1934 

5 

114.4063 

1041.5743 

5 

130.1143 

1847.2251 

6 

98.96017 

779.8118 

6 

114.6681 

1046.8467 

6 

130.3761 

1852.6520 

7 

99.22197 

783.4401 

7 

114.9299 

105U300 

7 

130.6379 

1368.0698 

8 

99.48377 

787.6798 

8 

115.1917 

1055.9242 

8 

130.8997 

1868.5885 

9 

99.74557 

791.7804 

9 

115.4535 

1060.7293 

9 

131.1615 

1368.9981 

10 

100.0074 

795.8920 

10 

115.7153 

1065.5453 

10 

131.4233 

1374.4686 

11 

100.2692 

800.0644 

11 

115.9771 

1070.3728 

11 

131.6851 

1379.9600 

88  0 

100.5310 

804.2477 

87  0 

116.2389 

1075.2101 

42  0 

131.9469 

1385.4424 

1 

100.7928 

808.4420 

1 

116.5007 

1080.0588 

1 

132J3087 

1390.9456 

2 

101.0546 

812.6471 

2 

116.7625 

1084.9185 

2 

132.4705 

1896.4698 

8 

101.3164 

816.8632 

8 

117.0243 

1089.7890 

3 

132.7823 

1401.9848 

4 

101.5782 

821.0901 

4 

117.2861 

1094.6705 

4 

132.9941 

1407.5208 

5 

101.8400 

825.8280 

5 

117.6479 

1099.6629 

5 

133.2659 

1413.0676 

6 

102.1018 

829.5768 

.  6 

117.8097 

1104.4662 

6 

133.5177 

1418.6254 

-  7 

102.8636 

833.8365 

7 

118.0715 

1109.8804 

7 

133.7796 

1424.1941 

8 

102.6254 

838.1071 

8 

118.3333 

1114.8055 

8 

134.0413 

1429.7787 

9 

102.8872 

842.8886 

9 

118.5951 

1119.2415 

9 

134.8031 

1435.3642 

10 

108.1490 

846.6810 

10 

118.8569 

11244884 

10 

134.6649 

1440.9656 

11 

108.4108 

850.9844 

11 

119.1187 

1129.1462 

11 

134.8267 

1446.5780 

88  0 

103.6726 

855.2986 

88  0 

119.3805 

1134.1149 

48  0 

135.0885 

14523012 

1 

103.9344 

859.6237 

1 

119.6423 

1139.0946 

1 

135.3503 

1457.8353 

2 

104.1962 

863.9598 

2 

119.9041 

1144.0851 

2 

135.6121 

1468.4804 

8 

104.4580 

868.8068 

8 

120.1659 

1149.08C6 

3 

135.8739 

1469.1364 

4 

104.7198 

872.6646 

4 

120.4277 

1154.0990 

4 

136.1857 

1474.8082 

5 

104.9816 

877.0334 

5 

120.6895 

1159.1222 

5 

136.8975 

1480.4810 

6 

105.2484 

881.4131 

6 

120.9513 

1164.1564 

6 

136.6593 

1486.1697 

7 

105.5052 

885.8037 

7 

121.213J 

1169.2015 

7 

136.9211 

1491.8698 

8 

105.7670 

890.2052 

8 

121.4749 

1174.2575 

8 

137.1829 

1497.5798 

9 

106.0288 

894.6176 

9 

121.7367 

1179.3244 

9 

137.4447 

1603.3012 

10 

106.2906 

899.0409 

10 

121.9985 

1184,4022 

10 

137.7065 

1509.0335 

11 

106.5524 

903.4751 

11 

122.2603 

1189.4910 

11 

137.9683 

1614.7767 

84  0 

106.8142 

907.9203 

89  0 

122.5221 

'1194.5906 
1199.7011 

44  0 

138.2301 

1520.5308 

1 

107.0759 

912.3763 

1 

122.7839 

1 

138.4919 

1626.2959 

2 

107.3377 

916.8433 

2 

123.0457 

1204.8226 

2 

138.7637 

1682.0718 

8 

107.5995 

921.3211 

3 

123.3075 

1209.9550 

8 

139.0156 

1587.8587 

4 

107.8618 

925.8099 

4 

123.5693 

1215.0982 

4 

189.2778 

1643.6565 

5 

108.1231 

930.8096 

5 

123.8311 

1220.2524 

6 

189.6891 

1649.4651 

6 

108.3849 

934.8202 

6 

124.0929 

1225.4175 

6 

189.8009 

1665.2847 

7 

108.6467 

989.3417 

7 

124.3547 

1230.5935 

7 

140.0627 

1561.1162 

8 

108.9085 

943.8741 

8 

124.6165 

1235.7804 

8 

140.3245 

1566.9566 

9 

109.1708 

948.4174 

9 

124.8783 

1240.9782 

9 

140.5863 

1672.8089 

10 

109.4821 

952.9716 

10 

125.1401 

1246.1869 

10 

140.8481 

1678.6721 

11 

109.6989 

957.6867 

11 

125.4019 

1251.4065 

11 

141.1099 

1684^462 

TABLE  S  OV  COKJUM- (Omtlaiud). 


Minn  In  null*  and 

t«r rlttlu  |  as  in 

fMt 

•tad  lnefeM. 

DU. 

ci™-t 

*»«. 

Ml  cm»f 

in*. 

Ml 

Otmmt 

Am. 

Fl.In 

F«t 

Sq.ft. 

run 

gent. 

Sq.  ft. 

FtJn 

FMt. 

8q.B. 

15    0 

141.3717 

1690.4818 

60  0 

157J0796 

1963,4964 

55  0 

172.7876 

2375.8294 

1526.3272 

167.8414 

1970.O158 

178.0494 

2883.0344 

141.8963 

1602.2341 

2 

167.6082 

1976.607? 

173.3112 

S 

1424189 

1614.0806 

4 

167.8650 
168.1268 

1983.1794 

1639.7626 

178.67811 

2397^4770 

B 

1820.0201 

6 

16&386S 

1996.3567 

174.09M 

241 1!  9632 

e 

142.9425 

1635 .9706 

6 

156.6501 

2UM2.9617 

174.353  J 

143.2048 

1631.9319 

168.11132 

201111 .5776 

171.821)2 

2426.4931 

1*8.4661 

1687.9042 

8 

159.1740 

..-,..  j.u 

174.8520 

2433.7744 

9 

143.7279 

I64SJ874 

159.4358 

2022.8421 

176.1488 

:m>. »■■!*'. 

148.9697 

10 

is».6we 

2029.4907 

10 

175,1056 

2448  36117 

n 

144.2315 

10*6.8868 

11 

159.9694 

303.1. 1802 

11 

176.6674 

2455.6837 

*fl    0 

144J183 

1681.9028 

61  0 

160.2212 

«...«. 

M  0 

175.9292 

2463.0180 

144.5751 

1667.9294 

180.4830 

2049.5020 

176.1*10 

2 

146.0300 

2 

160.7448 

2056.1942 

2477.6912 
2430.0486 

s 

146.2987 

1680.0168 

8 

161.0066 

2062.8974 

17S.7146 

1686.0768 

161.2684 

20611.6114 

1     ■  ■  1 

2492.4174 

5 

146.8223 

1692.146B 

161.5802 

M6.0841 
146.3459 

1698JH72 

6 

161 .7920 
182.0688 

2083.0728 
2089.8191 

m~Mt  hi 

2507.1873 

2511.5886 

B 

146.6077 

rno'.wzi 

8 

162.8156 

2096.5766 

ivxdiio 

25220008 

» 

146.8695 

1716.5868 

1816774 

2103.3464 

2029.4239 

10 

147.1313 

1722-6616 

162.8392 

211(1.1249 

10 

m!6472 

2536.8579 

11 

1728.7977 

168.1010 

21 16.9153 

178.8090 

'2644.il/28 

1478649 

17S4.94+6 

a  o 

163.3628 

.1.:  Tin 

a  o 

179.0708 

2551. 7  8X6 

1 

147.9167 

1741.1023 

163.6246 

2180.6289 

179.8326 

2569.2254 

2 

1747.2709 

2 

163.8864 

2137.8620 

170.5944 

2666,7030 

> 

148.4403 

17.i3.4505 

3 

164.1482 

2144.1861 

17*.  8562 

2571.  ill  18 

148.7021 

1769.6410 

2151 .0310 

160.118(1 

2581.8910 

■ 

148.9630 

1766.8429 

164.8718 

2157.8809 

a 

149.2257 

1772.0648 

6 

161.9338 

2161.7587 

180.6416 

2596.  72-.J7 

7 

149.4875 

1778.2778 

7 

165.1954 

2171.6314 

180.9034 

'2601.2619 

8 

149.7*92 

1784.5119 

B 

165.4672 

2178,1200 

181.1662 

'.£11.7980 

B 

160.0110 

1790.7569 

2185.4195 

1HL4270 

26111.3520 

106OB0S 

2132.8298 

10 

181.6888 

2628.9169 

11 

uo&ue 

180&2796 

166.2426 

2199.25] » 

181.9506 

2634.4927 

48  0 

160.7964 
151.0682 

1809.5574 

1816.8460 

it  0 

1665044 
168.7602 

2208.1884 

m  o 

182.2124 

2649.6771 

3 

101.8300 

18221466 

167.0280 

2220.0806 

182.7380 

2657.2856 

> 

161.8818 

1828.4660 

167.2398 

2227.0456 

1 82.9978 

161.8486 

1814.7774 

16/. .5516 

2234.0214 

183.2596 

2672.5354 

6 

152. 10M 

167.8134 

2241.0082 

.'.«■  1      - 

6 

1618672 
162.6290 

1847.4628 

188.0752 
168.8370 

2246.0069 
2285.014B 

183.7882 

2887.8289 
'2696.4921 

8 

152.8908 

1860.1719 

1685988 

22621)840 

181.3088 

2703.16511 

» 

1866.5478 

168.8606 

'2269.0644 

27  ]  1.1.8508 

ID 

16&4144 

1872.9840 

109.1224 

2270. 1(167 

10 

184  .S1H 

271 8.8467 

11 

153.6702 

169.8842 

2283.1579 

185.0022 

48   0 

1896.7410 

54  0 

169.6460 

2290.2210 

50  0 

185.  .=1540 

2738.9710 

154.1998 

2297.2351 

185.6158 

2741.6995 

2 

164.4616 

16*85010 

170.1686 

2BO4.S800 

2716.4390 

154.7284 

1906.0823 

170.4311 

231]  .4769 

180. 1294 

/ffi.l  81" 

164.9862 

1911.4846 

110.6982 

2318.5626 

2761.9.506 

5 

e 

156.2470 

M17X78 
1914.4218 

170.9561) 

IV  (.2168 

2825.7008 

28823289 

1865630 

2772.7228 
2780.5USS 

166.7706 

WBU068 

171.4786 

2839.9684 

18?!l866 

278S.299S 

s 

1*6.0824 

11187.4827 

'2847.1188 

187.4484 

2796.1047 

utata 

172.0023 
1792J640 

saw.'.aoi 

2881.4698 

9 
10 

187.7102 
1M7.1J72U 

2803.2205 

2811.7472 

11 

166JK78 

19MlWW 

1715268 

11 

168.2338 

28)9.5849 
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TABLE  S  Or  CIBCLEfMOontiiraed), 
IMaum  In  unit*  and  twelfths*  u  in  feet  and  Inches. 


Mil 

Clrcamf. 

▲res. 

DU. 

Circunf. 

Are*. 

DU. 

Circusf. 

Ares* 

Ft.In. 

Feet. 

8q.ffc 

Pt.Iu. 

Feet. 

8q.  ft 

Ft.In. 

Feet. 

Sq.ft. 

60  0 

188.4966 

2827.4334 

65  0 

204.2085 

3818.8072 

70  0 

219.9115 

8848.4510 

1 

188.7574 

2885.2928 

1 

204.4658 

8326.8212 

1 

220.1788 

8857.6194 

2 

189.0192 

2843.1632 

2 

204.7271 

3335.3460 

2 

220.4851 

8866.7988 

3 

189.2810 

2851.0444 

8 

204.9889 

8848.8818 

8 

220.6969 

8875.9890 

4 

189.5428 

2858.9366 

4 

205.2507 

8852.4284 

4 

220.9587 

3885.1902 

6 

189.8046 

2866.8897 

5 

205.5125 

3360.9860 

6 

221.2205 

3894.4022 

6 

190.0664 

2874.7536 

6 

205.7748 

8869.5545 

6 

221.4823 

3903.6252 

7 

190.8282 

2882.6785 

7 

206.0361 

8878.1339 

7 

221.7441 

3912.8591 

8 

190.5900 

2890.6143 

8 

206.2979 

8386.7241 

8 

222.0059 

8922.1039 

9 

190.8518 

2898.5610 

9 

206.5597 

8395.3253 

9 

222.2677 

3931.8596 

10 

191.1136 

2906.5186 

10 

206.8215 

8403.9875 

10 

222.5295 

8940.6262 

11 

191.8754 

2914.4871 

11 

207.0883 

8412.5605 

11 

222.7918 

8949.9037 

•1  0 

191.6372 

2922.4666 

66  0 

207.3451 

8421.1944 

71  0 

223.0581 

8959.1921 

1 

191.8990 

2930.4569 

1 

207.6069 

8429.8392 

1 

223.8149 

3968.4915 

.  2 

192.1608 

2988.4581 

2 

207.8687 

3488.4950 

2 

228.5767 

8977.8017 

3 

192.4226 

.2946.4703 

8 

208.1305 

8447.1616 

8 

228.8385 

8987.1229 

4 

192.6843 

2954.4934 

4 

208.3928 

8455.8392 

4 

224.1003 

8996.4549 

5 

192.9461 

2962.5273 

5 

208.6541 

8464.5277 

5 

224.3621 

4005.7979 

6 

193.2079 

2970.5722 

6 

208.9159 

8473.2270 

6 

224.6239 

4015.1518 

7 

193.4697 

2978.6280 

7 

209.1777 

3481.9873 

■   7 

224.8857 

4024.5165 

8 

193.7315 

2986.6947 

8 

209.4395 

3490.6585 

8 

225.1475 

4083.8922 

9 

193.9933 

2994.7723 

9 

209.7013 

8499.3906 

9 

225.4093 

4043.2788 

10 

194.2551 

8002.8608 

10 

209.9631 

8508.1336 

10 

225.6711 

4052.6763 

11 

194.5169 

3010.9602 

11 

210,2249 

8516.8875 

11 

225.9329 

4062.0848 

62  0 

194.7787 

8019.0705 

67  0 

210.4867 

8525.6524 

72  0 

226.1947 

4071.5041 

] 

195.0405 

8027.1918 

1 

210.7485 

8534.4281 

1 

226.4565 

4080.9343 

2 

195.3023 

3035.3239 

2 

211.0108 

8543.2147 

2 

226.7188 

4090.3755 

8 

195.5641 

8043.4670 

8 

211.2721 

3552.0123 

3 

226.9801 

4099.8275 

4 

195.8259 

8051.6209 

4 

211.5389 

3560.8207 

4 

227.2419 

4109.2905 

5 

196.0877 

8059.7858 

5 

211.7967 

8569.6401 

6 

227.5037 

4118.7648 

6 

196.3495 

3067.9616 

6 

212.0575 

8678.4704 

6 

227.7655 

4128.2491 

7 

196.6113 

8076.1483 

7 

212.3193 

8587.3116 

7 

228.0273 

4187.7448 

8 

196.8731 

3084.8459 

8 

212.5811 

8596.1637 

8 

228.2891 

4147.2514 

9 

197.1349 

3092.5544 

9 

212.8429 

8605.0267 

9 

228.5509 

4J  56.7689 

10 

197.3967 

3100.7738 

10 

213.1047 

8613.9006 

10 

228.8127 

4166.2978 

11 

197.6585 

3109.0041 

11 

213.3665 

8622.7854 

11 

229.0745 

4175.8366 

68  0 

197.9203 

3117.2453 

66  0 

213.6288 

8681.6811 

78  0 

229.3368 

4185.3868 

1 

198.1821 

3125.4974 

1 

213.8901 

8640.5877 

1 

229.5981 

4194.9479 

2 

198.4439 

3133.7605 

2 

214.1519 

8649.5058 

2 

229  8599 

4204.5200 

8 

198.7057 

3142.0344 

8 

214.4187 

3658.4837 

8 

280.1217 

4214.1029 

4 

198.9675 

3150.8193 

4 

214.6755 

3667.8781 

4 

230.3885 

4223.6968 

5 

199.2293 

8158.6151 

5 

214.9373 

8676.3234 

5 

280.6453 

4233.3016 

6 

199.4911 

3166.9217 

6 

215.1991 

8685.2845 

6 

230.9071 

4242.9172 

7 

199.7529 

3175.2393 

7 

215.4609 

8694.2566 

7 

231.1689 

4252.5438 

8 

200.0147 

3188.5678 

8 

215.7227 

3703.2896 

8 

231.4307 

4262.1813 

9 

200.2765 

8191.9072 

9 

215.9845 

3712.2835 

9 

231.6925 

4271.8297 

K) 

200.5383 

3200.2575 

10 

216.2468 

3721.2383 

'  10 

231.9548 

4281.4890 

11 

200.8001 

3208.6188 

11 

216.5081 

3730.2540 

11 

232.2161 

4291.1592 

64  0 

201.0619 

8216.9909 

66  0 

216.7699 

3789.2807 

74  0 

232.4779 

4300.8403 

1 

201.3237 

3225.3739 

1 

217.0317 

3748.3182 

1 

232.7397 

4310.5824 

2 

201.5855 

3233.7679 

2 

217.2935 

3757.3666 

2 

233.0015 

4320.2353 

8 

201.8473 

3242.1727 

8 

217.5558 

8766.4260 

8 

233.2688 

4829.9492 

4 

202.1091 

3250.5885 

4 

217.8171 

8776.4962 

4 

233.5251 

4839.6789 

6 

202.3709 

3259.0151 

6 

218.0789 

8784.5774 

5 

233.7869 

4349.4096 

6 

202.6327 

3267.4527 

6 

218.3407 

3793.6695 

6 

234.0487 

4859.1562 

7 

202.8945 

3275.9012 

7 

218.6025 

3802.7725 

7 

234.3105 

4368.9186 

8 

208.1563 

3284.8606 

8 

218.8648 

8811.8864 

8 

284.5723 

4878.6820 

9 

203.4181 

3292.8809 

9 

219.1261 

3821.0112 

9 

234.8341 

4388.4613 

10 

203.6799 

3301.8121 

10 

219.3879 

3830.1469 

10 

235.0959 

4896.2515 

11 

208.9417 

3309.8042 

11 

219.6497 

3839.2935 

11 

235.3576 

4408.0526 

CIRCLES. 
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TABLE  3  OF  CIRCI.ES-(Contiiraed). 
In  units  and  twelfths;  as  in  feet  and  inches. 


Dia. 

Cireanf. 

Area. 

Dla. 

Clrcnmf. 

Area. 

Dia. 

Circumf. 

Area. 

Ft.In. 

Feet; 

Sq.ft. 

FUn. 

Jfeet* 

Sq.  ft. 

Ft.Iu. 

Feet. 

Sq.ft. 

75  0 

235.6194 

4417.8647 

80  0 

251.3274 

5026.5482 

85  0 

267.0354 

5674.5017 

1 

235.8812 

4427.6876 

1 

251.5892 

5037.0257 

1 

267.2972 

5685.6337 

2 

236.1430 

4437.5214 

2 

251.8510 

5047.5140 

2 

267.5590 

5696.7765 

3 

236.4048 

4447.3662 

8 

2521128 

5058.0133 

3 

267.8208 

5707.9302 

4 

236.6666 

4457.2218 

4 

252.3746 

5068.5234 

4 

268.0826 

5719.0949 

5 

236.9284 

4467.0884 

5 

252.6364 

5079.0445 

5 

268.3444 

5730.2705 

6 

237.1902 

4476.9659 

6 

252.8982 

5089.5764 

6 

268.6062 

5741.4569 

7 

237.4520 

4486.8548 

7 

253.1600 

5100.1193 

7 

268.8680 

5752.6543 

8 

237.7138 

4496.7536 

8 

253.4218 

5110.6731 

8 

269.1298 

5763.8626 

9 

237.9756 

4506.6637 

9 

253.6836 

5121.2378 

9 

269.3916 

5775.0818 

10 

238-2374 

4516.5849 

10 

253.9454 

5131.8134 

10 

269.6534 

5786.3119 

11 

238.4992 

4526.5169 

11 

254.2072 

5142.3999 

11 

269.9152 

5797.5529 

76  0 

238.7610 

4536.4598 

81  0 

254.4690 

5152.9974 

86  0 

270.1770 

5808.8048 

1 

239.0228 

4546.4136 

1 

254.7308 

5163.6057 

1 

270.4388 

5820.0676 

2 

239.2846 

4556.3784 

2 

254.9926 

5174.2249 

2 

270.7006 

5831.3414 

3 

239*5464 

4566.3540 

.  8 

255.2544 

5184.8551 

8 

270.9624 

5842.6260 

4 

239.8082 

4576.3406 

4 

255.5162 

5195.4961 

4 

271.2242 

5853.9216 

5 

240.0700 

4586.3380 

5 

255.7780 

5206.1481 

5 

271.4860 

5865.2280 

6 

240.3318 

4596.3464 

6 

256.0398 

5216.8110 

6 

271.7478 

5876.5454 

7 

240.5936 

4606.3657 

7 

256.3016 

5227.4847 

7 

272.0096 

5887.8737 

8 

240.8554 

4616.3959 

8 

256.5634 

52384694 

8 

272.2714 

5899.2129 

9 

241.1172 

4626.4370 

9 

256.8252 

5248.8650 

9 

272.5332 

5910.5630 

10 

241.3790 

4636.4890 

10 

257.0870 

5259.5715 

10 

272.7950 

5921.9240 

11 

241.6408 

4646.5519 

11 

257.3488 

5270.2889 

11 

273.0568 

5933.2959 

77  0 

241.9026 

4656.6257 

88  0 

257.6106 

5281.0173 

87  0 

273.3186 

5944.6787 

1 

242.1644 

4666.7104 

1 

257.8724 

5291.7565 

1 

273.5804 

5956.0724 

2 

212.4262 

4676.8061 

2 

258.1342 

5302.5066 

2 

273.8422 

5967.4771 

8 

212.6880 

4686.9126 

3 

258.3960 

5313.2677 

8 

274.1040 

5978.8926 

4 

242.9498 

4697.0301 

4 

258.6578 

5324.0396 

4 

274.3658 

5990.3191 

5 

24&2116 

4707.1584 

5 

258.9196 

5334.8225 

5 

274.6276 

6001.7564 

6 

243.4734 

4717.2977 

6 

259.1814 

5345.6162 

6 

274.8894 

6013.2047 

7 

243.7352 

4727.4479 

7 

259.4432 

5356.4209 

7 

275.1512 

6024.6639 

8 

243.9970 

4737.6090 

8 

259.7050 

5367.2365 

8 

275.4130 

6036.1340 

9 

244.2588 

4747.7810 

9 

259.9668 

5378.0630 

9 

275.6748 

6047.6149 

10 

244J2D6 

4757.9639 

10 

260.2286 

5388.9004 

10 

275.9366 

6059.1068 

11 

244.7824 

4768.1577 

11 

260.4904 

5399.7487 

11 

276.1984 

6070.6097 

78  0 

245.0442 

4778.3624 

88  0 

260.7522 

5410.6079 

88  0 

276.4602 

6082.1234 

1 

246.3060 

4788.5781 

1 

261.0140 

5421.4781 

1 

276.7220 

6093.6480 

2 

245.5678 

4798.8046 

2 

261.2758 

5432.3591 

2 

276.9838 

6105.1835 

3 

245.8296 

4809.0420 

3 

261.5376 

5443.2511 

8 

277.2456 

6116.7300 

4 

246.0914 

4819.2904 

4 

261.7994 

5454.1539 

4 

277.5074 

6128.2873 

5 

246.3532 

4829.5497 

5 

262.0612 

5465.0677 

5 

277.7692 

6139.8556 

6 

246.6150 

4839.8198 

6 

262.3230 

5475.9923 

6 

278.0309 

6151.4348 

7 

246.8768 

4850.1009 

7 

262.5848 

5486.9279 

7 

278.2927 

6163.0248 

8 

247.1386 

4860.3929 

8 

262.8466 

5497.8744 

8 

278.5545 

6174.6258 

9 

247.4004 

4870.6958 

9 

263.1084 

5508-8318 

9 

278.8163 

6186.2377 

10 

247.6622 

488L0096 

10 

263.3702 

5519.8001 

10 

279.0781 

6197.8605 

11 

247.9210 

489LS343 

11 

263.6320 

5530.7793 

11 

279.3399 

6209.4942 

79  0 

248.1858 

490L6699 

84  0 

263.8938 

5541.7694 

89  0 

279.6017 

6221.1389 

1 

248.4478 

4912.0165 

1 

264.1556 

5552.7705 

1 

279.8635 

6232.7944 

2 

248.7094 

4922.3739 

2 

264.4174 

5563.7824 

2 

280.1253 

6244.4608 

3 

248.9712 

4932.7428 

3 

264.6792 

5574.8053 

8 

280.3871 

6256.1382 

4 

249.2330 

4943.1215 

4 

264.9410 

5585.8390 

4 

280.6489 

6267.8264 

5 

249.4948 

4953.5117 

5 

265.2028 

5596.8837 

5 

280.9107 

6279.5256 

6 

249.7566 

4963.9127 

6 

265.4646 

5607.9392 

6 

281.1725 

6291.2356 

7 

250.0184 

4974.3247 

7 

265.7264 

5619.0057 

7 

281.4343 

6302.9566 

8 

250.2802 

4984.7476 

8 

265.9882 

5630.0831 

8 

281.6961 

6314.6885 

9 

250.5420 

49951814 

9 

266.2500 

5641.1714 

9 

281.9579 

6326.4313 

10 

250.8038 

5006.6261 

10 

266.5118 

5652.2706 

10 

282.2197 

6338.1850 

11 

251.0656 

5016.0817 

11 

266.7736 

5663.3807 

11 

282.4815 

6349.9496 

10 


TABLE  S  or  CIMCI.ES-  -(Continued). 

•an  iiwui  |  as  m  ieet  mm  —— ■ 

Ha. 

Cbtoif 

AIM. 

Ma. 

Clrcanf 

Area. 

IHa. 

Clreaaf 

Ana. 

Ft.In. 

Fast. 

sq.  a 

Ft.In 

Feat. 

Bq.ft. 

Ft  .In 

Feet. 

Sq.ft. 

M   D 

282.7433 

6361.7251 

298.4771 

6853.9134 

U  9 

803.9191 

7351.7686 

283.0051 

63716116 

6 

293.7389 

6866.1171 

10 

304.2109 

7304.4380 

2 

283.2669 

6385.3089 

294.0007 

6878.3917 

304.4727 

7377.1195 

a83..riiasv 

6S97.U71 

8 

204.2625 

0890.6472 

07   1 

804.7346 

7  389  .XI 13 

283.7905 

6108.9363 

S 

294.5243 

69(12.9135 

804  £988 

7102.51  Kl 

284.0528 

6420.7663 

10 

294.7601 

0916.1908 

i 

305.22*1 

6 

284.3141 

6432.6073 

11 

2U5.0479 

6927.4791 

i 

305  £199 

7427.9322 

7 

2815758 

6444.4592 

64  0 

SI95.8097 

29.55715 

0939.7782 

i 

SOtMHia 

7-MO.0877 
74!.3.«!0 

9 

286.09*6 

6468.1967 

9 

295.8333 

6964.4091 

| 

306.30,53 

",-'  06. 191 3 

285.3613 

6180.0803 

8 

306.6671 

7478.9595 

11 

235.6-231 

6491  .9758 

4 

298.8669 

6988.0887 

i 

306.8289 

7491.73*5 

<U    0 

285.8849 

vm.sn%'. 

0 

296.6187 

7001.4374 

9 

30V  .0907 

7001.5285 

1 

284.1467 

6515.7995 

6 

29829805 

7018.8019 

10 

7517*294 

1 

240.10SJ 

65S7.7S7S 

7 

a n 

7026.1774 

307.6113 

7030.1112 

a 

H3S.6703 

8 

2         U 

7038.5638 

as  < 

3O7.8701 

■iw.  m.ii 

mmw 

0 

2         >9 

7050.06,11 

S08JS79 

70,55.79,6 

6 

(37.1939 

0583.577!) 

10 

2         17 

7003.3693 

! 

308.3997 

756S.6W.1 

287.4557 

IWC.&KKi 

11 

2         ft 

7075.78(4 

1 

808.8616 

Yo3i.«v8 

287.7175 

65875325 

OS   0 

2         IB 

701-8.2184 

808.9233 

759423639 

8 

;«■;  </,-gs 

5599.5262 

2           11 

7100.6593 

1 

309.1851 

7607.2112 

■ 

'288.2411 

2 

2           19 

7113.1112 

1 

309.4469 

7620.1298 

10 

288.5(129 

6623 .541  IB 

■ 

3         (7 

7r2f.57.19 

309.7087 

763S.lf284 

'288.7647 

6635.5727 

t 

2         SO 

7138.0476 

309.8705 

7645.9384 

«    0 

289  .(W> 

6017.  in  01 

a 

2       a 

7150  .MSI 

3102323 

289  2883 

6659.5583 

8         11 

310,1341 

7671.7011 

a 

289.5501 

0071.7174 

E         » 

7175^340 

310.7669 

7884.7188 

aau.su  a 

6683.7876 

8 

I         >7 

718S.0518 

W  1 

311.0177 

7*7.6874 

290.0737 

6695.8684 

311.2790 

7710.6519 

n 

290.3355 

6707 .9603 

10 

3         13 

7213/1185 

! 

a 

290.5973 

6720.0630 

11 

7225.6686 

siijsosi 

7736*137 

2UO.S591 

073-2.1767 

90  0 

3         J9 

312.0649 

7749*109 

291.12110 

6744  .B013 

312.8267 

7762.8191 

9 

6756.  -1  365 

1 

3         15    7218.3810 

f 

291 .0445 

6768.5832 

£ 

3. — 38    7275.9777 

SI2J603 

7788*681 

n 

0780.7405 

302.6401 

72*8.5822 

t 

.313.1121 

7801.7090 

na  o 

2.12.  i  cm 

6792. 90  87 

6 

313.3739 

6)105.0878 

6 

303.16B7 

V313  82IH 

10 

313.6357 

7827 .6235 

a 

^t-ifiitr; 

6817.27-79 

11 

313.8975 

7840.8971 

2112.9535 

6829.4788 

8 

303.6873 

7339.1096 

ioo  o 

314.1683 

7853.9816 

* 

293.2153 

6841 .6907 

In  feet,  wht 

of  ail  1  n  ell.     Sea  ilmilnr 

l»L 

.0(4001 

A 

h, 

49^4 

7&1 
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Boles  for  Fig.  1  apply  to  all  area  equal  to,  or  lets  than,  a  semi-circle. 
«       "Fig.  2      "  «*  «*  or  greater  than,  a  semi-circle. 


Chord,  a  b,  of  whole  arc,  a  4  b, 

—  2  X  v'radios*  —  (radlua  —  rise)*.    Fig.  1. 

—  2  X  v'radius*  —  (rise  —  radius)*.    Fig.  2. 

—  2  X  v'rise  X  (2  X  radios  —  rise).    Figs.  1  and  2. 

—  2  X  radius  X  sine  ot%acb.    Figs.  1  and  2. 
rise 


-2X 


Figs,  land 2. 


tangent  of  a  b  d.+ 

—  2  X  dbl  X  cosine  of  abd.*    Figs.  1  and  2. 

—  2  X  %/d&  —  rise*.    Figs.  1  and  2.g 

—  approximately  8  X  db'i  —  8  X  length  of  arc  a  db%.    Fig.  1. 

For  labia  of  chords  to  radios  1>  see  p.  105. 


-2r radius  X 


Figs,  land 2; 


I*ngfh»  a  4  b, 

arc  a  d  b  in  degrees 
360 

—  .01745  X  radius  X  arc  a  d  b  in  degrees.    Figs.  1  and  2. 

If  the  arc  contains  fractions  of  a  degree,  see  p.  57. 

—  circumference  of  circle  —  length  of  tmaB  arc  subtending angle  aoK    Fig.  2. 

8  X  dog  — chord  ok* * 

—  approximately ^ «g«  l. 

fSMatlmainl  on  p.  lata.    See  also  tables,  pp.  148, 144  and  145. 

* 

•  a  6  d  is  —  %  of  4h»  angle  ao  b,  subtended  by  the  arc.    In  Fig.  2  the  latter  angle 
exceeds  180°. 

%db  —  chord  of  dib,  or  of  half  add  — \/rfse*+ @$a&)*.    ^K8- 1  and  2- 


1  If  rise 

.6     chord, 
.4        « 
.833     « 
.3        a 

••If  rise  — 

Jb    chord 
.4        w 

.883     « 
.8        « 


multiply  the  msolt  by 
1.036 
1.0196 
1.0114 
1.0088 

multiply  the  result  by 

1.012 
L0065 
1.0088 
1.0028 


If  rise 

.25  chord, 
.2        tt 
'.125     ** 
.1        M 

U  rise  — 
.25  chord 
.2        M 
.125     « 
.1        M 


multiply  the  result  by 
1.0044 
14021 
1.00036 
1.00015 

multiply  the  result  by 
1.0015 
1.0007 
1.00012 
1.00005 
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CIRCULAR  ARCS. 


Continued  from  p.  141* 

Bales  for  Fig.  1  apply  to  all  arcs  equal  to  or  lees  than  ft  semi-circle. 

u   Fig.  2    *»  M  "or  greater  than  a  semi-circle. 


M 


Radius,  c  a,  cd,  ci  or  c  b, 

04  «&)*  +  riao*  .  Figs.  1  and 2. 
2  X  rise 

db*§     ,  Figs,  land  2. 


2  X  rise 

sine  of  J^  a  c  6 
ris"  d  e 


1  —  cosine  of  }f  a  c  6 


,  Figs.  1  and  8. 
,  Fig.  1. 


K<*6?         ,  Figs.  1  and 2. 


sineof  }£&cd|| 
rise  d  e 


1  +  cosine  of  ^  a  c  of 


,  Fig.  2. 


For  tables  of  radii  to  chords  of  100  feet,  and  of  20  metres,  see  pp.  727  and  728. 

Rise,  or  middle  ordinate,  dey 

—  radius  —  \/radius*  —  (%abp,  Fig.  1. 

=  radius  +  \Zradms8  —  (^  a  6)*,  Fig.  2. 

—  radius  X  (1  —  cosine  of  bed ||),  Fig.  1. 
«  radius  X  (1  +  cosine  otbcd  j),f  Fig.  2. 

dftg3       ,  Figs.  1  and  2. 

2  X  radius 

—  %  a 6  X  tangent  of  a &d,*  Figs.  1  and  2. 

"  ^proximately  a^^L  '  ^  *' 

When  radius  —  chord  a  6,  the  result  is  6.7  parts  in  100  too  short. 
"  "      =■  3  X  chord  a  b,  the  result  is  0.7  parts  in  100  too  short 

For  tables  of  middle  ordi  nates,  see  pp.  726  to  73ft 

Side  ordiaate9  as  n  i, 

—  \Zradius3  —  « «•  +  rise  —  radius,  Figs.  1  and  2. 

anX  nb    ,  Rg.  1. 


approximately 


2  X  radius 

For  tables  of  side  ordinates,  see  p.  730, 


*  a  6  d  is  =3  yioi  the  angle  acb,  subtended  by  the  arc. 

f  Strictly,  this  should  read  1  minus  cosine;  but  the  cosines  of  angles  between  90° 
and  270°  must  then  be  regarded  as  minut  or  negative.  Our  rule,  therefore,  amounts 
to  the  same  thing.  

g d 6  —  chord  of  d i 6,  or  of  half  a  d  6,  =»  \Zrise*  +  (V$  a 6)*.    Figs.  1  and  2. 

|  bod  —  half  the  angle  acb  subtended  by  the  arc  In  Fig.  2,  the  latter  angle 
exceeds  180°. 
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Angle,  acb,  subtended  by  arc,  adb.  . 

An  angle  and  its  supplement  (as  6 c e  and  bed,  Fig.  2)  nave  the  same  tine,  the 
same  cosine  and  the  same  tangent. 

Caution.    The  following  sines,  etc.,  are  those  of  only  half  acb. 

Sine  of  \£acb  -  %£^-  .  Figs.  1  and  2. 
'*  radius 

«~  •      ~*  is       x       fadhw  —  rise     _.     „          rise  —  radius    _.     rt 
Cosine  of  \£  acb  —  ;:::n— —  ,  Fig.  1; ^^^ ,  Fig.  2. 


radius 


Tangent  of  }£ae6— — — ^i—  ,  Fig.l;  -  -.  .. 

radius  —  rise         °  rise  —  radius 


radius 
Hab 


,  Fig.  a 


Versed  sine  of  }£  a  c  6  — 


rise 
radius 


,  Figs.  1  and  2. 


For 
For 
For 


of  segments,,  a  d  b  e,  see  p.  140. 
as  of  sectors,  a  d  6  c,  see  p.  146. 

of  grsvritjr  of  arcs,  segments  and  sectors,  see  pp.  351  a,  c  and  d. 


To  describe  the  arc  of  a  circle  too  large  for  the  dividers. 
1st  Method*    Let  a  e  be  the  chord,  and  o  6  the  height,  of  the  required  arc,  as 

b 


laid  down  on  the  drawing.  On  a  separate  strip  of  paper,  aemn,  draw  a  c.  o  b.  and  a  b 
also  6  e,  parallel  to  the  chord  a  c.  It  is  well  to  make  6*.  and  6  e,  each  a  little  longer 
than  a  b.  Then  cut  off  the  paper  carefully  along  the  lines  8  b  and  b  «,  so  as  to  leave 
remaining  only  the  strip  <  a  b  e  m  n.  Now,  if  the  straight  sides  *  b  and  6  e  be  applied 
to  the  drawing,  so  that  any  parts  of  them  shall  touch  at  the  same  time  the  points  a 
and  6,  or  b  and  c,  the  point  b  on  the  strip  will  be  in  the  circumference  of  the  nrc, 
and  may  be  pricked  off.  Thus,  any  number  of  points  in  the  arc  may  be  found,  and 
afterward  united  to  form  the  carve. 

M  Method*    Draw  the  span  ab;  the  rise  re;  and  a  c,  b  c    From  c  with  radius 


e  r  describe  a  circle.  Make  each  of  the  arcs  o  t  and  i  I  equal  to  ro  or  r  i;  and  draw 
eLcL  Divide  rf,  cl*  er,  each  into  half  as  many  equal  pwrts  as  the  curve  is  to  be  diviued 
into.  Draw  the  lines  bl,  b2,  63;  and  a 4,  a 5,  a  6,  extended  to  meet  the  first  ones  at 
?, «.  A.  Then  «, «,  h,  are  points  in  one  half  the  curve.  Then  for  the  other  half,  draw 
similar  lines  front  a  to  7,  8,  9;  and  others  from  b  to  meet  them,  as  before.  Trace 
the«urve  by  hand. 


142 


CIRCULAR  ARCS. 


Remark.  -It  may  frequently  be  of  use  to  remember,  that  4a  any  are  b  o  «,  not 


exceeding  29°,  or  in  other  words,  wAose  cAord  be  it  at  lead  tixteen  timet  iU  ri*e,  the 
middle  ordinate  a  o.  will  b  «  one-bait  of  a  e,  quite  near  enough  for  many  par* 
poxes;  6  c  nnd  «  c  being  inugents  to  the  arc.f  And  Tice  vena,  if  in  such  an  ate  we 
make  o  c  equal  a  o.  then  will  c  be,  very  nearly,  the  point  at  which  tangents  from  the 
ends  of  the  arc  will  meet.  Also  the  middle  ordinate  n,  of  Use  naif  are  o  6,  or 
o«.  will  be  approximately  %olaa,  the  middle  ordinate  of  the  whole  arc.  Indeed, 
this  last  observation  will  apply  near  enough  for  many  approximate  uses  even  if  the 
arc  be  as  great  at  45°;  for  if  in  that  case  we  take  M  of  o  a  for  the  ordinate  n.  n  will 
then  be  but  1  part  in  163  too  small;  and  therefore  the  principle  may  often  be  u<*ed 
in  drawings,  for  finding  points  in  a  carve  of  too  great  radius  to  be  drawn  by  the 
dividers ;  for  in  the  same  manner,  Mat  n  will  be  the  middle  ordinate  for  the  are  •  * 
or  n  o;  and  so  on  to  any  extent.  Below  will  be  found  a  table  bjr  which  the 
rise  or  middle  ordinate  of  a  half  are  can  be  obtained  with  greater 
accuracy  when  required  for  more  exact  drawings. 


CIRCULAR  ARCS  IN  FBXK»UKHT  USB* 

The  fifth  column  Is  of  use  for  finding  points  for  drawing  arcs  too  large  for  the 
beam-compass,  on  the  principle  given  above.  In  even  the  largi  st  office  drawings  it 
will  not  be  necessary  to  use  more  than  the  first  three  decimals  of  the  fifth  column; 
and  after  the  arc  is  subdivided  into  part*  smaller  than  about  35°  each,  the  first  two 
decimals  .25  will  generally  suffice.    Original. 


Rise 

For 

For  rise 

Rise 

I     For 

For 

in 

Degrees 

For  red 

length  of 

of  half 

in 

Degrees 

For  red  jlength  of 

rise  of 

parts 

in  whole 

mult  rise 

aro  mult 

arc 

parts 

in  whole 

mult  rise  aro  mult 

halfare 

of 

aro. 

by 

chord 

mult  rise 

of 

aro. 

by 

chord 

■urtt 

chord. 

by 

by 

chord. 

by 

VftMtp 

1-50 

o 
9 

i 
9.75 

313. 

1.00107 

.2501 

21 

o        / 
56     8.70 

8.5 

1.04116 

.2538 

1-45 

10 

10.75 

253.625 

1.00132 

.2501 

63  46.90 

6.626 

1.06356 

.2649 

1-40 

11 

26.98 

200.5 

1.00167 

.2502 

.166 

G8  63.63    5.70291 

1.062881  2667 

1-35 

13 

4.92 

153.625 

1.00219 

.2502 

16 

73  44  39    6. 

1.07250  .259* 

1-30 

16 

15.38 

113. 

1.00296 

.2503 

.18 

79  11.73 

4.36803 

1.08428 

.2576 

1-25 

18 

17.74 

78.635 

1.00426 

.2504 

1-6 

87  1244 

8.626  < 

1.1*147 

2993 

1-20 

22 

50.64 

50.5 

1.00665 

.2606 

.207107 

90 

3.41422 

1.11072 

.2699 

1-19 

24 

2.16 

45.625 

1.00737 

.2607 

.226 

96  6467 

2.86913 

1.12997 

.2616 

1-18 

25 

21.65 

41. 

1.00821 

.2508 

& 

106  15  61 

2.5 

1.15912 

2639 

1-17 

20 

60.36 

36.626 

1.00920 

.2509 

115  14.69 

2.16289 

1.19082 

2665 

1-16  28 

30.00 

82.5 

1.01038 

.9610 

.3 

123  6130 

1.88889 

1.22496 

2692 

1-15  '30 

22.71 

28.625 

1.01181 

.2611 

.& 

134  46.62 

1.626 

1.27401 

2729 

1-14  132 

31.22 

26. 

1.01365 

.2513 

144  30.98 

1.43827 

1.32413 

2766 

1-13  J34 

69.08 

21.626 

1.01571 

.2515 

.4 

154  3835 

1.28126 

1.88322 

280? 

1-12  '37 

60.96 

18.5 

1 .01842 

.2617 

.426 

161  27.52 

1.10204 

1.42764 

2838 

1-11 

41 

13.16 

15.625 

1.02189 

.2620 

.46 

167  56.83 

1.11728 

1.47377 

.2868 

1-10 

46 

14.38 

13. 

1.02646 

.2525 

.475 

174     7.49 

1.06402 

1  521*2 

2899 

1-9     50 

6.91 

10.625 

1.03260 

.2530 

.6 

180               1. 

1.67080 

2929 

At  29°  oo  thus  found  will  be  but  about  8  parts  too  short  in  100. 
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Length*  irf  circular  arc*.   If  are  omhiN  n  Keadetrele,  He  p  in. 

™apir^^taB»<i!J?^°ikBte!lui™'i?^^B!K?i,*m"°'c,>* '™°  **  ™'™a  *  "■**■■ 
TABLE  OF  OIECDI.AX  ARCS.  w,.™. 


'IN*I.    ITrtn.    LnnUi.    H-jH.. 


MENSURATION. 
TABLE    OF  I'IRCDI.AR  ABCS- 

.     LftDitbi.     U'bDh.     LhjUi.  H'gbLi.     L«ftk>. 


m iwtSilG  kiliinnitu  or  u  taah.'  An  rf 1°,  bI'ih'ii =  l.Msi lew. 


To  find  the  length  of  a  elronlnr  are  by  the  following  (j 


LEDUiHN  OF  <.'IItCIILA.fi  ARM  TO  RAD  1. 
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CTROVULR  8BOVORS,  RINGS,  SSJOMBKTS,  RTC. 

¥igA*  * *  -  -* ■ »— ,  a  if  ft  c,  Fig  A, 


1 


of 

arc  adb 
2 


X  radiai «  *   (For  length  of  arc  tee  p.  141.) 
arc  adb  in  degrees. 


300 


Fig.  B. 


—  area  of  entire  circle  X 

(For  minutes  and  seconds  in  decimals  of  a  degree,  see  p.  67.) 

Area  of  a  circular  ring,  Fig.  B, 

—  area  of  larger  circle,  ed,  —  area  of  smaller  one,  a  b. 

—  .7844  X  (ssmof  diams,  cd  +  a  b)  X  (dift  ©f  diams.  ed—a  6.) 

—  1.5708  X  thickness  o  a  X  sum  °f  diameters  c  d  and  a  5. 


To  And  the  radios  of  a  circle  which  shall  have  the 

a  given  circular  rims;  es  dab,  Fig.  B, 


Draw  any  radius  n  r  of  the  outer  circle  ;  and  from  where  said  radios  cuts  the 
inner  circle  at  t,  draw  t  $  at  right  angles  to  it.    Then  will  t  $  be  the  required  radios. 

Breadth,  ea  —  bd,  of  a  circular  ring,  Fig.  B, 

—  V£  difference  of  diameters  e  d  and  a  b. 

—  %  (diameter  «d— v   1.2732  area  of  circle  a  b.J 

Area  of  a  circular  some  abed, 

m»  area  of  circle  m  n — areas  of  segments  aw  6  and  end, 
(for  areas  of  segments,  see  below.) 

A  circular  lume  is  a  crescent-shaped 
figure,  comprised  between  two  arcs  abe 
and  aoe  of  circles  of  different  radii,  a  d 
sndan. 

of  a  circular  lane  ab  oo 

— » area  of  segment  a  be — area  of  segment  ooc, 
(for  areas  of  segments  see  below.) 

Flg.D. 


To  isd  the  area  of  a  circular  •egmeut,  dftdd,  FlgaC,  B,see  table 
pp  147,148.    Also, 

of  Segment  adb*,  Fig.  A  (at  top  of  page) 

—  Area  of  Sector  adb  c  —  Ares  of  Triangle  abe. 

—  3^(Arcadft  X  radius  ad  — en  X  chord  a  6).    For  arc  a  d  ft,  see  p.  141. 


Hawing  the  area  of  a  segment  required  to  be  cut  off  from  a 
given  circle,  to  and  its  chord  and  rise. 

"  Diride  the  area  by  the  square  of  the  diameter  of  the  circle :  look  for  the  qttotiettt 
in  tits  column  of  areas  in  the  table  of  areas,  pp.  147, 148 ;  take  out  from  toe  table 
the  corresponding  number  in  the  column  of  rises.  Multiply  this  number  by  the 
diameter.    The  product  will  be  the  required  rise.    Then 

thord  —  2  X  \/  (diameter  —  rise)  X  ri«e. 
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TABLE  OF  AREAS  OF  CIRCULAR  SEGMENTS— (Continukd ) 


Riw  |Area= 

Rise 

Area= 
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Awft=s 
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div  by      (square 
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diam  of 

diam  of 
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261286 

•404 

297292 

441 

338886 

.478 

370706 

331 

.226974 

368 

.262249 

•406 

.298274 

.442 

334829 

.479 

371705 

382 

.227916 

369 

.268214 

•406 

.299266 

.448 

336823 

.480 

372704 

388 

.228868 

370 

.264179 

•407 

.800238 

444 

336816 

.481 

378704 

.884 

.229801 

.371 

.266146 

•408 

301221 

.446 

.837810 

.482 

.374703 

.836 

.230746 

.372 

.266111 

•409 

302204 

446 

.838804 

488 

.375702 

386 

.231689 

.373 

.267078 

•410 

303187 

.447 

339799 

.484 

370702 

.837 

.232634 

.374 

.265046 

•411 

304171 

■llo 

340793 

.486 

377701 

338 

.233680 

376 

.269014 

•412 

.806166 

•WW 

341788 

.486 

.878701 

339 

.234626 

.376 

2G9982 

•413 

306140 

.460 

.342783 

.487 

379701 

340 

.236473 

.377 

270961 

•414 

.807126 

461 

343778 

.MO 

.380700 

341 

.236421 

.378 

.271921 

•416 

308110 

462 

.344778 

.489 

381700 

342 

.237369 

379 

.272891 

•416 

309096 

468 

346768 

.490 

382700 

348 

.238319 

.380 

273861 

417 

310082 

464 

.346764 

.491 

.388700 

.844 

.239268 

381 

.274832; 

418 

311068 

466 

347760 

.492 

884699 

345 

.240219 

.382 

.276804 

419 

312066 

466 

.348766 

.498 

385099 

.846 

.241170 

.388 

276776 

420 

313042 

.467 

349762 

.494 

386699 

347 

.242122 

.384 

277748 

.421 

314029 

.468 

.360749 

496 

387699 

348 

.243074 

386 

.278721 

422 

316017 

.469 

361746 

.406 

.388699 

.849 

.244027 

386 

279696 

428 

316006 

.460 

.362742 

.497 

389699 

360 

.244980 

387 

.280669 

424 

316993 

.461 

353789 

498 

390609 

361 

.246936 

388 

.281643 

426 

317981 

.462 

364786 

499 

391690 

362 

.246890 

389 

282618 

.426 

318970 

,463 

366788 

300 

.802090 
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THE  ELLIPSE. 


ff 

b 

f-l 

V 

8 

/** 

Plg.l. 


a 
Pig.  3. 


An  *Uip*c  Is  a  eurve,  •  eee,  Fig  1,  formed  by  an  oblique  section  of  either  a  eone  or  a  cylinder,  past* 
log  through  its  curved  aorfaoe,  without  cutting  the  base.  Its  nature  is  sueb  thai  If  two  lines,  as 
nf  and  n  g.  Fig.  2,  be  drawn  from  any  point  n  in  its  periphery  or  oircumf,  to  two  oertaln  points/ 
and  g,  in  its  long  diam  e  w,  (and  oaHed  the  foci  of  the  ellipse,)  their  sum  will  be  equal  to  that  of  any 
other  two  lines,  as  bf,  and  6  g  drawn  from  any  other  point,  as  ft,  in  the  ciroumf;  to  the  fool  /and  g\ 
also  the  sum  of  any  two  such  lines  will  be  equal  to  the  long  diam  e  w.  The  line  e  w  dividing  the  ellipse 
into  two  equal  parts  lengthwise,  is  called  its  transverse,  or  major  axis,  or  long  diam ;  and  •  ft,  whieh 
divides  it  equally  at  right-angles  to  e  w,  ia  called  the  conjugate,  or  minor  axis,  or  snort  diam.  To 
find  the  position  of  the  foei  of  an  -ellipse,  .from  either  end,  as  6,  of  the  short  diam,  measure  off  the 
dists  6  /  and  ft  g.  Fig  2,  each  equal  to  o  e,  or  one  half  the  long  diam. 

The  parameter  of  an  ellipse  is  a  certain  length  obtained  thus ;  as  the  long  diam  t  sbort  diam  : : 
short  diam  :  parameter.  Any  line  r  »,  or  s  d,  Fig  3,  drawu  from  the  oircumf,  to,  and  at  right  angles 
to,  either  diam,  is  called  an  ordinate;  and  the  parts  e  v  and  v  w,  ft  *  and  s  a,  of  that  diam,  between 
the  ord  and  the  ciroumf,  are  oalled  abaci— 0,  or  abtcUa**. 

To  find  the  length  of  any  ordinate,  rvorsd,  drawn  to  either 

diam*  C  to  Or  b  f*.    Knowing  the  absciss,  c  v  or  *  a,  and  the  two  diams,  e  w,  ft  a ; 


e  w* :  b a* : :  c v  X  v w:  r  t*. 


b  a?:cw*::bs  X  *  a:s  &. 


To  find -the  elreumf  of -an  ellipse. 

Mathematicians  hare  furnished  practical  men  with  no  simple  working  rule  for  this  purpose.  The 
so-called  approximate  rules  do  not  deserve  the  name.  They  are  as  follows,  D  being  the  long  diam: 
sad  d  the  abort  one. 

Rrasl.  Circumf=  8.1416  JL±J*_.    Rtn.n  ft,  3.1418 


a     9  a    /  V     a     )> 


/P«-HP-\  •  Bulb  S.  2.2215^/  D3-H*» 

> 

this  is  the  same  as  Rule  2,  but  In  a  dlff  shape.  But*  4.  2 X}/  D*+ 1.4674  eP.    Now,  in  an  ellipse 

whose  long  and  short  diams  are  10  and  2,  the  ciroumf  is  actually  21,  very  approximately;  but  rule  1 
gives  it  =  18.85 ;  rule  2,  or  3,  =  22.65 ;  and  rule  4,  =  20.51.  Again,  If  the  diams -be  10  and  6,  the  dr. 
enmf  actually  =  25.50;  but  rule  4  gives  24.72.  These  examples  show  that  none  of  the  rules  usually 
given  are  reliable.  The  following  one  by  the  writer,  is  sufficiently  exact  for  ordinary  purposes;  not 
Wing  in  error  probably  more  than  1  part  in  1000.   When  D  is  not  more  than  6  times  as  king  as  d. 


Circumf =8.1416  ^/  Da+  d*  _  (D  —  «l)t 

2"  8.8 

If  D  exceeds  5  times  if,  then  in-  £  _Ma-,-1„s£-lfcjBSBx«>«-fia 
stead  of  dividing  (D  -d)«  by  8.8,  div  it  by  ►  mSSSSSSSSSSSSsSSSS 
the  number  in  this  table.  o ****,**-. 

The  following  rule  originated  with  Mr.  M.      ||  ^•^■w'w'tt'tt'a*1*'****'*"* 
Arnold  Pears,  of  New  South  Wales,  Australia,      o  **"•  *S2SS28S8S88g88 
and  was  by  him  kindly  communicated  to  the  author.    Although  not  more  accu- 
rate than  our  own,  it  is  much  neater. 

Circumf- 3.1416  d  +  2(D  —  d)—    <*(D  — <*) 

y/{T>  +  d)  X  (D  +  2d) 

The  following  table  Of  Seml-elliptiC  ares  was  prepared  by  our  rule. 

To  as*  this  taMe,  div  the  height  or  rise  of  the  arc,  by  Its  span  or  chord.  Theqnot 

will  be  the  height  of  an  are  whose  span  is  1.    Find  this  quot  In  the  column  of 

heights ;  and  taxe  out  the  corresponding  number  from  the  col.  of  lengths.   Mult  this 

number  by  the  actual  span.    The  prod  will  be  the  reqd  length. 

When  the  height  becomes  .500  of  the  chord  (as  at  the  end  of  the  table)  the  ellipse 

0    I       become*  a  circle.    When  the  height  exeeeds  .600  of  the  chord,  as  in  a  b  e,  then  take 

"HC     a  o,  or  half  the  ehord,  as  the  rise ;  and  div  this  rise  by  the  long  diam  ft  d,  for  ths 

qnot  to  be  looked  lor  in  the  col  of  heights ;  and  to  be  mult  by  long  diam.    We  thus 

get  the  are  b  •  d,  w.htofc  to  evidently  equal  to  •  *  «. 
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M*. 

u«u,= 

iM.bc 

L-«tt- 

H.!*>l 

L..*.. 

MM 

Uva^ 

"'"■ 

•puxbj 

"""■ 

.p.n,bj 

*"""■ 

*«**» 

♦I"- 

•pu.bf 

.oos 

1.000 

.130 

1.059 

5*6 

1219 

380 

1.300 

.01 

J36 

1528 

.010 

.140 

LOW 

58* 

1.233 

1 

a 

1.094 

1539 

1412 

on 

.276 

1546 

.400 

.03 

580 

1562 

.406 

1430 

,i<;o 

1.100 

586 

1.269 

.410 

1.011 

.105 

1.115 

.290 

15S6 

1441 

1.014 

1.272 

1.449 

.06 

1.(07 

1.126 

.800 

1579 

.426 

1.46ft 

.066 

1.020 

.160 

.306 

1586 

430 

146* 

.00 

.186 

LIST 

436 

1.471 

jws 

1.028. 

«  r. 

1598 

J>7 

.196 

114T 

I486 

.076 

LOSS 

xa 

LSM 

.460 

1.494 

.08 

506 

1.160 

1601 

.085 

1.089 

1.186 

.335 

1.326 

.00 

.216 

1.111 

i486 

1.517 

,095 

1.048 

■S46 

1.839 

1.624 

.100 

1.081 

528 

1.183 

.860 

1.3*8 

476 

1MI 

1.(166 

.3.18 

1563 

1.6*0 

,uo 

1.069 

.235 

1.196 

1.881 

486 

.116 

1.202 

M6 

LS88 

)« 

.131 

51* 

1.207 

496 

±-x> 

LOT* 

.260 

1.218 

X7& 

1JM 

IJfll 

To  (trow  a  tang-ent 

To  draw  it  Joint  (ip.of  »n  elliptic 


Km  w!rs  of  »«■,  will  girt  fonf  jtolDU  la  ibe  «ta\ 
■  y  polatni.fmiflHp«p.    Dm 


rch,£»m  nuy  r*iatn,la 
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To  draw  an  oral,  or  false  ellipse. 

When  only  the  long  diam  a  6  in  given,  the  following 
will  give  agreeable  curves,  of  which  the  span  a  6  will 
not  exceed  about  three  times  the  rise  c  o.  On  a  b  de- 
scribe two  intersecting  circles  of  any  rad;  through 
their  intersections «,  v,  draw  eg;  make  « g  and  v  * 
each  equal  to  the  diam  of  one  of  the  circles.  Through 
the  centers  of  the  circles,  draw  «  y,  e  h,  g  d,  g  t.  From 
•  describe  h  i  y ;  and  from  g  describe  dot. 


When  the  span,  mn,  and  the 
rise,  *  tf  are  both  given. 

Hake  any  tw  and  rar,  equal  to  each  other, 
but  each  less  than  t «.  Draw  r  w;  and  through 
its  center  o  draw  the  perp  ioy.  Draw  y  r  z. 
Make  n  *  equal  mr,  and  draw*  xb.  From  x  and 
r  describe  n  c  and  m  a;  and  from  y  describe) 
ate.  By  making  « d  equal  to  « y,  we  obtain 
the  center  for  the  other  side  of  the  oval. 

The  beauty  of  the  curve  will  depend  upoq 
what  portion  of  (  «  is  taken  for  m  r  and  t  w. 
When  an  oval  is  very  flat,  more  than  three  cen- 
ters are  required  for  drawing  a  graceful  curve ; 
but  the  finding  of  these  centers  is  quite  as  tren* 
blesome  as  to  draw  the  correct  ellipse. 


On  the  given  line,  a  a,  to  draw  a 
cjrma  reeta,  ac«. 

Find  the  center  c,  of  a  «.  From  a,  «,  and  a,  with  one-half 
of  a  «  as  rad,  draw  the  four  small  ares  at  o.  o.  The  inter- 
sections o,  o,  are  the  oenters  for  drawing  the  oyma,  with 
the  same  rad.  By  reversing  the  position  of  the  arcs,  we 
obtain  the  cysaa  reverta,  or  ogee,  d  tf. 


Jo 


a 


~k 
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THE  PA 


The  common  or  conic  parabola, 

•  ft  c,  Pig  1,  la  a  carve  formed  by  catting  a  cone  in  a  direction  ft  «,  parallel  to  ita  tide.  The 
Burred  line  o  b  e  itself  ia  called  the  .perimeter  of  the  parabola;  the  line  o  c  is  called  its  froae;  b  m  ita 
height  or  axit ;  ft  ita  apex  or  vertex ;  any  line  e  a,  or  o  a,.  Fig  2,  drawn  from  the  carve,  to,  and  at  right 
angles  to,  the  azia,  is  an  ordinate  ;  and  the  part «  ft,  or  a  ft,  of  the  axis,  between  the  ordinate  and  the 
apex  6,  is  an  oftactoa.  The  /octta  of  a  parabola  la  that  point  in  the  axis,  where  the  abscissa  b  a,  is 
equal  to  one-half  of  the  ord  a  a.  The  dUt  from  the  apex  to  the  focus,  is  called  the  focal  dUt.  The 
focus  may  be  entirely  beyond  or  outside  of  the  curve  itself.  Its  dist  from  the  apex  is  found  thus : 
square  any  ord,  as  o  a :  div  this  square  by  the  abscissa  6  a  of  that  ord;  div  the  quot  by  4.  The 
nature  of  the  parabola  Is  such  that  its  abscissas,  as  b  «,  b  a,  *e,  are  to  each  other  aa,  or  In  proportion 
to,  the  squares  of  their  respective ords  a  «,  o  a,  Ac;  that  is,  aa  6  a  :  6  a  : :  as*  :  o  a*;  or  ft  a  :  a  a* : :  b  a : 
oa*.  If  the  square  of  any  ord  be  divided  by  ita  abscissa,  the  quot  will  be  a  constant  quantity ;  that 
is,  It  will  be  equal  to  the  square  of  any  other  ord  divided  by  ita  abscissa.  This  quot  or  constant  quan- 
tity ia  also  equal  to  a  certain  quantity  ealled  the  parameter  of  the  parabola.  Therefore  the  parameter 
may  be  found  by  squaring  a  »,  or  o  a,  (one-Aay  of  the  base,)  and  dividing  said  square  by  the  height 
ft  a,  or  6  a,  as  the  case  may  be.  If  the  square  of  any  ord  be  divided  by  the  parameter,  the  quot  will 
be  the  abscissa  of  that  ord. 

To  find  tli©  length  of  a  parabolic  carve. 

The  approximate  rule  given  by  various  pocket-books,  is  aa  follows : 

Length  =  2  X  VPA  base)*  +  \%  times  the  (Heigh t*) 

Where  the  height  does  notexoeed  l-10th  of  the  base,  this  rule  may,  for  practical 
purposes,  be  called  exact.  With  ht  =  K  base,  it  gives  about  X  per  oent  too 
much;  ht  =  X  base,  anoat  SH  percent;  ht=base,  about  %H  per  oent;  ht  = 
twice  the  base,  about  \t%  percent ;  ht=  10  X  base,  or  more,  about  l&H  per  cent. 

The  followlajt  by  the  writer  Is  eorreet 
within  perhaps  I  part  in  800,  in- all  oaaea ;  and  will 
therefore  answer  for  many  purposes. 

Let  adb,  Fig  S,  or  n  a  d.  Fig  4,  be  the  parabola, 
in  which  are  given  the  base  a  ft  or  n  4;  and  the 
height  c  d  or  c  a.  Imagine  the  complete  fig  a  a?  ft  a, 
or  n  a  d  6,  to  be  drawn :  and  in  either  ease,  aaanme 
its  long  diam  a  ft  to  be  the  chord  or  base ;  and  one- 
half  the  short  diam,  or  c  d,  to  be  the  height,  of  a 
circular  arc  Find  the  length  of  this  circular  are, 
by  means  of  the  rule  and  table  given  for  that  pur- 
pose. Then  div  the  chord  or  base  a  ft,  or  n  d  at 
the  parabola,  by  its  height  c  d  or  c  a.  Look  for 
t:>e  quot  in  the  column  of  bases  in  the  following 
table,  and  take  from  the  table  the  corresponding 
multiplier.  Mult  the  length  of  the  circular  are  by 
this ;  the  prod  will  be  the  length  of  aro  a  d  ft,  or 
a  <s  <Z,  as  the  case  may  be.  For  bases  of  parabolas 
less  than  .05  of  the  height,  or  greater  than  10  times 
the  height,  the  multiplier  is  1,  and  ia  very  approx- 
imate; or  in  other  words,  the  parabola  will  be 
of  almost  exactly  the  same  length  aa  the  circular 
aro.  . 

To  find  the  area  of  a  parabola  nt  a  n  5. 

Mult  ita  baae  m  n,  Fig  5,  by  its  height  a  ft ;  and  take  *$da  of  the  prod. 
The  area  of  any  segment,  as  ubv,  whose  baae  u  v  is  parallel  to  m  n.  Is 
found  in  the  same  way,  using  w  e  and  a  ft,  instead  of  m  n  and  a  6. 

To  find  the  area  of  a  parabolic  lone,  or  frus- 
tum, asmnuv. 

Bui*  1.  First  find  by  the  preceding  rule  the  area  of  the  whole  parabola 
m ft n ;  then  that  of  the  segment  ubv;  and  subtract  the  last  from  the 
first. 

Bulb  2.  From  the  cube  of  m  n,  take  the  cube  of  it  v ;  call  the  diff  e. 
From  the  square  of  m  n,  take  the  square  of  at  v ;  ceil  the  diff  a.  Div  e  by 
a.    Mult  the  quot  by  %&*  of  the  height  a  a. 
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Table  fot  Lengths  of  Parabolic  Carves.  See  opp  page.   (Original.) 


Base. 

Mali.    . 

B&M. 

Mult. 

Base. 

Mult. 

Ban. 

Molt. 

.05 

1.000 

1.10 

.999 

215 

.949 

a-io 

483 

.10 

1.001 

1.15 

.997 

2.20 

.951 

3.30 

QOJ 

.15 

1.002 

1.20 

.995 

2.25 

.954 

3.40 

485 

.20 

1.004 

1.25 

.993 

2.30 

.956 

3.50 

486 

.25 

1.006 

1.30 

.990 

2.35 

.958 

3.00 

487 

.30 

1.007 

1.35 

.987 

2.40 

.960 

3.70 

4S6 

.35 

1.007 

1.40 

484' 

2.45 

.962 

3.80 

4S9 

.40 

1.008 

1.45 

.980 

2.60 

.963 

3.90 

490 

.45 

1.000 

1.50 

.977 

2.C5 

.965 

400 

401 

.50 

1.010 

1.55 

.974 

2.60 

.967 

4.25 

49* 

.55 

1.010 

1.60 

.970 

2.C5 

.969 

4.50 

493 

.60 

1.010 

1.65 

466 

2.70 

.970 

4.75 

494 

.65 

1.011 

1.70 

.90S 

2.76 

.972 

6.00 

495 

.70 

1.011 

•    1.75 

460 

2.80 

.973 

5.25 

.996 

.75 

1.010 

1.80 

.957 

2.S5 

.975 

5.50 

497 

.80 

1.009 

1.85 

.953 

2.90 

.976 

5.75 

498 

.85 

1.008 

1.90 

.950 

2.95 

.978 

6.00 

.998 

40 

1.006 

1.95 

.946 

3.00 

.979 

7.00 

.999 

.95 

1.004 

2.00 

.942 

305 

.980 

8.00 

1400 

1.00 

1.002 

2.05 

.911 

3.10 

.981 

10.00 

1.000 

1.05 

1.001 

2.10 

416 

3.15 

.982 

To  draw  a  parabola,  having  base  c  $  and  height  e  o. 

cos,  Tic  6.  Make  o  t  equal  to  the  height  e  e.  Draw  c  t  and 
at;  and  divide  each  ofthcm  into  any  number  of  equal  parts ; 
■umbering  them  as  in  the  Fig.  Join  1, 1 ;  2, 2;  3, 3.  £c; 
then  draw  the  curve  by  band.  It  will  be  observed  that  the 
Intersections  of  the  lines  1,1;  t,  J,  &e,  do  not  give  points  in 
the  curve ;  but  a  portion  of  each  of  those  lines  forms  a  tan- 
gent to  the  carve.  By  increasing  tbo  number  of  divisions 
on  c  t  and  s  t,  an  almost  perfect  curve  is  formed,  scarcely 
requiring  to  be  touched  up  by  hand.  In  practice  it  is  best 
first  to  draw  only  the  center  portions  of  the  two  lines  which 
cross  eaeh  other  Just  above  o ;  and  from  them  to  work  down, 
ward;  actually  drawing  only  that  small  portion  of  each 
sooeessive  lower  line,  which  is  necessary  to  indicate  the 
curve. 

Or  the  parabola  may  be  drawn 

thus: 

Let  b  e.  Fig  T,  be  the  base ;  and  a  d  the  height.  Draw  the 
reetangle  bnme;  div  each  half  of  tbo  base  Into  any  num- 
ber of  equal  parts,  and  number  them  from  the  center  each 
way.  Div  »  o,  and  t*  c  into  tbo  same  number  of  equal  parts ; 

and  nnmber  them  from  the  top,  downward.    From  the  points  Pi<r  0. 

en  b  e  draw  vert  lines ;  and  from  those  at  the  sides  draw  li  nes  * 

to  d.  Then  the  intersections  or  lines  1,1;  *2. 2.  Ac, 
will  form  points  in  tbefmrabola.  As  in  the  pre- 
ceding ease,  ft  is  not  necessary  to  draw  the  entire 
Unco;  bat  merely  portions  of  them,  as  shown  be- 
tween d  and  e. 

Or  a  parabola  may  be  drawn  by  first  div  the 
height  a  b.  Fig  5,  into  any  number  of  parts,  either 
equal  or  unequal ;  and  then  calculating  the  ordi- 
nates  ui.io;  thus,  as  the  height  a  b  :  square  of 
half  base  on*::  any  absciss  b  «  :  square  of  Its 
ord  u  s.    Take  the  sq  rtfortt*. 

Rnc.  —When  the  height  of  a  parabola  Is  not 
greater  than  l-10th  part  Its  base,  the  carve  coin- 
cides so  very  closely  with  that  of  a  circular  are, 
that  In  the  preparation  of  drawings  for  suspen- 
sion bridges,  Ac,  the  elreiiwr  are  may  be  em- 
ployed ;  or  if  ne  great  accuracy  Is  reqd,  the  circle 
may  be  ased  even  when  the  height  is  as  great  as 
soe-eighth  of  the  base. 

To  draw  a  tangrcnt-  »c  r,  Fig.  5,  to  a  parabola,  from  any  point  v. 

Draw  v«  pernio  axis  ab;  prolong  a  4  until  b  w equals  sb.    Join  w». 

11 
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MENSURATION. 


The  Cycloid, 

acb,  is  the  ourve  described  by  a  point  a  in  the  circumference  of  a  circle, 
a »,  during  one  complete  revolution  of  the  circle,  rolled  along  a  straight  line 

ab;  which  is  cahed  the  base  of  the 
b  cycloid. 

Tbe  vertex  of  the  cycloid  is  at  c. 

Base,  a  6,  =  circumference  of  generat- 
ing circle  an 
=  diameter,  c<f,  of  generat- 
ing circleX  w  =  3.1416«L 

Axis,  or  helg tat,    cd=an. 

Length,  acb,  =  4cd. 

a  eb  d  =  3  X  area  of  generating  circle,  a  n 

=  3^^  =cd*Xiv  =  cd*X  2.8562. 


Center  of  gravity  at  g. 


eg  =  fed. 


To  draw  a  tangent,  eot  from  any  point  e  in  a  cycloid:  draw  es  at  right 
angles  to  the  axis  cd\  on  c  d  describe  the  generating  circle  act;  join  tc;  from 
e  draw  e  o  parallel  to  tc.  The  cycloid  is  the  carve  of  quickest  descent ; 
so  that  a  body  would  fall  from  6  to  c  along  the  curve  B  m  c,  in  less  time  than 
along  the  inclined  plane  b  i  c,  or  any  other  line. 


SOLIDS. 

THE   REGVLAR   BODIES. 

A  regular  body,  or  regular  polyhedron,  is  one  which  has  all  its 
sides,  and  its  solid  angles,  respectively  similar  and  equal  to  each  other.  There 
are  but  five  such  bodies,  as  follows : 


Name. 

Bounded  by 

Surface 

(—sum  of  surfaces 
of  all  the  faces). 

Multiply  the  square 
of  the  length  of 
one  edge  by 

Volume. 

Multiply  the 

cube  of  the 

length  of  one 

edge  by 

4  equilateral  triangles. 
6  squares. 

8  equilateral  triangles. 
12        "      pentagons. 
20        "      triangles. 

1.7320 
6. 

3.4641 
20.6458 
8.6602            1 

.1178 
1. 

.4714 
7.6681 
2.1817' 

Hexahedron  or  cube 
Octahedron 

I 


Gnldinus'  Theorem.    To  find  the  volume  of  any  body  (as  the 

Vi„  x  ™_  R  irregularmaBS<i6cw>,FigA,orthering 

*  *  A*  *  ig-  «.  a  b  e  w,  Fig  B),  generated  by  a  complete 

or  partial  revolution  of  any  figure  (as 
abea)  around  one  of  its  sides  (asa«, 
Fig  A),  or  around  any  other  axis  (as 
xyFigB). 

Volume  =  surface  abcaX.  length 
of  arc  described  by  its  center  of  grav- 
ity G.  * 

If  the  revolution  is  comp'ete,  the  arc 
described  is  =  circumference  =  radius 
o  G*  X  2ir  =  radius  o  G*  X  6.288186 ;  and 
Volume  =8urface  abeaX  radius 
oG*X  6.283186. 


If  the  revolution  is  incomplete, 

complete  .  incomplete 
revolution  '  revolution 


circumference 
found  as  above 


arc 
described 


*  Measured  perpendicularly  to  the  axis  of  revolution. 


MENSURATION.  If 

PABALLGLUPIPCIIIt. 


out*,  Fig  1,  which  has  nil  Id  side* equal squares,  a  udall  lis  auRleo 'right  angles; 
the  ri^/4/  rectangular  priim,  Fig  2,  has  all  its  angles  right  angles,  each  pair  of 
oppofiilt  fates  equal,  bul  out  all  of  lb  faces  equal ;  the  JMotnAtWrvn.  Fig  3, 


which,  like  the  ] 


i  h1]  its  sides  equal 

aetimes  called. " rhomb";  thefiAomWe  pi . ,  ...... 

imboids,  eiL-h  pair  of  opposite  Dues  equal,  but  not  all  its  faces  is 
alleloplpeda  are  prisma. 
Volume  of  nny  _  area  of  anj  face,  „  perpendicular  dMmi 
pamllMoplped  as  «,  A       to  the  opposite  fa 

Vol n me  of  &  cube     —  cube  of  length  of  oue  edge, 


tof  in 


DIhjtohI  of  a>  cub*  —  din  meter  of  cireumscrit 

=  1.732050s  X  length  of  Ol 

The  diagonal  of  a  rhomb,  or  of  «  rhombic  prlBm,  can 


ribedap 


1  equal:  aud  whose  «/«V» 
parnllelowami;  ;i:<  Vie*  r. 

to  10.  CoMmnenilVUwforo. 

p  going    larallelopiieds    are 
r    nriams.  A.-lo/Wprismlanne 


the  sides  of  the 
d  between  those 


iijrurw  which 
side-  are  also 


To  And  the  volume  of  inj  rm*tnm  ■ 

of  any  prism. 
Whose  cross  ■eetion,  perpendicular  to  its  sides, 

square,  (as  in  Fig  "C«  >".(»tor  polj-gon  of 
■  i.y  number  nf  sides;  no  matter  how  ifie  two 
ends  of  the  fm-titm  may  be  inclined  with  regard 
to  each  other;  or  whether  one,  or  neither  of 
them,  Is  parallel  to  the  base  of  the  original 
prism. 


im  {whether  regular  or  irregular,  right  or  oblique) 
rpmdiailnr  distance, ;,.  to  the  other  end 
perpendicular  to  the  sides  X  actual  length,  ab.  Figs 
lid  whose  base  and  height  are  =  those  of  the  prism. 


of  On  sin  in  ~ 


i  of  lengths  of  parous!  edges. 


•  Often  misspelt "  frustru 


Figs.  10%. 

rea  of  cross  sectloi 

perpernlienlar 
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MENSURATION. 


This  rule  may  be  used  for  ascertaining  beforehand,  the  Quantity  of  earth  to 
be  removed  from  a  "borrow  pit."    The  irregular  surface  or  the  ground  is  first 
staked  out  in  squares;  (the  tape-line  being  stretched  /Horizontally,  when  meas- 
uring off  their  sides).    These  squares  should  be  of  such 
a  size  that  without  materia!  error  each  of  them  may  be 
considered  to  be  a  plane  surface,  either  horizontal  or  in- 
clined.   The  depth  of  the  horizontal  bottom  of  the  pit 
being  determined  on,  and  the  levels  being  taken  at  every 
>6     corner  of  the  square*,  we  are  thereby  furnished  with  the 
lengths  of  the  four  parallel  vertical  edges  of  each  of  the 
resulting  frustums  of  earth.    In  Figs  10%  y  may  be  sup- 
Fig.  \Q%.  posed  to  represent  one  of  these  frustums. 

If  the  frustum  fs  that  of  an  irregular  4-sided,  or  polyg- 
onal prism,  first  divide  its  cross  section  perpendicular  to  its  sides,  into  tri- 
angles, by  lines  drawn  from  any  one  of  its  angles,  as  af  Fig  10%.  Calculate  the 
area  of  each  of  these  ti  iangles  separately ;  then  consider  the  entire  frustum  to 
be  mad j  up  of  so  many  tri-ineular  ones;  calculate  the  volume 
of  each  of  these  by  the  preceding  rule  for  triangular  frustums; 
and  add  them  together,  for  ihe  volume  of  the  entire  frustum. 

Volume  of  any  frostum  of  any  prism. 

Or  of  a  cylinder.  Consider  either  end  to  be  the  base ;  and  find  its 
area.  Also  find  the  center  of  gravity  c  of  the  other  end,  and  the 
perpendicular  distance  ft  c,  from  the  base  to  said  center  of  gravity. 

Fig.  10%.      Then   Volume  of  frustum  =  area  of  base  X»  c,  Fig  10%. 

The  slant  end,  c,  is  an  ellipse.   Its  area  is  greater  than  that  of  the  circular  end. 
Surface  of  any  prism,  Figs  5  to  10,  whether  right  or  oblique,  regular 
or  irregular 

_  /  circumference  measured   ^  „«♦„»!  iA„„*u  „  a\  _l  sum  of  the  areas 
~  ^perpendicular  to  the  sides  x  actual  Jen8tn»  a  °)  +  of  the  two  ends. 

CYLINDERS. 

A  cylinder  is  any  solid  whose  ends  are 
parallel,  similar,  and  equal  curved  figures ; 
and  whose  sections  parallel  to  the  ends 
are  everywhere  the  same  as  the  ends. 
Hence  there  are  circular  cylinders,  ellip- 
P  tic  cylinders  (or  cylindroids)  and  many- 
others  ;  but  when  not  otherwise  expressed, 
the  circular  one  is  understood.  A  right 
cylinder  is  one  whose  ends  are  perpen- 
dicular to  its  sides,  as  Fig.  11 ;  when  other- 
wise, it  is  oblique,  as  Fig  12.  If  the  ends 
of  a  right  circular  cylinder  be  cut  so  as  to 
make  it  oblique,  it  becomes  an  elliptic  one ;  Decause  then  both  its  ends,  and  all 
sections  parallel  to  them,  are  ellipses.  An  oblique  circular  cylinder  seldom 
occurs ;  it  may  be  conceived  of  by  imagining  the  two  ends  of  Fig  12  to  be  circles, 
united  by  straight  lines  forming  its  curved  sides 
A  cylinder  is  a  prism  having  an  infinite  number  of  sides. 

Volume  of  any  cylinder  (whether  circular  or  elliptic,  to,  rightor  oblique) 
=  area  of  one  end  X  perpendicular  distance,  p,  to  the  other  end, 

-  {-SSrt  ^TtTS? Sto-  x  **■""  >-«*.  •*•  «■■ »  -*  l2> 

—  3  X  volume  of  a  cone  whose  base  and  height  are  =  those  of  the  cylinder. 
Surface  of  any  cylinder  (whether  circular  or  elliptic,  Ac,  right  or  oblioue) 

/circumference  '  .  A    sum  of  the  areas 

=  I  measured  perpendicularly   X  actual  length,  a  b  I  +  of  the  tw0  ^^ 
Vto  the  sides,  as  at  c  o,  Fig  12,  ' 

Right  cireular  eylinder  whose  height  =  diameter. 

Volume  =1JX  volume  of  inscribed  sphere. 

Curved  surface    =  surface  of  inscribed  sphere. 

Area  of  one  end  =  \  surface  of  inscribed  sphere  =  \  curved  surface. 

Entire  surface     =  \\  X  surface  of  inscribed  sphere  =  \\  X  curved  surface. 


*|CZ^ 


Fig.  11. 


Fig.  12. 


CONTENTS  OP  CYLINDEBS,  OR  PIPES. 
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Contents  for  one  loot  In  length,  in  Cub  Ft,  and  in  U.  &  Gallons  of 

SI  aab  ins,  or  7.4806  Galls  to  a  Cob  Pt.    A  eab  ftaf  water  weighs  about  6S»  lbs ;  and  a  gallon 
about  SMJb*.    Plasma  *,  S,  «r  1*  ttsnee  a*  great,  give  4, 9,  or  100  times  the  oonteot. 

For  the  weight  of  water  in  pipes,  see  Table       page  846. 
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For  1ft.  in 

Fori  ft  in 

Fori  ft  in 

length. 

• 

length. 

length. 

Diam. 

Diam. 
In  deci- 

Diam. 
in 

•  Diam. 
in  deci- 

Diam. 

Diam. 
in  deci- 

in 

.  a 

v.  m 

23 

«.  m 

.  a 

*a  2 

las. 

mate  of 

s«  • 

2-9 

Ins. 

mals  of 

lu 

o  a 

in 

mals  of 

8*^ 

o  a 

a  root. 

*1* 

3« 

afoot. 

8* 

las. 

afoot. 

£e«: 

5 

5-° 

O  0 

•  *  — 

£  o 

•  *  — 

2.  o" 

w 

3g 

°3 

*2 

19. 

n* 

•a© 
*3 

5-1$ 

.0206 

.0003 

.0025 

% 

.6H25 

.2486 

1.859 

1.683 

1.969 

14.73 
16.51 

.0260 

.0005 

.0040 

7. 

.6833 

5673 

1.990 

M 

1.626 

2.074 

7-?i 

.0313 

.0008 

.0057 

\i 

.6042 

.2867 

2.145 

20. 

1.667 

2.182 

16.82 

.0366 

.0010 

.0078 

.6260 

.3068 

2.295 

M 

1.708 

2.292 

17.15 

9-8 

0417 

.0014 

.0102 

7A 

.6468 

.3276 

2.450 

21. 

1.760 

2.406 

17.99 

.0469 

.0017 

.0129 

8. 

.6667 

.3491 

2.611 

M 

1.792 

2.621 

18.86 

11-16 

.0521 
.0573 

.0021 
.0026 

.0169 
.0193 

jj 

.6876 
.7088 

.3712 
.3941 

2.777 
2.948 

22. 

1.888 
1.876 

2.640 
2.761 

19  75 
20.66 

T& 

.0625 

.0031 

.0230 

SA 

.7292 

.4176 

8.125 

23. 

1.917 

2.885 

21.58 

.0677 

.0030 

.0269 

9. 

J500 

.4418 

8.305 

H 

1.968 

3.012 

22.53 

15-16 

.0729 

.0042 

.0312 

1/ 

.7708 

.4667 

8491 

24. 

2.000 

8.142 

23.50 

.0781 

.0048 

.0359 

2a 

.7917 

.4922 

8.682 

26. 

2.083 

3.409 

25.50 

1. 

.083) 

.0055 

.0408 

74 

.8125 

.5186 

3.879 

26. 

2.167 

3.687 

27.68 

l^ 

.1042 

.0085 

.0638 

10. 

.8333 

.6464 

4.080 

27. 

2.250 

3.976 

29.74 

.1250 

.0123 

.0918 

.8542 

.5730 

4.286 

28. 

2.333 

4.276 

31.99 

7* 

.1-458 

.0167 

.1249 

.8750 

.6013 

4.498 

29. 

2.417 

4.687 

84.31 

2. 

.1667 

.0218 

.1632 

Z4 

.8958 

.6303 

4.716 

30. 

2.500 

4.909 

36.72 

7* 

.1875 

.0176 

.2066 

U. 

.9167 

.6600 

4.937 

31. 

2.583 

5.241 

39.21 

.2083 

.0341 

.2550 

§ 

.9375 

.6903 

6.164 

32. 

2.667 

5586 

41.78 

5* 

.2*292 

.0412 

.3085 

.9583 

.7213 

6.S96 

33. 

2.760 

5.940 

44.43 

a. 

.2500 

.0491 

.3672 

% 

.9792 

.7530 

5.633 

34. 

2.833 

6.305 

47.13 

i^ 

.2708 

.0576 

.4309 

12. 

lFoot. 

.7864 

5.875 

35. 

2.917 

6.681 

49.98 

.2917 

.0668 

•4096 

\£  1.04-2 

.8522 

6.376 

36. 

3000 

7.069 

52.88 

z* 

.8125 

.0767 

.5738 

18.     11.083 

.9218 

6.896 

37. 

8.088 

7.467 

55.86 

4. 

.3338 

.0873 

.6628 

U  1.125 

.9940 

7.436 

38. 

3.167 

7.876 

58.92 

g 

.3542 

.0985 

.7369 

14.    11.167 

1.069 

7.997 

39. 

3.250 

8.296 

62.06 

.37-iO 

.1104 

.8263 

U1.208 

1.147 

8.578 

40. 

8^33 

8.727 

65,28 

7A 

.3958 

.1231 

.9206 

15.    11/260 

1.227 

9.180 

41. 

8.417 

9.168 

63.58 

5. 

.4167' 

.1364 

1.020 

J*  1.292 

1.310 

9.801 

42. 

3.600 

9.621 

71.97 

& 

.4375 

.1508 

1.126 

18.    11.333 

1.396 

10.44 

43. 

3.683 

10.085 

75.44 

.4583 

.1660 

1534 

H 1376 

1.486 

11.11 

44. 

3.667 

10.669 

7S.99 

si 

.4792 

.18JM 

1.349 

17.    11.417 

1.576 

11.79 

45. 

3.750 

11.045 

82.62 

6 

.5000 

.1963 

1.469 

}4  1.468 

1.670 

12.49 

46. 

3.833 

11.541 

86.33 

8 

.5208 

.2181 

1.694 

18.     1.500 

1.767 

13.22    1  47. 

3.917 

12.048 

90.13 

.5417 

.2304 

1.724 

H  1.M2 

1 

1.867 

13.96    148.      4.000 

12.666 

94.00 

1 

Table;  continued,  bnt  with  the  diatns  In  feet. 


Diam. 
Feet. 


74. 

% 
% 

H 


6 


Cub. 

['  u.  s. 

Diam. 

Gnb. 

U.S. 

Dia. 

Cub. 

U.S. 

Dia. 

Cab. 

Feet. 

'  GaBs. 

Feet. 

Feet. 

Galls. 

Feet, 

Feet. 

Galls. 

Feet. 

Feet. 

12^7 

94.0 

7 

88.49 

287.9 

12 

113.1 

846.1 

24 

452.4 

14.19 

106.1 

& 

41.28 

308.8 

18 

132.7 

992.8 

26 

490.9 

15.90 

119.0 
1316 

Za 

44.18 

330.5 

14 

153.9 

1152. 

26 

530.9 

17.72 

% 

47J7 

362.9 

15 

176.7 

1822. 

27 

572.6 

19.64 

146.9 

8 

69,27 

376.0 

16 

201.1 

1504. 

28 

615.8 

21.65 

161.9 

lA 

66.75 

424.5 

17 

227.0 

1698. 

29 

660.5 

28.76 

177.7 

9 

63.62 

476.9 

18 

264.5 

1904. 

80 

706.9 

26.97 

194.8 

X 

70.88 

5305 

19 

283.5 

2121. 

81 

754.8 

28.27 

211J5 

10 

78.64 

587.6 

20 

814.2 

2350. 

32 

804.3 

80.68 

229.5 

M 

86.69 

647.7 

21 

846.4 

2591. 

88 

855.3 

83.18 

24&2 

n 

96*08 

710.9 

22 

880.1 

2844. 

84 

907.9 

35.79 

267.7 

H 

108.90 

777.0 

23 

416.5 

8108. 

85 

962.1 

U.S. 
Galls. 

3884 
8672 
3971 
4283 
4606 
4941 
5288 
£646 
6017 
6398 
6792 
7197 


CONTENTS  AND    LININGS   OF  rfELLS. 


CONTENTS  AND  UNINOS  OF  WEIX8. 

*X  t=IT.»Hoiib  jit  r*)4Ii,r  lb.  II  Inii.n.     Hi,ifn;.|i.(.  ,w„„  Li,,,,,,  ,::- vj.llino    nfial. 

..P.™*.  or 

.mn(for  «b  ta.  »f  , i,j*l  of.  nDit  II  fldM,.  WUI  111  u£  X  I=t.l«.     If  \h,  .„||  |, 
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TTION.  —  Be  careful  to  obier™  that  the  dliam  to  b*  ued.  for  the  digging, 


Tor  eus  foot  of  (topth. 

Tor 
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If  perches  are  named  In  a  • 


it,  ft  la  necenary,  Id  order  to  present  frind' 


OYLINDRIC   UNQULAS,    ETC.  159 

CIBCULAB  CYLHTDaUG   UNGIJI.AJ*. 
I.  Wh™  the  ratting  plane  don  not  cat  tup  baae.     Figs  13, 14. 


Flu.  IS. 

folumPI  =    arcftof  base  og  X'A 
»'         r=f  areaofcrosasecme 
ungnla    )       ( perp  to  eidu,  u  z. 


T  greatest  4  least  perp  heigh  Is,  on,  cm, 
.  <4  turn  of  greatest  and  least  lengths, 

g  m,  o  (,  meuiil  ailing  the  sides, 
half  mm  of  greatest  and  leas!  lengths. 


meaed  along  the  sides. 

r  to  the  sides,  see  Circle*,  pp  1214 
1  aides,  see  The  Ellipse,  pp  149,  Ac. 

II.  Winn  the  catting-  plane  MDSBM  the 


For  a 


w  of  end*  If  required. 
a  of  aeetlona  perpendlcu 
a  or  aeetiona  oblique  to  t 


Volume 

FlgA=.(«oo"-neXare«o(i™6*of  bane)-™-          ^  n 

SSnJa") 
For  area* 

FlgB  =  JSelp«X">n.                                                m"s.dp«i 
FlgC  =  (?fioo«  +  aoX*reaoJmb»ofb»«e)^-        U 

Fig  »  ==  H  area  of  circle  |rnt  X  tan 

—  %  lolume  of  cylinder  x  y  m  n. 
Fig  A  -  too  X  my  -  ae  X  length  of  arc  rfm»!)  ^2, 
FlgB  =  mi(X««"- 
FlgC  — (box  in  *■  +  «■>  X  length  of  arc  dmot)5!5. 

Fig  !>=.  'A  circumference  of  base!  m y  X  <•>" 
-  H  carved  surface  of  cylinder  xy  si «. 

*  For  ares  of  base  (segment  of  circle),  ace  pp  148  to  143. 

t  Fnr  clrcln,  see  pp  123,  etc. 

I  For  length  of  circular  arc,  see  pp  141,  etc. 
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PYRAMIDS  AND  COXES. 


PYRAMIDS  AND  COSES. 


4  5 

A  pyramid,  Fin.  1,  2,  3,  Is  any  solid  which  has,  for  its  base,  a  plane  figure 
of  any  number  of  sides,  and,  fur  its  sides,  plane  triangles  all  terminating  at  one 

Erint  d,  called  its  apex,  or  top.    When  the  base  is  a  regular  figure,  the  pyramid 
regular ;  otherwise  irregular.    For  regular  figures,  see  Polygons,  p.  110. 

A  cone*  Figs.  4  and  5,  is  a  solid,  of  which  the  base  is  a  curved  figure ;  and 
which  may  be  considered  as  made  or  generated  by  a  line,  of  which  one  end  is 
stationary  at  ascertain  point  d,  called  the  apex  or  top,  while  the  line  is  being 
carried  around  the  circumference  of  the  base,  which  may  be  a  circle,  ellipse, 
or  other  curve.  A  cone  may  also  be  regarded  as  a  pyramid  with  an  infinite 
number  of  sides. 

The  axis  of  a  pyramid  or  cone,  is  a  straight  line  d  6  in  Figs.  1,  2, 4 ;  and  d  i  in 
Figs.  8  and  5,  from  the  apex  d,  to  the  center  of  gravity  of  the  base.  When  the 
axis  is  perpendicular  to  the  base,  as  in  Figs.  1, 2, 4,  the  solid  is  said  to  be  a  right 
one ;  when  otherwise,  as  Figs  3.  5,  an  oblique  one.  When  the  word  cone  is  used 
alone,  the  right  circular  cone,  Fig.  4,  is  "understood.  If  such  a  cone  be  cut,  as  at 
1 1,  obliquely  to  its  base,  the  new  base  1 1  will  be  an  ellipse ;  and  the  cone  dtt 
becomes  an  oblique  elliptic  one.  Fig.  5  will  represent  either  an  oblique  circular 
coue,  or  an  oblique  elliptic  one,  according  as  its  base  is  a  circle  or  an  ellipse. 

Volume  of  pyramid  or  cone,  regular  or  irregular,  right  or  oblique. 

Volume  —  %  area  of  base  X  perpendicular  height  d  o,  Figs.  1  to  5. 

—  %  volume  of  prism  or  cylinder  having  same  area  of  base  and 
same  perpendicular  height. 

~*  %  volume  of  hemisphere  of  same  base  and  same  height.  * 

Or,  a  cone,  hemisphere  and  cylinder,  of  the  same  base  and  same  height,  have 
volumes  as  1,  2  and  3. 

Area  of*  ant  face  of  sides  of  right  regular  pyramid  or  light  circular  cone. 
Area  =-  \£  circumference  of  base  X  slant  height.*' 

In  the  comi.  this  becomes  Add  area  of  base 

area  of  base  x  ^  Mght  if  required, 

radius  of  base 


Area  « 


Fig.  5* 


Area  of  surface  of  oblique  elliptic  cone,  dtt, 

Fig.  6i,  cut  from  a  right  circular  cone,  d$$.  From  the  point 
e  where  the  axis  d  o  of  the  right  circular  cone  cuts  the  elliptic 
base  1 1,  measure  a  perpendicular,  r,  in  any  direction,  to  the 
curved  surface  of  the  cone.  Call  the  area  of  the  elliptic  bass 
it,  "a  ";  and  the  height  dm  measured  perpendicularly  to  said 


II 


baseMh."    Then 

Curved  Surface  — 


ak        8X  volume  of  cone 


Add  area  of  base  If  required, 

0      No  measurement  has  been  devised  for  the  surface  of 
oblique  circular  coue. 


•  In  the  pyramid,  thi*  tlant  height  must  be  measured  along  the  middle  of  one 
of  the  sides,  and  nut  along  one  of  the  edges. 
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To  nnd  the  surface  ot  an  Irregular  pyramid. 

Whether  right  or  oblique,  each  side  must  be  calculated  as  a  sepatate  triangle  (see 
p.  110) ;  and  the  several  areas  added  together.    Add  the  area  of  base  if  required. 


FRUSTUMS  OF  PYRAMIDS  AND  CONES. 


Figr.fi.  Fig.  7. 

'  Frustum  of  pyramid  (Fig.  6)  or  of  eeae  (Fig.  7)  with  base  and  tap 
parallel. 

Volume  (regular  or  irregular,  right  or  oblique) 

i>  v  perpendicular  v   /  area     r     area      i       /    urea    v     area  \ 
™  7a  A.      height  oo      *    \ot  top    •    of  base    *      V    of  top  A  of  base/ 

_  i/  v  Perpendicular  v/iw     .      area      ,     4  *  area  of  a  section  \ 

—  >»  X      height  oo      X  I  of  top  "T*  of  base  +  P"*"01  *°*  and  «Wway  1 

>  between,  base  and  top  / 

—  (for  frustum  of  right  or  oblique  circular  cone  only;  See  Fig.  7) 
H  X  p^S^*r  X  ».H1«  X  (•!•  +  •!•  +  •!.  ••) 

Surface  of  frustum  of  rqpM  regular  pyramid  or  cone,  with  top  and  base  parallel, 
Tigs.  6  and  7. 

v  /circumference    •    circumference  \  v      slant     * 
f  **  V      of  top         .T        of  base      )  *  height  •  ( 

.  Add  areas  of  top  and  base  if  required. 


a  tlM  frustum  of*  a  right  circular  cone,  this  becomes 

\of  top  ~  of  base,/   A  height  tt 
{it  —  8.1416)  ,  Add  areas  of  top  and  base  if  required. 


of  irregular  or  oblique  pyramid  or  cone*    Surface  — 
sum  of  surfaces  of  sid  s,  each  of  which  must  be  treated  as  a  trapezoid.    Bee  p.  120. 

*  In  the  frustum  of  the  pyramid  (Fig  6),  this  slant  height  must  be  measured  along 
the  middle  of  one  of  the  sides  (as  at  t$),  and  not  along  one  of  the  edges. 
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PMSMOIDS. 


PBISHOIOI. 


Fig.l. 


Tig.  2. 


A  prlsmoftd  is  sometimes  denned  m  ft  solid  having  for  its  ends  two  parallel 

plaue  figures,  oonnected  by  other  plane  figures  on  which,  and  through  every  point 
of  which-  a  straight  line  may  be  drawn  from  one  of  the  two  parallel  ends  to  the 
other.  These  connecting  planes  may  be  parallelograms  or  not,  and  parallel  to  each 
other  or  not 

This  definition  would  Include  the  cube  and  all  other  parallelopipeds; 
the  prism;  the  cylinder  (considered  as  a  prism  having  an  infinite  number  of  sides); 
the  pyramid  and  cone  (in  which  one  of  the  two  parallel  ends,  ie  the  one  forming  the 
apex,  is  considered  to  be  infinitely  small),  and  their  frustums  with  top  and  base 
parallel ;  and  the  wedge. 

But  the  use  of  the  term  prlemold  is  frequently  restricted  to  six-sided  solids, 
in  which  the  two  parallel  ends  are  unequal  quadrangles;  and  the  connecting  planes, 
trapezoids ;  as  in  Figs.  1  and  2 ;  and,  by  some  writers,  to  cases  where  the  parallel 
quadrangular  ends  are  rectangles. 

The  following  •'prlsoaoidal  formula,"  applies  to  all  the  foregoing  solids, 
and  to  others,  as  noted  below. 

Let  A  —  the  area  of  one  of  the  two  parallel  ends 

a  —    "         **      the  other  of  the  two  parallel  ends. 
M  — .    «         "a  cross  section  midway  between,  and  parallel  to,  the  two 

parallel  ends. 
L  ■=■  the  perpendicular  distance  between  the  two  parallel  ends. 


Then 
Volume  -  L  X 


A  +  a  +  4M 


■IX  mean  area  of  cross  section. 


The  following  six  figures  represent  a  few  of  the  irregular  solids  which  fell  tinder  the 
above  broad  definition  of  "  prismoid,"  and  to  which  the  prismoidal  formula  applies. 
They  may  be  regarded  as  one-chain  lengths  of  railroad  cuttinss ;  a  o  being  the  length, 
or  perpendicular  (horizontal)  distance  between  the  two  parallel  (vertical)  ends. 


WEDGES. 
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The  prUmotdal  Ibraivla  applies  also  to  the  sphere,  hemisphere,  and 
other  spherical  segments;  also  to  any  sections  such  aaaocd,  and  ouidbc,  of  the 


cone,  in  which  the  sides  ad,  ac,  or  od\  ic,  are  straight;  as  they  are  only  when  the 
cutting  plane  ad  crosses  through  the  apex  or  top  a.  Also  to  the  cylinder 
when  a  plane  parallel  to  the  ride*  passes  through  both  ends  J  but  not  if  the  plane 
vi  is  oblique,  as  in  the  fig.,  though  never  erring  more  than  1  in  142.  In  this  last 
ease  we  must  imagine  the  plane  to  be  extended  until  it  cuts  the  side  of  the  cylinder 
likewise  extended;  and  then  by  page  159  find  the  solidity  of  the  ungulathus  formed. 
Then  find  the  solidity  of  the  small  uugula  above  to,  also  thus  foimed,  and  subtract 
it  from  the  large  one. 

Ttiis  very  extended  applicability  of  the  prismoidal  formula  was  first  discovered, 
and  made  known,  by  Ellwood  Morris,  C.  E.,  of  Philadelphia,  in  1840. 


i  m    n  m 

pig.  a       Fig.  9. 


n  m   n 
Fig.  10. 


Fig.  11. 


m 


A  wedge 

Is  usually  defined  to  be  a  solid,  Figs.  8  and  9,  generated  by  a  plane  triangle,  one, 
moving  parallel  to  itself,  in  a  straight  line.  This  definition  requires  that  the  two 
triangular  ends  of  the  wedge  should  be  parallel ;  but  a  wedge  may  be  shaped  as  in 
Fig.  10  or  11.  We  would  therefore  propose  the  following  definition,  whioh  embraces 
all  the  figs.;  besides  various  modifications  of  them.  A  solid  of  five  plane  faces ;  one 
of  which  is  a  parallelogram  abed,  two  opposite  sides  of  which,  as  a e  and  b d,  are 
united  by  means  of  two  triangular  faces -a  en,  and  bdm,  to  an  edge  or  line  «  m, 
parallel  to  the  other  opposite  sides  ab  and  ed.  The  parallelogram  abed  may  bo 
either  rectangular,  or  not ;  the  two  triangular  faces  may  be  similar,  or  not ;  and  the 
same  with  regard  to  the  other  two  meet.    The  following  rule  applies  equally  to  all : 


Sam  of  lengths 


width  of 


MS-*  x  .fftiflli  x  W^f  *  JSMSAfc 
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SPHERES   OR  GLOBES. 

'    '       A  sphere    "•"'• 

Is  a  solid  generated  by  the  revolution  of  a  semicircle  around  its  diameter.  Every 
point  iu  the  surface  of  a  sphere  is  equidistant  from  a  certain  point  called  the  center. 
Any  line  passing  entirely  through  a  sphere,  and  through  its  center,  is  called  its  axi*. 
or  diameter.  Any  circle  described  on  tt  e  surface  of  a  sphere,  from  the  center  o/ 
the  sphere  as  the  center  of  the  circle,  is  called  a  great  circle  of  that  sphere ;  in  other 
words  any. entire  circumference  of  a  sphere  is  a  great  circle.  A  sphere  has  a  greater 
content  or  solidity  than  any  other  solid  with  the  fame  amount  of  surface;  so  that  if 
the  shape  of  a  splier*  be  any  way  changed,  its  content  will  be  reduced.  The  inter- 
hection  of  a  sphere  with  any  plane  is  a  circle. 

Volume  of  sphere* 

—  }  tt  radius'  ->    4.1888   radius' 

—  %  it  diameter*  —    0.5236   diameter* 

,  j.  circumference  •  _  M  -^  _* «.  • 

—  J£ *— —    0.01 689"  circumference* 

—  %  diameter  X  area  of  surface 

—  %  diameter  X  area  of  great  circle 

—  %  volume  of  circumscribing  cylinder 

—  0.5236  volume  of  circumscribing  cube. 

Area  of  surface  of  sphere* 

—  4  7T  radius*  —    12.6664  radius* 

—  tt  diameter*  —     8.1416  diameter* 

...  _E°J? — ? _     0.3183  circumference* 

—  diameter  X  circumference 

—  4  X  area  of  great  circle 

—  area  of  circle  whose  diameter  is  equal  to  twice  diameter  of  sphere. 

—  curved  surface  of  tircumscribing  cylinder 
6  X  volume 

diameter. 

Radius  of  sphere 

=  •    /  j  22555!  „  0.6»as    *y/13SS; 


V 


ir 


V 


Area  of  surface : — . — -»-u 

,  =    */.  07968  x  sreaof  stbrnee 

*  it 


CtxeuinJeresee.  of  sphere  (see  alio  rales  for  circles,  p.  128.) 
s=a   *\/6  ff*  ▼plume  =c  S\/59.21T8  volume 

=   s/n  *>rea  of  surface  ss   ^/S.1410  area  of  surface 

,_r   area  of  surface 
*"~        diameter. 

*  For  tablet  of  surface*  and  solidities  (volumes)  of  .^.w. ^,  ... 

pp.  163  to  165.  If  the  diameter  is  measured  in  Inches,  divide  the » urfheee  in  the  table 
by  144.  if  it  is  required  to  reduce  them  to  square  foot;  ami  divide  the  solidities  by 
1728,  if  required  in  etibio  feet 


MENSURATION. 
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MENSURATION, 
ft  P  H  E  B  B  8 — (Cumin 


I  i  1 
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SEGMENTS,  ETC.,   OF  SPHERIC 


To  find  the  solidity  of  a  spherical  segment. 


Rule  1 .  Bqnare  the  rad  o  n,  of  its  base ;  mult  thin  square  by  3 ;  to 
the  prod  add  the  Bqnare  of  Its  heipbt  o  a ;  molt  the  sum  by  the* height 
o  « ;  and  mult  this  last  prod  by  .6236. 

Bulb  2.  Molt  the  diam  a'b  of  the  tphert  by  8 ;  from  the  prod 
(ake  twice  the  height  o  *  of  the  segment ;  mult  the  rem  by  the  square 
of  the  height  o  * ;  and  mult  this  prod  by  .5236. 

The  solidity  of  a  sphere  being  *f  ds  that  of  its  circumscribing  cylin- 
der, if  we  add  to  any  solidity  in  the  table,  its  half,  we  obtain  that 
of  a  cylinder  of  the  same  diam  as  the  sphere,  and  whose  height 
equals  its  diam. 


To  And  the  curved  surface  of  a  spherical  segment. 

Hole  1.  Mult  the  diam  a  6  of  the  sphere  from  which  the  segment  is  oat,  by  3.1416; 
malt  the  prod  by  the  height  o  *  of  the  seg.  Add  area  of  base  if  reqd.  Rem.  Having  the  diam  n  r 
of  the  seg,  and  its  height  o  *,  the  diam  a  b  of  the  sphere  may  be  found  thus :  Dir  the  square  of  half 
the  diam  n  r,  by  its  height  o  s ;  to  the  quot  add  the  height  o  ».  Rocs  2.  The  curved  surf  of  either 
a  segment,  last  Fig,  or  of  a  sone,  (next  Fig,)  bears  the  same  proportion  to  the  surf  of  the  whole 
sphere,  that  the  height  of  the  seg  or  tone  bears  to  tbe  diam  of  the  sphere.  Therefore,  first  lino!  the 
surf  of  tbe  whole  sphere,  either  by  rule  or  from  the  preceding  table ;  molt  it  by  the  height  or  the  seg 
or  sone;  div  the  prod  by  diam  of  sphere.    Rule  3.  Mult  the  circumf  of  the  sphere  by  the  height  •  * 

of  the  seg. 

To  And  the  solidity  of  a  spherical  sone. 

Add  together  the  square  of  the  rad  e  d»  the  square  of  rad  o  ft, 
and  K<1  of  the  square  of  the  pern  height  eo;  mult  tho  cam  by 
1.5706;  and  mult  this  prod  by  the  height  eo. 

To  find  the  carved  surface  of  a  spher- 
ical sone. 

Rule  1.  Mult  together  the  diam  m  n  of  the  sphere ;  the  height 
«  o  of  tbe  zone,  and  the  number  3.1416.  Or  see  preoedlng  Role  2 
for  nurf  of  segments.  Rule  2.  Molt  the  eireumf  of  the  sphere,  by 
the  height  of  tbe  zone. 

To  find  the  solidity  of  a  hollow  spher- 
ical shell. 

Take  from  the  foregoing  table  the  solidities  of  two  spheres  having 
the  diams  a  6,  and  c  tf.    Subtract  the  least  from  the  greatest. 
a  e  or  b  &  is  the  thickness  of  the  shelL 


THE  ELLIPSOID,  OR  SPHEROIp, 

Is  a  solid  generated  by  the  revolution  of  an  ellipse  around  either  its  long  or  its  short  diam.     

around  the  long  (or  transverse) diam,  as  at  a.  Fig  1,  it  is  an  oblong-  or  pro- 
late spheroid ;  when  around  the  short  (or  conjugate)  one,  as  at  m,  in  Fig  % 
it  is  oblate. 


Fig.l. 


Fig-.  2. 


For  the  solidity  in  either  case,  mult  the  fixed  diam  or  axis  by  the  square 
of  the  revolving  one ;  and  malt  the  prod  by  .5236. 
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THE  PARABOLOID,  OB  PARABOLIC  CONOID, 
For  ItaaalMtty  mult  the  mm  of  iu  hue,  b»  hilf  fta  height,  re    Or  mult 

IVOBIkiquilltlltilliril  Ikihui;  lis  bel,b!  .  r :  »nj  Uis  nunlwr  1JHM. 

For  til*  oolldl  ty  of  M  frinalnin, 

■  If  1.  Ike  oil  .J  »nm  in  parr  u  Wuliri;  JJBplMrUi 

To  Sod  Ike  anrlkw  of  ■  pmboloM, 


of  which  ring  is  made 
_       __  cl  renin  ference  of  b»r  „  i  Bum  of  inner  and  outer  „  a hihu 

HnrAtee  -  <,f  which  ring  l>  made  x     dl»>newr.,a«Midfci     X  8.M1BM. 


168  LAND  SURVEYING. 

LAND  SURVEYING. 


In  surveying  a  tract  of  ground,  the  sides  which  compose  its  outline  are  desig- 
nated by  numbers  in  the  order  in  which  they  occur.  That  end  of  each  side  which 
first  presents  itself  in  the  course  of  the  survey,  may  be  called  its  near  end ;  and  the 
other  it? /a  vend.  The  number  of  each  side  is  placed  at  its  farend.  Thus,  in  Fig.  1, 
the  survey  being  supposed  to  commence  at  the  corner  6,  and  to  follow  the  direc- 
tion of  the  arrows,  the  first  side  is  6, 1 ;  and  its  number  is  placed  at  its  far  end  at  1 ; 
and  so  of  the  rest.  Let  NS  be  a  meridian  line,  thai-  is,  a  north  and  south  line; 
and  E  W  an  east  and  west  line.    Then  in  any.  side  which  runs  northwardly, 


6  Hffl. 

whether  northeast,  as  side  2;  or  northwest,  as  sides  5  and  1 ;  or  due  north;  the 
distance  in  a  due  north  direction  between  its  near  end  and  ita  far  end,  is  called 
its  northing;  thus,  a  1  is  the  northing  of  side  1;  16  the  northing  of  side  2;  4  c 
of  side  6.  In  like  manner,  if  any  side  runs  in  a  southwardly  direction,  whether 
southeastwardly,  as  side  3;  or  south westwardly,  as  sides  4  and  6;  or  due  south ; 
the  corresponding  distance  in  a  due  south  direction  between  its  near  end  and  its 
far  end,  is  called  its  southing;  thus,  dS  is  the  southing  of  side  3;  3e  of  side  4; 
f  6  of  side  6.  Both  northings  and  southings  are  included  in  the  general  term 
Difference  of  Latitude  of  a  side ;  or,  more  commonly  but  erroneously,  its  latitude. 
The  distance  due  east, or  due  west,  between  the  near  and  the  far  end  of  any  side, 
is  in  like  manner  called  the  easting,  or  westing,  of  that  aide,  as  the  case  may  be; 
thus,  6  a  is  the  westing  of  side  1 ;  5/  of  side  6;  c5  of  side  5;  «4of  side  4;  and 
b  2  is  the  easting  of  side  2 ;  2d  of  side  3.  Both  eastings  and  westings  are  included 
in  the  general  term  Departure  of  aside;  implying  thxt  the  side  depart*  so  far 
from  a  north  or  south  direction.  We  may  say  that  a  side  norths,  wests,  southeast*, 
Ac.  We  shall  call  the  northings,  southings,  dec.  the  Ns,  Ss,  Es,  and  Ws;  the  lati- 
tudes, lats;  and  the  departures,  deps. 

Perfect  accuracy  is  unattainable  in  any  operation  involving  the  measure- 
ments of  angles  and  distances.*  That  work  is  accurate  enough,  which  cannot 
be  made  more  so  without  an  expenditure  more  than  commensurate  with  the 
object  to  be  gained.  There  is  no  great  difficulty  in  confining  the  uncertainty 
within  about  one-half  p»r  cent,  of  the  content,  and  this  probably  never  pre- 
vents a  transfer  in  farm  transactions.  But  errors  always  become  apparent  when 
we  come  to  work  out  the  field  notes;  and  since  the  map  or  plot  of  the  survey,  and 
the  calculations  for  ascertaining  rhe  content,  should  be  consistent  within  them- 
selves, we  do  what  is  usually  called  correcting  the  errors,  but  what  in  fact  is  simply 
humoring  them  in,  no  matter  how  scientific  the  process  may  appear.  We  distrib- 
ute them  ail  around  the  survey.  Two  methods  are  used  for  this  purpose,  both 
based  upon  precisely  the  same  principle ;  one  by  means  of  drawing;  the  other, 
more  exact  but  much  more  troublesome,  by  calculation.  The  graphic  method,  in 
the  hands  of  a  correct  draftsman,  is  sufficiently  exact  for  all  ordinary  purposes. 
Add  all  the  sides  in  feet  together;  and  divide  the  sum  by  their  number,  for  the 
average  length.  Divide  this  average  by  8;  the  quotient  will  be  the  proper  scale 
in  feet  per  inch.  In  other  words,  take  about  8  ins.  to  represent  an  average  aide. 
We  shall  take  it  for  granted  that  an  engineer  does  not  consider  it  accurate  work  to 

•  A  100  ft.  chain  may  vary  Its  length  5  feet  per  mile,  between  winter  and  nimaer,  by  mere 
change  of  temperature ;  and  "this  alone  will  make  a  difference  of  about  1  acre  in  583.  The  un- 
dent should  practise  plotting  from  perfectly  accurate  data ;  as  from  the  example  In  table,  p.  ITS,  or 
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well 


jre  hit  angles  to  the  nearest  quarter  of  a  degree,  wbieh  Is  the  osaal  practioe  among  land-survey 

They  can,  dj  means  of  tbe  engineer's  transit,  now  in  universal  use  ou  our  public  works,  be  readily 
measured  within  a  minute  or  two ;  and  being  thus  much  more  accurate  than  the  compass  courses, 
(which  cannot  be  read  off  so  closely,  and  which  are  moreover  subject  to  many  sources  of  error,)  they 
serve  to  comet  the  latter  in  the  office.  The  noting  of  tbe  courses,  however,  should  not  be  oonBned  te 
the  nearest  quarters  of  a  degree,  but  should  be  read  as  closely  as  the  observer  can  guess  at  the  minutes. 
The  back  courses  also  should  be  taken  at  every  corner,  as  an  additional  eheok,  and  for  tbe  detection 
of  local  attraction.    It  is 

in  taking  the  com- 

bearings,  to  adopt 
as  a  rale,  always  to  point 
the  north  of  the  compass- 
box  toward  the  object 
whose  bearing  is  to  be 
taken,  and  to  read  off 
from  tbe  north  end  of  tbe 
needle.  A  person  who 
oses  indifferently  tbe  N 
and  the  S  of  tbe  box,  and 
of  the  needle,  will  be  very 
liable  to  make  mistakes. 
It  Is  best  to  measure  the 
teas*  angle  (shown  by 
dotted  arcs,  Fig  2,)  at  the 
corners;  whether,  it  be 
exterior,  aa  that  at  corner 
S;  or  interior,  as  all  the 
others;  because  it  is  al- 
ways less  than  180°;  so 
that  there  is  less  danger 
of  reading  it  off  incor- 
rectly, than  if  it  exceeded 
180°;  taking  it  for  grant- 
ed  that  the  transit  instrument  is  graduated  from  the  same  sero  to  180°  each  way ;  if  it  U  graduated 
from  sero  to  360°  the  precaution  is  useless.  When  tbe  small  angle  is  exterior,  subtract  it  from  800° 
for  tbe  interior  one. 

Supposing  the  field  work  to  be  finished,  and  that  we  require  a  plot  from  which  the  contents  may 
be  obtained  mechanically,  by  dividing  it  into  triangles,  (the  bases  and  heights  of  whioh  may  "be 
measured  by  scale,  and  their  areas  calculated  one  by  one,)  a  protraction  of  it  may  be  made  at  once 
from  the  field  notes,  either  by  using  the  angle*,  or  by  first  correcting  the  bearing*  by  means  of  the 
angles,  and  then  using  them.  The  last  is  the  best,  because  in  the  first  the  protractor  must  be  moved 
to  each  angle ;  whereas  in  the  last  it  will  remain  stationary  while  all  the  bearings  are  being  pricked 
off.  Every  movement  of  it  inoreases  the  liability  to  errors.  The  manner  of  correcting  the  hearings 
Is  explained  on  the  next  pago. 

In  either  case  the  protracted  plot  will  certainly  not  close  precisely ;  not  only  in  consequence  of  errors  In 
the  field  work,  but  also  in  the  protracting  itself.  Thus  the  last  side,  No  6,  Fig  2,  instead  of  closing  in  at 
corner  6,  will  end  somewhere  else,  sayt  for  instance,  at  t ;  the  dist  t 6  being  the  closing  error,  which, 
however,  as  represented  in  Fig  2,  is  more  than  ten  times  as  great,  proportionally  to  the  sise  of  the 
survey,  aa  would  be  allowable  in  practice.  Now  to  humor-in  this  error,  rule  through  every  oorner 
a  short  line  parallel  to  f  6;  and,  In  all  cases,  in  the  direction  from  t  (wherever  It  may  be)  to  the 
starting  point  6.  Add  all  the  sides  together ;  and  measure  1 6  by  tbe  scale  of  the  plot.  Then  begin- 
ning at  oorner  1,  at  the  far  end  of  side  1,  say,  as  the 

8am  of  all       ,       Total  closing       .  .  filltA ,  .  Error 

the  sides    -    •  error*  6  ••  BWel  •        for  side  1. 


Fig.  2. 


Lay  off  this  error  from  1  to  a. 
Sum  of  all        . 
tbe  aides        • 


Then  at  oorner  2,  say,  as  tbe 

Total  closing       . .  Sum  of  .  Error 

error  t «  •  •      tides  1  and  2        •        for  side  2. 


Which  error  lay  off  from  2  to  6 ;  and  so  at  each  or  the  oorners ;  always  using,  as  the  third  term,  the 
sum  of  the  aides  between  the  starting  point  and  the  given  oorner.    Finally,  join  the  points  a,  ft,  e,~ 
4,  *,  6 ;  and  tbe  plot  is  finished.  * 

The  correction  has  evidently  changed  the  length  of  every  side;  lengthening  some  and  shortening 
others.  It  has  also  changed  the  angles.  The  new  lengths  and  angles  may  with  tolerable  accuracy 
be  (band  by  means  of  the  scale  and  protractor ;  and  be  marked  on  the  plot  instead  of  the  old  ones. 

from  those  to  be  found  in  books  on  snrvering.  This  is  tbe  only  way  In  which  beoan  learn  what  is 
meant  by  accurate  work.  His  semicircular' protractor  should  be  about  9  to  12  ins  in  diam  and  gradu- 
ated to  10  min.  His  straight  edge  and  triangle  should  be  of  metal ;  we  prefer  German  silver,  which 
does  not  rust  aa  steel  does ;  and  they  should  be  made  with  tcrupuloua  accuracy  by  a  skilful  instru- 
ment-maker. A  very  fine  needle,  with  a  sealing-wax  head,  should  be  used  for  pricking  off  dists  and 
angles;  it  most  be  held  vertically ;  and  the  eye  of  the  draftsman  must  be  directly  over  it.  The  lead 
pendl  should- be  hard  (Faber's  No.  4  is  good  for  protracting),  and  must  be  kept  to  a  sharp  point  by 
robbing  on  a  fine  file,  after  using  a  knife  for  removing  the  wood.  The  scale  should  be  at  least  as  long 
as  the  longest  side  of  the  plot,  and  should  be  made  at  the  edge  of  a  strip  of  the  same  paper  as  tbe  plot 
is  drawn  on.  This  will  obviate  to  a  considerable  extent,  errors  arising  from  contraction  and  expan- 
sion. Unfortunately,  a  sheet  of  paper  does  not  contract  and  expand  in  the  same  proportion  length- 
wise and  crosswise,  thus  preventing  the  paper  scale  from  being  a  perfect  corrective.  In  plots  of  corn- 
tea  farm  surveys,  Ac,  however,  the  errors  from  this  source  may  be  neglected.  For  such  plots  as  may 
*  protracted,  divided,  and  computed  within  a  time  too  short  to  admit  of  appreciable  change,  theordi- 
lary  scales  of  wood,  Ivory  or  metal  amy  be  used ;  but  satisfactory  accuracy  cannot  be  obtained  with 
'hem  on  plots  requiring  several  days,  if  the  air  be  meanwhile  alternately  moist  and  dry,  or  subject  to 
considerable  variations  In  temperature.  What  is  called  parchment  paper  is  worse  in  this  respect  than 
good  ordinarv  drawing-paper. 

With  the  fbregoing.precsatlons  we  may  work  from  a  drawing,  with  as  mnoh  accuracy  is  Is  usually 
attained  la  tbe  field  work. 
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When  the  plot  dm  many  rides,  this  calculating  the  error  for  each  of  them  beoomee  to&ooa;  umi 
atnoe,  In  a  well-perrormedsorvey  and  protraction,  the  entire  error  will  be  but  a  very  small  quantity, 
[it  should  not  exceed  about  -r^je  part  of  the  periphery,)  it  may  usually  be  divided  among  the  sides  by 
merely  plaolng  about  X,  %,  and  H  of  it  at  oorners  about  J4,  X,  and  H  way  around  the  plot;  and  al 

n  t  /»     Intermediate  oorners  proper* 

'  2  ■  — 

l\  ■  1  I    1 1 Jft 


tion  it  by  eye.  Or  calculation 
may  be  avoided  entirely  by 
drawing  a  line  a  b  of  a  length 
equal  to  th«  united  lengths 
or  all  the  sides ;  dividing  it 
Into  distances  a,  I ;  1,  2 :  so,  equal  to  the  respective  sides.  Make  b  e  equal  to  the  entire  closing  error ; 
join  a  c ;  and  draw  1,  1" ;  3,  ¥ ,  4c,  which  will  give  the  error  ateaoh  corner. 

When  the  plot  is  Jthns  oompleted,  it  may  be  divided  by  fine  pencil  lines  into  triangles,  whose 
bases  and  heights  may  be  measured  by  the  scale,  in  order  to  compute  the  contents.  With  care  in 
both  the  survey  and  the  drawing,  the  error  should  not  exceed  about  _Jff  part  of  the  true  area.  At 
least  two  distinct  sets  of  triangles  should  be  drawn  and  computed,  as  a  guard  against  mistakes ;  and  if 
the  two  sets  differ  in  calculated  oontents  more  than  about  tj-^  part,  they  have  not  been  as  carefully 

prepared  as  they  should  have  been.  The  dosing  error  due  to  imperfect  Held- work,  may  be  aoenrately 
calculated,  as  we  shall  show,  and  laid  down  on  the  paper  before  beginning  the  plot ;  thus  furnishing 
a  perfect  test  of  the  accuracy  of  the  protraction  work,  which,  if  correctly  done,  will  not  close  at  the 
point  of  beginning,  but  at  the  point  which  indicates  the  error.  But  this  calculation  of  the  error,  by 
a  little  additional  trouble,  furnishes  data  also  for  dividing  it  by  calculation  among  the  diff  sides  ; 
besides  the  means  of  drawing  the  plot  correctly  at  onoe.  without  the  use  of  a  protractor  ;  thns  ena- 
bling ns  to  make  the  subsequent  measurements  and  computations  of  the  triangles  with  more  cer- 
tainty. 

We  shall  now  describe  this  process,  but  would  recommend  that  even  when  it  is  employed,  and 
especially  in  complicated  surveys,  a  rough  plot  should  first  be  made  and  corrected,  by  the  first  of  the 
two  tuechanioal  methods  already  alluded  to.  It  will  prove  to  be  of  great  service  in  using  the  method 
by  calculation,  Inasmuch  as  it  furnishes  an  eye  check  to  vexatious  mistakes  which  are  otherwise  apt 
to  ooour :  for,  although  the  principles  Involved  are  extremely  simple,  and  easily  remembered  when 
onoe  understood,  yet  the  continual  ohanges  in  the  directions  of  the  sides  will,  without  great  ears, 
cause  us  to  use  Ns  instead  of  Ss ;  Es  instead  of  Ws,  Ac. 

>  We  suppose,  then,  that  such  a  rough  plot  has  been  prepared,  and  that  the  angles,  bearings,  and 
distances,  as  taken  from  the  field  book,  are  figured  upon  It  in  lead  pencil. 

Add  together  the  interior  angles  formed  at  all  the  oorners  :  call  their  sum  a.  Mult  the  number  e* 
sides  by  180°;  from  the  prod  subtract  360°  :  if  the  remainder  is  equal  to  the  sum  a,  it  is  a  proof  that 
the  angles  have  been  correctly  measured.*  This,  however,  will  rarely  if  ever  occur ;  there  will 
always  be  some  discrepancy  ;  but  if  the  field  work  has  been  performed  with  moderate  care,  this  will 
not  exceed  about  two  min  for  each  angle.  In  this  case  div  it  in  equal  parte  among  all  the  angles, 
adding  or  subtracting,  as  the  case  may  be,  unless  It  amounts  to  less  than  a  min  to  each  angle,  when 
it  may  be  entirely  disregarded  in  common  farm  surveys.  The  corrected  angles  may  then  be  marked 
on  the  plot  In  Ink,  and  the  pencilled  figures  erased.  We  will  suppose  the  corrected  ones  to  be  ss 
shown  in  Fig  3. 

Next,  by  means  of  these 
corrected  angles,  correct  the 
bearings  also,  thns,  Fig  3; 
Select  some  side  (the  longer 
the  better)  from  the  two  ends 
of  whioh  the  bearing  and  the 
reverse  bearing  agreed ;  thns 
showing  that  that  bearing 
was  probabry  not  influenced 
by  local  attraction.  Let  «ido 
2  be  the  one  so  selected ;  as- 
sume its  bearing,  N  76° ST  n\ 
as  taken  on  the  ground,  to  he 
correct ;  through  cither  end 
of  it,  as  at  iu  far  end  X,  draw 
the  short  meridian  line;  par- 
allel to  which  draw  others 
through  every  corner.  Now. 
having  the  bearing  of  saw  «, 
N  76°  32  E,  and  repairing 
that  of  side  8,  It  is  plain  that 
the  reverse  bearing  from  ear- 
ner 3  is  S  75°  S3'  W ;  and 
that  therefore  the  angle  1.  X, 
m,  Is  75°  ST.  Therefore,  if  we 
take  75°  33'  from  the  entire 
corrected  angle  1, 3,  S,  or  144° 
67',  the  rem  «r>  35'  win  bt 
the  angle  m  33 ;  consequently 
the  bearing  of  aide  Saw**  be 


w*.a 


869° 
■Me  8, 

the  angle  — -. , _.   , .  _ 

consequently  the  bearing  of  side  4  mutt  be  8  41°  8'  W.  For  the  bearing  of  side  6  we  now  have  the 
angle  34  c=41°  3',  whioh  token  from  the  corrected  angle  844,  or  130°  43%  leaves  the  angle  c  45=-7t° 
40' ;  consequently  the  bearing  of  side  5  must  be  N  7»°  40'  W.  at  corner  5,  for  the  bearing  of  aide  a, 
we  have  the  angle  45  d  =  79°  40',  which  taken  from  133°  10',  leaves  the  angle  d  66  =  53°  80' :  eonse- 
quooUy  the  bearing  of  side  6  awl  be  8  63°  30'  W.    And  so  with  each. of  the  aide*,  nothing  bat 


.  *  Beeaufte  in  every  straight-lined  figure  the  snm  of  all  lti  Interior 
right  angles  as  the  figure  has  sides,  minus  4  right  angles,  or  360°.. 


4a  equal  to  twice  aa 
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careful  observation  U  necessary  to  see  how  the  several  angles  are  to  be  employed  at  each  eorner. 
Rules  are  sometimes  givea  for  this  purpose,  but  unless  frequently  used,  thej  are  soon  forgotten. 
The  plot  mechanically  prepared  obviates  the  necessity  for  such  rules,  inasmuch  as  the  principle  of 
proceeding  thereby  becomes  merely  a  matter  of  sight,  and  tends  greatly  to  prevent  error  from  using 
the  wrong  bearings ;  while  the  protractor  will  at  once  detect  any  serious  mistakes  as  to  the  angles, 
and  thus  prevent  their  being  carried  farther  along.  After  having  obtained  all  the  corrected  bearings, 
they  may  be  figured  on  the  plot  instead  or  those  taken  in  the  field.  They  will,  however,  require  a 
still  further  correction  after  a  while,  since  they  will  be  affected  by  the  adjustment  of  the  closing  error. 
We  now  proceed  to  calculate  the  closing  error  1 6  of  Fig  2,  which  is  done  on  the  principle  that  in  a 
correct  survey  the  northings  will  be  equal  to  the  southings,  and  the  eastings  to  the  westings.  Pre- 
pare a  table  of  7  columns,  as  below,  and  in  the  first  Scots  place  the  numbers  of  the  sides,  and  their  cor- 
rected courses ;  also  the  dists  or  lengths  of  the  sides,  as  measured  on  the  rough  plot,  ifsuchaone 
has-been  prepared ;  but  if  not,  then  as  measured  on  the  ground.    Let  them  be  as  follows : 


Side. 

Bearing. 

Dist.  Ft 

Latitudes. 

Departures. 

n; 

S. 

E. 

i 

W. 

1 
2 
8 

4 
6 

« 

N16°40/W 
•  N  75°  32*  £ 
8  69°  25' B 
S  41°    8'  W 
N  79°  4W  W 
8  63°  3CW 

1060 

1202 

1110 

850 

802 

705 

1015.5 
300.3 

143.9 

390.2 
641. 

419.3 

1163.9 
1039.2 

304. 

558.2 

789. 
566.7 

1459.7 
1450.5 

1450.5 

Error  in 
Lat. 

2203.1 

Error  in 
Dep. 

2217.9 
2203.1 

9.2 

14.8 

How  And  the  K,  8,  E,  W,  of  the  several  sides,  and  place  them  in  the  corresponding  four  ooluntns, 
thus :  By  means  of  the  Traverse  Table  find  out  the  lat  and  dep  for  the  angle  of  each  course.  Mult  each 
of  them  by  the  length  of  the  side ;  and  place  the  prod  in  the  corresponding  col  of  N,  S,  E,  W.  Thus, 
for  side  1,  which  is  1060  feet  long,  the  latitude  from  the  traverse  table  for  16°  W  is  .9580;  and  the 
departure  is  .2808:  and  .9680  X  1060  =  1015.5  lat;  which,  since  the  side  norths,  we  put  in  the  N 
ooL  Again,  .2868  X  1060  =  304  dep;  which,  since  the  side  wests,  we  put  in  the  W  col.  Proceed 
thus  with  all.  Add  up  the  four  cols ;  find  the  diff  betweeu  the  N  and  S  ools ;  and  also  between 
the  E  and  W  ones.  In  this  instance  we  find  that  the  Ns  are  9.2  feet  greater  than  the  Ss ;  and  that 
the  Ws  are  14.8  ft  greater  than  the  Es;  in  other  words,  there  is  a  closing  error  which  would  cause  a 
correct  protraction  of  our  first  three  ools,  to  terminate  9.2  feet  too  far  north  of  the  starting  point ;  and 
14.8  feet  too  far  west  of  it.  So  that  by  placing  this  error  upon  the  paper  before  beginning  to  protract, 
we  should  have  a  test  for  the  accuracy  of  the  protracting  work ;  but,  as  before  remarked,  a  little  more 
trouble  will  now  enable  us  to  div  the  error  proportionally  among  all  the  Ns.  Ss,  Ks,  and  Ws,  and  thereby 
give  as  data  for  drawtng  the  plot  correctly  at  once,  without  using  a  protractor  at  all. 

To  divide  the  errors,  prepare  a  table  precisely  the  same  as  the  foregoing,  exoept  that  the  hor  spaees 
are  farther  apart ;  and  that  the  addings-up  of  the  old  N,  S,  E,  W  columns  are  omitted.  The  additions 
here  noticed  are  made  subsequently. 

The  new  table  Is  on  the  next  page. 

Remark.  The  bearing:  and  (be  reverse  bearing  from  the  two  ends 
of  a  line  will  not  read  precisely  the  same  angle ;  and  the  difference  varies  with  the 
latitude  and  with  the  length  of  the  line,  but  not  in  the  same  proportion  with  either. 
It  Is,  however,  generally  too  small  to  be  detected  by  the  needle,  being,  according  to 
Oummere,  only  three  quarters  of  a  minute  in  a  line  one  mile  long  in  lat  40°.  In 
higher  lata  it  is  more,  and  in  lower  ones  less.  It  is  caused  by  the  fact  that  meridians 
or  north  and  south  lines  are  not  truly  parallel  to  each  other;  but  would  if  extended 
meet  at  the  poles. 

Henee  the  only  hearing:  Chat  can  be  rnn  in  a  straight  line, 

with  strict  accuracy,  is  a  true  N  and  S  one ;  exoept  on  the  very  equator,  where  alone  a  due  E  and  w 

one  will  also  be  straight.    But  a  trne  curved  £  and  W  line  may  be  found 

anywhere  with  sufficient  accuracy  for  the  surveyor's  purposes  thus.  Having  first  by  means  of  the  N 
star  p  177,  or  otherwise  got  a  true  N  and  S  bearing  at  the  starting  point,  lay  off  from  it  90°,  for  a  true 
E  and  W  bearing  at  that  point.  This  E  and  W  bearing  will  be  tangent  to  the  true  E  and  W  curve. 
Ban  this  tangent  carefully  ;  and  at  intervals  (say  at  the  eud  of  each  mile)  lay  off  from  it  (towards 
the  N  ff  in  N  lat,  or  vioe  versa)  an  offset  whose  length  in  feet  is  equal  to  the  proper  one  from  the 
following  table,  multiplied  by  the  square  of  the  distance  in  milet  from  the  starting  point.  These 
offsets  will  mark  points  in  the  true  K  and  W  curve. 


fto 


10° 


15© 


20° 


Latitude  N  or  H. 

25°    80°    35°    40°    45° 


60° 


650 


603 


66<> 


Offsets  In  ft  one  mile  from  starting:  point. 

MS       .118        .179       .243        .311        .385        .467        .559        .667         .795         .952         1.15         1.43 

Or,  any  offset  in  ft  «  .6666  X  Total  Dist  in  miles*  x  Nat  Tang  of  Lat. 

A  rhnme  line  is  any  one  that  crosses  a  meridian  obliquely,  that  is,  is 
neither  doe  N  and  8,  nor  E  and  W. 
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Side. 

Bearing. 

Dist.  Ft 

Latitudes. 

Departures. 

N. 

S. 

E. 

W. 

1 

N  16°  WW 
N  76°  32*  E 
S  69°  25'  B 
S  41°    3'  W 

N  79°  40>  W 

S63°30'W 

1060 

1202 

1110 

850 

802 
705 

1015.5 
1.7 

1163.9 
3.1 

304.0 
2.7 

1013.8... 

...   301.3 

2 

300.3 
1.9 

390.2 
1.8 

8 

298.4 

143.9 
1.3 

_  1167.0 

1039.2 
2.9 

4 

892   ... 

641.0 
1.3 

...  1042.1 

568.2 
2.2 

6 

419.3 
1.1 

789.0 
2.1 

6 

142.6... 

...    786.9 

566.7 

1.8 

420.4... 

664.9 

5729 
Sum  of 

Sides. 

1454.S 
Cor'd  Ns. 

1454.7 
Cor'd  Ss. 

2209.1 
Cor'd  Es. 

2209.1 
Cor'd  Wa. 

Now  we  have  already  found  by  the  old  table  that  the  Ns  and  the  Ws  are  too  long;  consequently 
they  must  be  shortened  ;  while  the  8s,  and  Es,  mast  be  lengthened j  all  In  the  following  proportions: 
As  the 

Sam  of  all    .    Any  given     .  .    Total  err  of-.    Err  of  lat,  or  dep, 
the  sides      •         side         *  *      lat  or  dep 

Thus,  commencing  with  the  lat  of  aide  1,  we  have,  aa 

Sam  of  all  the  sides.    .    Side  1.    ..    Total  lat 
5729  •       1060       •  •  9.2 


of  given  side. 


Lat  err  of  aide  1. 
1.7 


Now  aa  the  lat  of  aide  1  la  north,  It  mast  be  shortened ;  henoe  It  beoomea= 1015.5 — 1.7—1013  8,  M 
figured  out  in  the  new  table.    Again  we  have  for  the  departure  of  side  1,. 

Sum  of  all  the  sides.    .    Sidel.    .  .    Total  dep  err.    .    Deperr  of  side  1. 
5729  •       1080       •  •  14.8  •  2.7 

Now  aa  the  dep  of  side  1  is  west,  it  must  be  shortened ;  henoe  it  becomes  904 — 2.7 = 301 .8,  aa  figured 
out  in  the  new  table. 

Proceeding  thus  with  each 
side,  we  obtain  all  the  corrected 
lata  and  deps  aa  shown  in  the 
new  table :  where  they  are  con- 
nected with  their  respective 
sides  by  dotted  line* ;  but  in 
praotioe  it  la  better  to  oroas  oat 
the  original  ones  when  the  cal- 
culation is  finished  and  proved. 
If  we  now  add  upthe  4  ools  of 
corrected  N,  8,  E,  W,we  find  that 
the  Ns=the8«:  and  the  Ks= 
the  Ws;  thus  proving  that  the 
work  is  right.    There  is,  it  is 

5i\       \  /  true,  a  discrepancy  of  .1  of  a  ft 

* \- **?---  /  betweentheNa.  and  the  Ss;  but 

this  is  owing  to  our  carrying 
out  the  corrections  to  only  one 
decimal  place :  and  ia  too  small 
to  be  regarded.  Discrepancies 
of  3  or  4  tenths  of  a  foot  will 
sometimes  occur  from  this 
cause;  bat  may  be  neglected. 
The  corrected  lata  and  deps 
must  evidently  ohange  the 
bearing  and  distance  of  every 
tide;  but  without  knowing  either  of  these,  we  can  now  plot  the  survey  by  raeaae  cf  the  corrected 
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ef  tb«  surrey.*  The  eorreeted  northings  and  southings  we  have  already  found ;  as  also  the)  eastings 
and  westings.  The  middle  dists  are  found  by  means  of  the  latter,  by  employing  their  halves  :  adding 
half  eastings,  and  subtracting  half  westings.    Thus  it  is  evident  that  the  middle  dist  2'  of  aide  2,  is 

Sua!  to  half  the  easting  or  side  2.  To  this  add  the  other  half  easting  of  side  2,  and  a  hair  easting 
side  3 ;  and  the  sum  is  plainly  equal  to  the  middle  diBt  3'  of  side  8.  To  this  add  the  other  half 
easting  of  side  3,  and  subtract  a  half  westing  of  side  4,  for  the  middle  diat  4'  of  side  4.  From  this 
subtract  the  other  half  westing  of  side  4,  and  a  half  westing  of  side  5,  for  the  middle  dist  6'  of  sJdt 
6;  and  so  on.    The  actual  calculation  may  be  made  thus : 


Half  easting  of  side  2  = 


11«7 
2 


=    583.5  E  =  mid  dist  of  side  2. 
583.5  S 


Half  easting  of  side  3  = 


1042.1      1167.0  ■ 
—  =    521.0  K 


1688,0  S  =  mid  dist  of  sideS. 
621.0  B 


Half  westing  ef  side  4  = 


55* 


2209.0  E 
=    278.0  W 


1931.0  S  =  mid  dist  of  aide  4. 
278.0  W 


786.9       1653.0  K 
Half  westing  of  side  &  =  =    893.6  W 


1259.5  K  =  mid  dist  of  ride  6. 
393.5  W 


Half  westing  of  side  6  = 


866.0  K 
282.4  W 


683.6  E  =  mid  dUt  sf  side  6. 
282.4  W 


301.3       301.2  K 
Half  westing  of  side  1  =  =    150.6  W 


2 


150.6  E  =  mid  dist  of  side  I. 


The  work  always  proves  itself  by  the  last  two  results  being  equal. 

Next  make  a  table  like  the  following,  in  the  first  4  ools  ef  which  plane  the  numbers  of  the  sides, 
the  middle  diets,  the  northings,  and  southings.  Mult  each  middle  dist  by  its  corresponding  northing 
•r  southing,  and  place  the  products  in  their  proper  col.    Add  upeaeheoi;  subtract  the  least  from  the 


Side. 


1 

2 
8 

4 
5 
6 


Middle  dist 


150.6 
583.5 

1688 

1931 

1259.5 
583.6 


Northing. 


1013.8 
298.4 


142.6 


Southing. 


392 
642.3 

420.4 


North  prod. 


152678 
174116 


179605 


506309 


Sonth  prod. 


661696 
1240281 

245345 


2147322 
506390 


48560)1640923(37.67  Acres. 


*  Proof.  To  illustrate  the  principle  upon  which  this 
rule  is  based,  let  a  b,  b  e,  and  c  a,  Pig  6,  represent  in 
order  the  S  sides  of  the  triangular  plot  of  a  survey,  with 
a  meridian  lino  df  drawn  through  the  extreme  west  eor- 
ner,  a.  Let  lines  b  d  and  ef  be  drawn  from  each  oorner, 
perp  to  the  meridian  line;  also  from  the  middle  of  each 
side  draw  lines  wi,md,k,  sjso  perp  to  meridian ;  and 
representing  the  middle  dists  of  the  sides.  Then  sinoe 
the  sides  are  regarded  in  the  order  ab,  be,  em,  it  is 
plain  that  a  d  represents  the  northing  of  the  side  a  b ; 
fa  the  northing  of  c a ;  and  df  the  soothing  ot  be. 
now  If  we  mult  the  northing  ad  ot  the  side  a b,  by  its 
mid  dist  ear,  the  prod  Is  the  area  of  the  triangle  abd. 
In  like  manner  the  northing  fa  of  the  side  c«,  mnlt  by 
lis  mid  dist «  o.  gives  the  area  of  the  triangle  a  ef.  Again, 
the  oouthtng  df  of  the  side  b  e,  mnlt  by  its  middist  mis, 
gives  the  area  of  the  entire  fig  dbefd.  If  from  this 
area  we  subtract  the  areas  of  the  two  triangles  abd, 
end  aef,  the  rem  Is  evidently  the  area  of  the  plot  afro. 
So  with  any  ether  plot,  however  complicated. 
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Tbe  rem  will  be  the  area  of  the  surrey  in  sq  ft ;  which,  dlv  by  43560,  (the  number  or  eq  ft 

an  acre,)  will  be  the  area  in  acres ;  in  this  instance,  37.07  ac. 

It  now  remains  onlj  to  calenlate  the  corrected  bearings  and  lengths  of  the  sides  of  the  surrey,  all 

of  which  are  necessarily  changed  by  the  adoption  of  the  corrected  lata  and  deps.  To  find  the  bearing 

of  any  aide,  div  its  departure  (K  or  W)  by  its  lat  (N  or  8) ;  in  the  table  or  nat  tang,  find  the  quot ; 

301  3  W 
the  angle  opposite  it  is  the  read  angle  of  bearing.    Thus,  for  toe  course  of  side  1,  we  have  ^ — •- 

1013.8  K 
=  .2971=- nat  tang;  opposite  which  in  the  table  is  the  read  angle,  18°  33' ;  the  bearing,  therefore,  is 
V  MP  33'  W. 

Again  :  for  tbe  diet  or  length  or  any  side,  from  the  table  of  nat  cosines  take  the  oos  opposite  to 
the  angle  of  the  corrected  bearing ;  divide  the  corrected  lat  (N  or  S)  of  the  side  by  the  cos.  Thus. 
for  tbe  diet  of  side  1,  we  find  opposite  10°  33',  the  oos  .9686.    And 

Lat.-      Cos. 
1013.8  -i-  .9586  ss  1057.6  the  reqd  dist. 

The  following  table  contains  all  the  corrections  of  the  foregoing  surrey ;  consequently,  if  the  bear- 


— — — — — 
Side. 

Bearing. 

Diet.  Ft 

1 
2 
3 

4 
5 
6 

N  18P33'  W 
N  75°  ZV  E 
8  6y°23/  E 
8  40P63'  W 
N  79°44'W 
8  63°  21' W 

1067.6 

1204.0 

1113.8 

849.6 

600.1 

704.3 

t 


X 


d 


■n 


fags  and  dials  are  oorreetly  plotted,  they,  will  close  perreotly.  The  young  assistant  Is  advised  to 
practise  doing  this,  as  well  as  dividing  the  plot  into  triangles,  and  computing  tbe  content.  In  this 
manner  he  will  soon  learn  what  degree  of  ears  Is  necessary  to  insure  accurate  results. 

The  following  htarta  mar  often  be  of  service. 
1st.  Avoid  taking  bearings  and 
dista  along  a  circuitous  bound- 
ary line  like  sic,  Fig  7 ;  but  ran 
the  straight  line  a  e;  and  at 
right  angles  to  it,  measure  off- 
sets to  the  crooked  line.  Hd. 
Wishing  to  survey  a  straight 
Hoe  from  a  to  c,  but  being  una* 
Me  to  direct  the  instrument 
precisely  toward  c,  on  account 
of  Intervening  woods,  or  other 
obstacles;  first  run  a  trial  line, 
as  a  •»,  as  nearly  in  the  proper 
direction  as  can  be  guessed  at. 
Measure  «•  c,  and  say,  as  a  m  is  to  m  c,  so  Is  100  ft  to  T  Lay  off  a  o  equal  to  100  ft,  and  o  *  equal 
to  T ;  and  run  tbe  final  line  a  «  c.  Or.  if  m  e  is  quite  small,  calculate  offsets  like  o  «  for  every  100  ft 
along  a  m,  and  thus  avoid  the  necessity  for  running  a  second  line.  8d.  When  c  is  visible  from  a,  but 
the  Intervening  ground  difficult  to  measure  along,  on  account  of  marshes.  Ac.  extend  the  side  «  a 
to  good  ground  at  t:  then,  making  the  angle  ytd  equal  toy  ac.  Tun  the  line  *  n  to  that  point  of  at 
which  the  angle  n  d  e  Is  found  by  trial  to  be  equal  to  the  angle  at  d.  It  will  rarely  be  necessary  to 
make  more  than  one  trial  for  this  point  d ;  for,  suppose  it  to  be  made  at  x,  see  where  it  strikes  a  c  at 
i;  measure  i  e,  and  continue  from  x,  making  xd^ie.  4th.  In  oase  or  a  very  irregular  piece  of 
land,  or  a  lake.  Fig  8,  surround  it  by  straight'  lines.  Survey  these,  and  at  right  angles  to  them, 
rare  offsets  to  the  crooked  boundary.  6th.  Surveying  a  straight  Hue  from  w  toward  y,  Fig  9 


m 


Fig.  8. 


«        d 
Flff.  10. 


n 


Flff.  9. 


7,  0,  I*  met.  To  pace  It,  lay  off  a  right  angle  wtux  measure  *my  tu;  make  !•»  = 
90°;  measure  w  »;  make  «  *  <  =90°;  make  v  i  =  t  u;  make  viy  =  90°.  Then  is  ti  —  uv;  and 
<*-  is  in  the  straight  line.  Or,  with  less  trouble,  at  a  make  t  g  a=60°;  measure  any  g  a;  make 
f  •*=60°;  mndai  =  gmi  make  a«<  =  60°.  Then  fo  o«=ra  aor  as;  and  <«,  oontinoed  toward 
9,  is  in  the  straight  line.  41th.  Being  between  two  objects,  m  and  n.  and  wishing  to  place  myself  in 
range  with  them,  I  lay  a  straight  rod  e  b  on  the  ground,  and  point  it  to  one  of  tbe  objects  m ;  then 
going  to  the  end  e.  I  find  that  it.  does  not  point  to  the  other  object.  By  successive  trials,  I  find  the 
position  •  d,  in  wbioh  ii  points  to  both  objects,  and  consequently  Is  in  range  with  them.    If  no  rod 
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THE  FOLLOWING)  TABLE 


3 

"K? 

W 

»* 

■sir 

w 

De",. 

■Ji? 

lr 

I;' 

wr 

"Sff 

s 

:™ 

■;;:; 

« 

:« 

•  IS 

« 

IS 

!S.a 

8 

I'm) 

JHJ 

Jg 
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,  ■ 

:™ 

la  Si 

8 

Is! 

nil 

n" 

SSI 

s™ 

a 

„s 
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:j"n 
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JJ 
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lis 
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jj 
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o  'tis 

g 

ijS 

IK 

1 

M6.1 

S.OI 
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Hut  Sines  of  Polar  Dlsts  of  Polaris  or  Mi  Star. 


Year. 

Sine. 

Year. 

Sine. 

Year. 

Sine. 

Year. 

Sine. 

Year. 

Sine. 

Tear. 

Sine. 

1880 
1881 
1882 

.0232 
.0231 
.0230 

1883 

1884 
1885 

.0229 
.0229 
.0228 

1886 
1887 
1888 

.0227 
.0226 
.0225 

1889 
1890 
1891 

.0224 
.0223 
.0222 

1892 
1893 
1894 

.0221 
.0220 
.0219 

1895 
1896 
1897 

.0218 

.0217 

".0216 

Haft  Secants  of  Worth  Latitudes. 


Lai 


0° 
2 

4 

5 

■  6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17  . 
18 
19 
20 
21 


See. 


1.000 
1.001 
1.002 
1.004 
1.006 
1.008 
1,010 
1.013 
1.016 
1.019 
1.022 
1.026 
1.031 
1.035 
1.040 
1446 
1.052 
1.058 
1.064 
1.071 
1.075 
1.079 
1.082 
1.086 
1.090 


Lat. 


Sec. 


1.095 
1.099 
1.103 
1.108 
1.113 
1.117 
1.122 
1.127 
1.133 
1.138 
1.143 
1.149 
1.155 
1.158 
1.161 
1.164 
1.167 
L170 
1.173 
1.176 
1.179 
1.182 
1.186 
1.189 
1.192 


Lat. 


See. 


1.196 
1.199 
L203 
1.206 
1.210 
1.213 
1.217 
1.221 
1.225 
1.228 
1.232 
1.236 
1.240 
1.244 
1.248 
1.252 
1.256 
1.261 
1.265 
1.269 
1.273 
1.278 
1.282 
1.287 
1.291 


Lat. 


BC6« 


1.296 
1.301 
1.305 
1.310 
1.315 
1.320 
1.325 
1.330 
1.335 
1.340 
1.346 
1.351 
1.356 
1.362 
1367 
1.373 
1.379 
1.384 
1.390 
1.396 
1.402 
1.408 
1.414 
1.420 
1.427 


Lat. 


See. 


1.433 
1.440 
1.446 
1.453 
1.460 
1.466 
1.473 
1.480 
1.487 
1.495 
1J502 
1.509 
1.517 
1.524 
1.532 
1.540 
1.548 
1.556 
1.564 
1.572 
1.561 
1.589 
1.598 
1.606 
1.615 


Lat. 


See. 


1.624 
1683 
1.643 
1.652 
1.662 
1.671 
1.681 
1.691 
1.701 
1.712 
1.722 
1.733 
1.743 
1.754 
1.766 
1.777 
1.788 
1.800 
1-812 
1.824 
1.836 
1.849 
1.861 
1.874 
1.887 


To  And  a  Meridian  Line  (a  true  north  and  South  line)  by 
#  means  of  the  North  Star.    (Polaris.). 

Toe  Berth  star  appear*  to  describe  a  small  eirele,  n  n',  Ac,  Pig  14,  around  the  true  north  point,  or 
north  pole,  as  aeeater.  The  rad  of  this  eirele  is  estimated  bv  the  angle  between  the  star  and  the 
pole,  as  measured  from  the  earth  ;  and  is  called  the  polar  dlat  of  the  star.  This  polar  dist  be- 
come* 1*^W  seconds,  or  very  nearljr  %  of  a  minute  less  every  year.  On  Jan  1, 1885,  it  is,  approx- 
imately, F>  17*  58".  On  the  first  of  1890,  it  will  be  about  1°  16'  41",  to.  When,  in  its  revolution,  the 
star  is  farthest  east  or  west  from  the  pole,  as  at  n'  or  n",  it  Is  said  to  be  at  its  greatest  JR  or  W 
iilsjMiallwr  Then  its  apparent  motion  for  several  ml  a  is  nearly  vert,  and  cou«equently  affords 
the  best  opportunity  for  an  observation  in  the  simple  manner  here  described.  The  arrows  in  Fig  14 
show  the  direction  in  which  the  stars  appear  to  move  from  east  to  west  when  the  spectator  faces  the 
north. 

The  latitude  or  the  place  must  be  known  approximately.  Taking  it  at  the  closest  one  in  our  fore- 
going table,  the  error  in  the  position  of  the  meridian  will  not  exceed  half  a  min  of  azimuth  in  lat  57°, 
or  one  quarter  min  in  lat  40° ;  and  still  less  in  lower  lata. 

'About  3  ft' above. ground  tlx  firmly,  perfectly  level,  and  as  nearly  east  and  west  as  may  be,  a 
smooth  narrow  piece  of  board,  about  S  ft  long,  to  serve  as  a  kind  of 
table.  Also  prepare  another  piece  a  a,  about  a  foot  long ;  and  fasten 
to  It,  at  right  angles,  a  oompass  ~igbt.  or  astrlp  of  thin  metal,  with 
a  straight  slit,  f  shown  by  a  black  line  in  the  fig.)  about  6  ins  long 
and  JC  iueh  wide.  This  pieoe  of  board  is  to  be  slid  along  the 
table,  as  the  observer  follows  the  motions  of  the  star  toward  the 
east  or  west :  looking  at  It  through  the  vert  silt.  Plant  a  stout 
pole,  about  40  ft  leng.  firmly  In  the  ground,  with  its  top  as  nearly 
north  as  possible  from  the  middle  of  the  table.  Its  top  should 
lean  2  or  8  ft  toward  either  the  east  or  the  west ;  and  a  plumb- 


t£ 


■0u 


Fi«r.l2. 


lino  m««t  be  raspradefl-  from  its  top,  with  a  hob  welching  one  or  two  lbs,  which  may  swing  In  a 
bnefcet  of  water  nlneed  on  the  ground.  This  is  to  prevent  the  line  from'  being  so  easily  moved  by 
flight  earrento  of  air ;  and  for  farther  •teadineas,  the  pole  itself  should  bv  well  braced  from  within,  a 
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hw  feet  below  Its  top.  The  proper  dist  i  o,  of  tht  pole  p  o,  from'  the  table  t  «,  may  be  found 
thus :  Make  an  angle  n  m  e,  equal  approximately  to  the  lat  of  the  plaoe.  Open  a  pair  of  dividers 
10  equal,  by  any  convenient  scale,  the  height  (•  of  the  table ;  and  draw  t  a.     Then  take,  by  the 

same  seale,  the  height,  p  o,  of  the  pole  above  ground ;  and  place 
it  upon  the  sketch,  so  that  the  top  p  shall  be  by  scale  a  ft  01 
two  above  m  n.  Then  a  o,  by  the  same  scale,  will  be  about  the 
dist  read ;  probably  from  8  to  5  yards.  A  deviation  of  a  ft  or  so 
from  this  will  not  be  important. 

The  correct  dock  time  at  any  plaoe,  for  the  elongation,  may  be 
found  within  a  few  min  from  the  following  table. 

Instead  or  a  pole  and  plumb-line,  the  writer  would  suggest  a 
planed,  straight- edged  board  planted  vert  and  braced;  its  aide 
toward  the  observer. 

The  observer  should  be  at  his  station  at  least  X  of  an  hour  in 
advance  of  the  time.  Placing  the  board  a  a,  upon  the  table  aud 
in  range  with  the  plnmb-line  and  star,  he  will  watch  both  of  them 
through  the  vert  slit ;  sliding  the  board  along  the  table,  so  as  to 
keep  the  slit  in  the  range  as  long  as  the  star  continues  to  move 
toward  the  east  or  west,  as  the  case  may  be.  An  assistant  must, 
bold  a  candle,  or  lantern,  on  a  pole  near  the  plumb-line,  to  enable 
the  observer  to  see  the  latter.  As  the  star  approaches  its  elonga- 
tion, It  will  appear  to  move  nearly  rert  for  several  min,  so  that  It  can  be  seen  without  moving  the 
slit.  When  certain  by  this  that  the  star  has  reached  its  elongation,  confine  the  sliding  board  to  the 
table  by  stioking  a  few  tacks  around  its  edges.  Then  let  a  third  person,  with  another  candle,  go  off 
some  dist,  (a  hundred  yards  or  more  if  convenient.)  in  a  direction  toward  the  star ;  and  then  drive 
a  stake  as  directed  by  the  observer,  who  will  take  oare  that  It  is  exactly  in  range  with  the  slit  and 

B tomb- line.  Another  stake  must  then  be  driven  exactly  under  either  the  slit  or  the  plumb-line, 
[avlng  thus  placed  the  two  stakes  in  the  range  of  the  elongation,  defer  the  remainder  of  the  operation 
until  morning.  From  the  tables  given  above  take  out  the  sine  of  the  polar  dist,  and  also  the  secant 
of  the  lat.  Mult  these  together.  The  prod  will  be  the  nat  sine  of  an  angle  called  the  asdnsatlt 
of  the  star.  Find  the  sine  in  table,  p  60,  to.  and  the  angle  which  oorrespouds  to  it.  This  azimuth 
angle  will  be  between  1°  2C  and  2°  30',  according  to  lat.  Place  an  instrument  over  the  S  stake,  sight 
to  the  N  one,  and  lay  off  this  angle  to  the  E  if  the  eloog  was  W,  or  vice  versa,  and'drive  a  stake  to 
mark  it.  This  last  direction  is  true  N  and  S.  It  might  be  supposed  that  after  driving  the  first  two 
stakes,  a  true  meridian  oould  be  had  by  merely  laying  off  the  polar  diet,  by  means  of  a  compass  or 
transit ;  but  this  is  not  so.  Plaoe  the  oompass  over  the  south  stake,  and  take  sight  to  the  north  one. 
If,  then,  the  north  end  of  the  needle  points  east  of  the  line,  the  variation  of  the  oompass  is  east,  and 
vice  versa. 

Times  by  a  correct  clock  of  Elongations  of  the  H •  Star. 

Deduced  from  U.  S.  Coast  Survey  table,  calculated  for  April  1. 1883,  to  April  1, 1884,  and  for  lat 
88°  N ;  but  will  answer  within  about  6  minutes  for  any  lat  up  to  60°  N,  and  until  1890. 

Times  of  Eastern  Elongations. 


Day  or 
Month. 

Apr. 

May. 

Jane. 

Jaly. 

Ausj.     * 

Sep. 

1 
7 

13 
19 
26 

H.  M. 
6    41  AM 
6    18    " 
5    54    " 

5  30    " 

6  7" 

H.  M. 

4    43  AM 

4    20    " 

8    58   " 
3    32    " 
3      9" 

H»  Jr. 

2    41  A  M 

2    18    •' 
1    54    " 
1    30   " 
17" 

H.  M* 
12    43  A  M 
12    20     " 
11    52  PM 
11     29    " 
11      5    " 

Ha      M« 

10    37  PM 

10    14     " 

9    60    " 

9    27     " 

9      3     •* 

- 

H.  M. 

8    36PM 
8    12     " 
7    48     " 
7    25     " 
7      1     " 

Times  of  Western  Elongation*. 


Day  of 
Month. 

Oct. 

Not. 

De*. 

Jan. 

Feb. 

Mar. 

1 

7 

13 

19 

25 

6    31  AM 
6     8" 

5  44   *' 

6  21    " 
4    67   " 

H.  M. 
4    29  A  M 
,4      6    " 
3    42   " 
3    19   " 
2    55   " 

H.  M. 
3    32  AM 
8      8" 
1    44    " 
1    31    " 
18    57    " 

H.  M. 

12    SO  A  M 
12      6     " 
11    39PM 
11     15     " 
10    61     " 

H.  M* 

10    24  PM 

10    00    " 

9    36    " 

9    13    " 

8    49    " 

H    M. 
8    30PM 
8      6" 
7    43     " 
7    19    " 
6    56    " 

For  days  of  the  month  intermediate  of  those  in  the  table,  it  will  be  near  enough  to  make  the  1 
4- min  earlier  eaeh  suooeedingday. 

Duriug  nearly  all  of  the  four  months.  Maroh,  April,  September,  and  October,  the  elongations  take 
plaoe  in  daylight;  so  that  this  method  oannot  then  be  used.  Nor  can  it  be  used  at  anv  time  in  places 
south  of  about  4°  north  of  the  equator,  because  there  the  north  star  is  not  visible.  But  during  that 
time  a  meridian  may  be  found  by  reoolleoting  that  when  the  north  star  u  is  on  the  meridian,  or,  in 
other  words,  is  trtdy  north  from  us.  the  star  Allota.  a,  is  very  nearly  vertically  a****  it,  if  the 
north  star  n  is  on  the  meridian  below  the  pole:  or  below  it.  as  at  a'",  if  the  north  star,  «"'  is  on 
the  meridian  above  the  pole.  When  the  north  star  n'  is  at  its  east  elongation,  Alloth  is  horizon- 
tally  west  or  it,  as  at  a';  and  when  the  north  star.  n".  is  at  its  west  elongation.  Alloth  is  horizontally 
east  of  it,  as  at  a".  All  that  is  oeoeasary,  therefore,  is  to  prepare  an  arrangement  of  table,  pole, 
plumb  line,  Ac,  precisely  an  before  :  except  that  the  plumb  line  must  be  nearer  the  observer,  as  he 
will  have  to  watch  Alioth  above  the  north  star.  Wstoh  through  the  movable  slit  until  Alloth  Is  on 
the  same  vert  line  with  the  north  star.  Then  put  in  two  stakes  as  before,  and  they  will  be  nearly 
in  a  uue  uuriii  and  south  Una,    Bat  to  be  more  exact,  either  lay  off  (to  the  fi  if  AUoth  la  abort 
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Marls,  or  to  the  W  if  below)  an  aitmnth  .ingle  of  11  minutes;  or  else  do  not  drWe  the  stakes  when 
the  two  stare  are  in  a  Tort  line,  bat  note  toe  time,  and  then  wait  24.5  minutes.  Then  take  the 
range  to  Polaris  alone.  This  last  range  will  be  tree  N  and  8  .within  2  or  8  minute*  depending  on  lat. 
an  til  1890.  A  transit  with  illuminated  cross-wires  can  plainly  be  used  in- 
stead of  the  plnmbUne,  fto,  bat  is  more  troublesome  exeept  to  an  expert.  A  very  oorreet  method 
adapted  to  both  N  and  S  lata,  Is  to  take  the  two  ranges  to  any  N  or  S  oircumpolar  star  on  the  same 

iight;  when  it  is  at  any  two  equal  altitude*.    Half  way  between  them 
»UI  be  true  N  and  S. 


>ean  be  no 

diffleoJty  In  find* 
Ing  Alloth,  as  It 
Is  one  of  the  T 
bright  stars  in 
the  fine  oonstel- 
lation  so  well 
known  as  the 
Great  Bear,  or 
the  Wagon  snd 
Horses.  AHothis 
the  horse  nearest 
to  the  tore- wheels 
of  the  wagon. 
The  two  hind- 
wheels  t  t  are 
known  to  every 
schoolboy  as  the 
••Pointers,"  be- 
cause they  point 
nearlv  in  the  dl- 
reetion  to  the 
North  8tar.  The 
relative  poflttioof 
of  these  T  stars, 
as  shown  in  Fig 
14,  are  tolerably 
oorreet. 


Fig.  14. 


♦     s 


TRAVERSE  TABLE. 


Traverse  Table  tar  a  Dlatanee 

-L 

It 

X 

* 

I- 

1.'.L 

^T 

1 

1 

,! 

1 

1 

"| 

1 

I 

1 

"1 

VERSE   TABLE. 


TnmFM  Table  for  «  Dlatance  =  1.     (CoiriiKDtc.) 


Bq..  [ 
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. 

Traverse  Table  for  a  Distance  =» 

1.  (OomnnnD.) 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

or 

or 

or 

or 

or 

or 

N.8. 

K.  W. 

N.  8. 

E.W. 
.2419 

N.8. 

K.W. 

IS°0' 

.9781 

.2079 

78°0' 

14°0 

.9703 

76°0* 

W°0' 

.9618 

.8756 

74<V 

s 

.0780 

.2084 

58 

2 

.9702 

.2426 

68 

2 

.9811 

.8762 

56 

4 

.9770 

.2080 

56 

4 

.9700 

.2481 

56 

4 

.9809 

.2768 

56 

• 

.0778 

.2086 

64 

6 

4Jft4tJ)Q 

•ww 

.2486 

54 

6 

.9608 

.2773 

64 

8 

.0777 

.2102 

62 

8 

.9697 

.2442 

62 

8 

.9808 

.8779 

69 

10 

.vm 

.2108 

50 

10 

•9006 

.2447 

60 

10 

.9605 

.8784 

50 

IS 

.0774 

.2118 

48 

12 

.2458 

48 

IS 

.9808 

.8790 

48 

14 

-8771 

.2119 

46 

14 

•9006 

.2459 

46 

14 

J601 

.8795 

46 

16 

.9772 

.2125 

44 

16 

•WW 

•9a9a 

44 

16 

.9600 

.8801 

44 

18 

.8770 

.2180 

42 

18 

.9890 

.2470 

42 

18 

.9698 

.8807 

48 

SO 

.0760 

.2186 

40 

20 

•9R99 

.2476 

40 

SO 

.9596 

.8818 

40 

83 

.8768 

.2142 

88 

22 

.9687 

.2481 

88 

82 

•9595 

.8818 

88 

34 

.0767 

.2147 

86 

24 

•9690 

.2487 

86 

24 

.9598 

.8828 

86 

28 

.8765 

.2158 

84 

26 

tlQDI 

OHM 

•INV 

84 

26 

.9591 

•8829 

84 

28 

.9764 

.2150 

82 

28 

iWDS 

.2498 

82 

28 

.9590 

.8886 

SS 

SO 

.8768 

.2164 

80 

80 

.9681 

.2504 

80 

80 

.9688 

.8840 

SO 

82 

.9762 

.2170 

28 

82 

.9680 

.2509 

28 

82 

.9587 

•VM9 

a 

84 

.9760 

.2176 

26 

84 

.9879 

.2516 

26 

84 

.9686 

.8851 

a 

86 

.9759 

.2181 

24 

86 

.9677 

.2521 

24 

86 

.9588 

.8857 

a 

88 

.9758 

.2187 

22 

88 

.9676 

.260 

22 

88 

.9582 

.8868 

a 

40 

.9767 

.2198 

20 

40 

.9674 

.2582 

20 

40 

.9580 

.8868 

a 

42 

.9755 

.2198 

18 

42' 

.9678 

.2588 

18 

43 

.9578 

.8874 

18 

44 

.9764 

.2204 

16 

44 

.9671 

.2548 

16 

44 

.9577 

.8879 

16 

46 

.9758 

.2210 

14 

46 

.9670 

.2549 

14 

46 

.9676 

.8885 

14 

48 

.9761 

.2215 

12 

48 

•9068 

•2564 

12 

48 

.9678 

.8890 

18 

50 

.9750 

.2221 

10 

50 

.9887 

.2660 

10 

50 

J672 

•2BW 

10 

52 

.9749 

.2227 

8 

52 

•9006 

•MM 

8 

62 

.9670 

.2901 

8 

54 

.9748 

.2282 

6 

54 

•900* 

.2571 

6 

54 

4668 

.2907 

6 

56 

.9746 

.2238 

4 

56 

.8662 

.2577 

4 

56 

.9666 

.2918 

4 

58 

.9745 

.2244 

2 

56 

.9661 

.2588 

2 

58 

.9665 

.2918 

8 

18^0' 

.9744 

.2250 

77°0' 

15°0' 

.9859 

.2588 

75°0' 

17°0 

.9663 

.2924 

73<V 

2 

.9742 

.2255 

58 

2 

.9658 

.2594 

58 

2 

.1661 

.2929 

58 

4 

.9741 

.2281 

56 

4 

•MOO 

.2599 

56 

4 

J660 

.2986 

56 

6 

.9740 

.2287 

54 

6 

.9655 

.2606 

54 

6 

.9568 

.2940 

64 

8 

.9738 

.2272 

52 

8 

.9853 

.2611 

52 

8 

.9666 

•2946 

68 

10 

.9787 

.2278 

50 

10 

.9852 

.016 

50 

10 

•9666 

.8958 

69 

12 

.9786 

.2284 

48 

12 

.9650 

.2622 

48 

12 

t^999 

.1967 

a 

14 

.9784 

.2289 

46 

14 

.9649 

.2628 

46 

14 

.9661 

.8988 

a 

16 

.9788 

.2285 

44 

16 

.9647 

.2638 

44 

16 

.9549 

•3MP0 

44 

18 

.9733 

.2800 

42 

18 

Mitt 

•VOW 

.2639 

42 

18 

.9648 

.2974 

48 

20 

.9780 

.2808 

40 

20 

.9644 

.2644 

40 

20 

iVOW 

.2979 

a 

22 

.9729 

.2812 

88 

22 

.9642 

.2650 

38 

22 

••^p»w 

•8986 

a 

24 

.9728 

.2317 

86 

24 

.9641 

.2656 

86  . 

24 

.9542 

•S^^^v 

a 

26 

.9726 

.2323 

84 

26 

.9689 

.2661 

84 

28 

.9541 

.^^^^v 

34 

28 

.9725 

.2329 

32 

28 

.9638 

.2867 

32 

28 

.9589 

.8999 

a 

80 

.9724 

.2334 

80 

80 

•9090 

.2672 

80 

SO 

.9587 

.8007 

a 

32 

.9722 

.2340 

28 

82 

.9636 

.2678 

28 

82 

.9686 

.3618 

a 

84 

.9721 

.2346 

26 

34 

.9633 

•90B* 

26 

84 

.9684 

.3018 

a 

36 

.9720 

.2351 

24 

86 

.9632 

•9009 

24 

86 

.9682 

.3034 

24 

38 

.9718 

.2357 

22 

38 

.9880 

.2895 

22 

38 

.9530 

.8089 

a 

40 

.9717 

.2363 

20 

40 

.9628 

.2700 

20 

40 

•9528 

.3035 

a 

42 

.9716 

.2368 

18 

42 

.9627 

.2708 

18 

42 

.9527 

.8040 

18 

44 

.9714 

.2374 

16 

44 

.9625 

.2712 

16 

44 

.9526 

.8046 

16 

46 

.9713 

.2380 

14 

46 

.9624 

.2717 

14 

46 

.9188 

.8051 

14 

48 

.9711 

.2885 

12 

48 

.2723 

12 

48 

.9681 

J057 

18 

SO 

.9710 

.2391 

10 

50 

.9621 

.2728 

10 

50 

J68O 

JOSS 

10 

52 

.9709 

.2397 

8 

62 

.9619 

.2784 

8 

52 

.9618 

.8088 

8 

54 

.9707 

.2402 

6 

54 

.9617 

.2740 

6 

54 

.9616 

.3074 

6 

56 

.9708 

.2408 

4 

66 

.9616 

.2745 

4 

56 

.9514 

.3079 

4 

58 

.9704 

.2414 

2 

68 

.9614 

.2761 

2 

58 

.9619 

.3085 

3 

14P0' 

.9708 

.2419 

76°0' 

16°0' 

.9818 

.2766 

74°0.' 

18°0' 

.9511 
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73*V 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 
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or 

or 

or 

or 

or 

or 

K.  W. 

N.8. 

K.W. 

N.8. 

E.W. 

N.8. 
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Traverse  Table  for  a  Distance  — 

1.    (Concluded.) 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

or 

or 

or 

or 

or 

or 

N.S. 

B.W. 

N.S. 

K.W. 

N.S. 

K.W. 

«Q0* 

.7431 

.6681 

48°0' 

43°0* 

.7314 

.6830 

47°0' 

44°0' 

.7193 

.6947 

46' 0 

3 

.7438 

•MRPO 

58 

3 

.7310 

.6821 

58 

3 

.7189 

.6951 

5K 

4 

.7434 

.6700 

66 

4 

.7308 

.6828 

66 

4 

.7185 

.6955 

56 

6 

.7430 

.6784 

54 

6 

.7303 

.6888 

54 

6 

.7181 

.6959 

54 

8 

.7418 

.6700 

53 

8 

.7396 

.6837 

52 

8 

.7177 

.6963 

52 

10 

.7413 

.6713 

50 

10 

.7394 

.6841 

60 

10 

.7173 

.6967 

50 

13 

.7488 

.6717 

48 

12 

.7390 

.6845 

48 

12 

.7169 

.6972 

48 

14 

.7404 

.6733 

46 

14 

.7286 

.6850 

46 

14 

.7165 

.6976 

46 

1C 

.7480 

.6738 

44 

16 

.7383 

.6854 

44 

16 

.7161 

.6980 

44 

18 

.7388 

.6710 

43 

18 

.7278 

.6858 

42 

18 

.7157 

AQfti. 

42 

30 

.7383 

.6784 

40 

30 

.7274 

.6862 

40 

20 

.7153 

HOAR 

40 

n 

4388 

.6789 

38 

33 

.7270 

.6867 

38 

23 

.7149 

.6992 
.6997 

38 

34 

.7386 

.6743 

36 

34 

.7286 

.6871 

36 

24 

.7145 

36 

96 

.7381 

.6747 

34 

36 

.7382 

.6876 

84 

26 

.7141 

.7001 

34 

38 

.7377 

.6753 

83 

38 

.7258 

.6679 

32 

28 

.7187 

.7005 

32 

SO 

.7373 

.6766 

30 

80 

.7254 

.6884 

80 

80 

.7133 

.7009 

30 

S3 

.7389 

.6760 

38 

S3 

.7350 

ftftttfi 

•vooo 

28 

32 

.7138 

.7013 

38 

94 

.7386 

.6764 

38 

84 

.7246 

.6892 

36 

34 

.7124 

.7017 

36 

86 

.7381 

.6769 

34 

36 

.7242 

.6898 

24 

36 

.7120 

.7021 

24 

88 

.7357 

.6773 

33 

38 

.7338 

.6900 

22 

88 

.7116 

.7026 

22 

40 

.7353 

.6777 

30 

40 

.7234 

.6905 

20 

40 

.7112 

.7030 

20 

43 

.7348 

.6783 

18 

43 

.7230 

.6809 

16 

42 

.7108 

.7034 

18 

44 

.7345 

.6786 

16 

44 

.7236 

.6913 

16 

44 

.7104 

.7038 

16 

46 

.7341 

.6788 

14 

46 

.7233 

.6917 

14 

46 

.7100 

.7042 

14 

48 

.7337 

.6794 

12 

48 

.7318 

.6931 

12 

48 

,7096 

7046 

12 

60 

.7333 

.6799 

10 

60 

.7214 

.6926 

10 

50 

.7092 

.7050 

10 

63 

.7339 

.6808 

8 

S3 

.7210 

.6930 

8 

62 

.7088 

.7055 

8 

64 

.7335 

.6807 

6 

54 

.7208 

.6934 

6 

54 

.7083 

.7059 

6 

66 

.7921 

.6811 

4 

56 

.7301 

.6938 

4 

56 

.7079 

.7063 

4 

68 

.7318 

.6816 

8 

68 

.7197 

.6942 

2 

58 

.7075 

.7087 

3 

43PV 

.7314 

.6830 

47°0' 

44°0* 

.7193 
Dep. 

.6947 

46°0' 

45°0' 

.7071 

.7071 

46°0' 

Dep. 

L»t. 

Lat. 

Dep. 

Lat. 

or 

or 

or 

or 

or 

or 

B.W. 

If.  ft. 

K.  W. 

N.S. 

K.W. 

N.S. 

i  tke  aagle  exeeeto  45°»  the  lata  and  deps  are  read  upward  from  the  bottom. 

-Since  these  lata  and  deps  are  for  a  diet  1,  we  mar  proceed  as  follow*  for  greater  diata. 
Tbue,  let  the  diet  be  858.1.  Add  together  809  times,  50  timee,  6  times,  and  ^  time  the  correspond- 
ing late  and  deps  of  the  table. 

Kx.— What  Is  the  lat  and  dep  for  866.1  feet;  the  angle  being  48°? 

Here  tor  43°  we  hare  from  the  table,  lat  .7314 ;  dep  .6820. 

Hence,  .7314  X  800  =  585.12;  and  .6820  X  800  -  645.60 
.7314  X  50  =  36.57 ;  and  .6820  X  »=  34.10 
.7314  X  '  6  =  4.89:  and  .6830  X  6  =  4.09 
.7814  X    .1  =      .07  ;  and  .6820  X    .1  a=       .07 


Lat  626.16 


Dep  583.86 
Or  we  may,  with  a  little  more  trouble,  malt  the  lat 


These  multiplications  mar  be  made  mentally 
aud  dep  of  the  table  by  the  given  diat.    Thus, 

.7314  X  656.1  =  626.15  lat ;  and  .6830  X  856.1  =  583.86  dep.* 


•  Inaamaeh  as  tbe  engineer  bat  rarely  needs  a  traverse  table,  we  hnve  thoagbt  it  best  to  give  a 
correct  one,  rather  than  the  eommon  one  for  K  degrees.  The  Arst  involves  more  trouble  in  using  it ; 
bat  the  last  is  entirely  an  fit  for  ot  her  than  the  rude  calculations  for  oommon  surveying  with  oompasc 
courses  taken  to  the  nearest  34  degree. 

To  divide  a  seale  of  one  mile  lni4»  feet,  first  cut  off  one-sixth  of  it; 
then  divide  the  remainder  into  four  equal  part*.    Each  of  these  parts  will  be  1100  feet. 
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.    . ,  -  -_  1,  under  tin;  lWesn;op«.  and  thn  arradnated  bk),  It  is  their  nlin 

transit.    With  these  appendages,  ur  rather  with  a  graduaual  cirofe  In  place  of 
the  arc.  It  becomes  virtually  a  Complete  Theodolite.* 

BDU,  Flgi,  U>  the  trlpod-heavd.  The  screw-threads  slBreeelre  the  screw 
of  a  wooden  tripod-head-cover  when  the  instrument  ia  out  of  use.  S  8  A  is  the 
lower  parallel  plate.  After  the  trus.lt  hu  haen  net  ierr  nearly  over  (he 
renter  of  a  stake,  the  ahlftlngr-plnte.ddec,  enables  us,  by  slightly  loosening 
the  levelllnc.iaerewa  K,  to  shift  the  upper  ncrU  horiiontally  a  trifle,  and 
thm  brini  the  plumb-boboiaetlioier  the  center  with  lew  trouble  i  by  the 
older  method  of  pushing  one  or  tiro  of  tile  legs  further  into  the  gruuud,  or  spread- 
ing them  more  or  lees.  The  screws,  K,  are  then  tightened,  thereby  pushing  up. 
nni  the  oipper  parallel  plate  m  m  mn.  and  with  it  the  li«li-iji.ll  b,  thus 
pressing  ci  tightly  op  against  the  under  tide  of  8.    The  plumb-line  passes 


tn  preserve  a  from  being  indented.    The  parts  thus  ur  aeacrtnea  are  generally 
left  attached  to  the  legs  at  all  times.    Fig  1  shows  the  method  of  attachment, 
To  aet  the  tipper  parte  apon  the  parallel  plates.     Place  the 

(of  which  the  one  shown  at  F  is  movable)  mar  enter  the  three  corresponding 
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In  a.  that  allowing  a  to  bear  fully  on  m,  upon  which  the  upper  parte 
then  rest  (The  inner  end  of  the  spring-catch,  J,  in  the  meantime  enters  a  groove 
around  U,  just  below  a,  and  prevents  the  upper  parts  from  falling  off,  if  the  in* 
strument  is  now  carried  over  the  shoulder.)  Revolve  the  upper  parts  horizontally 
a  trifle,  in  either  direction,  until  they  are  stopped  by  the  striking  of  a  small  lug 
on  a  against  one  of  the  blocks  F.  The  recesses  in  a  are  now  clear  of  the  blocks. 
Tighten  o,  thereby  pushing  inward  the  movable  block  F,  which  clamps  the 
bevelled  flange  a  between  it  and  the  two  fixed  blocks  on  m  ss,  and  confines  the 
spindle  U  to  the  fixed  parallel  plates.  It  remains  so  clamped  while  the  instrument 
is  being  used. 

To  remove  the  tipper  parts  from  the  parallel  plates.  Loosen 
q,  bring  the  recesses  in  a  opposite  the  blocks  F.  Hold  back  J,  and  lift  the  upper 
parts,  which  are  then  held  together  by  the  broad  head  of  the  screw  inserted  into 
the  foot  of  the  spindle  to. 

T  T  is  the  ©titer  revolving:  spindle,  cast  in  one  with  the  support-* 
lug-plate  Z  Z,  to  which  is  fastened  the  graduated  limb  O  O.  The  limb 
extends  beyond  the  compass-box,  and  thus  admits  of  larger  graduations  than 
would  otherwise  be  obtainable,  wis  the  inner  revolving*  spindle.  At 
its  top  it  has  a  broad  flange,  to  which  is  fastened  the  vernier  plate  P  P.  To 
tiie  latter  are  fastened  tho  eompass~box  C,  one  of  the  bubble-tubes  M  M 
(the  one  shown  in  Fig  2),  the  anst-box  W  W,  the  standards  V  V,  supporting 
the  telescope,  Ac.  Each  bubble-tube  is  supported  and  adjusted  by  two  capstan- 
screws,  one  at  each  end.  One  is  shown  at  r.  The  bent  strip  curving  over  the 
tube  protects  the  glass. 

The  clamp-screw,  H,  presses  the  split  collar,  /*,  tightly  against  the  fixed  spindle, 
U,  but  not  against  Z  or  T.  The  set-screws,  G  G,  workingln  nuts  that  are  cast  in 
one  with  Z,  hold  between  them  the  tongue,  y,  which  projects  from  tt,  and  the 
graduated  limb  is  thus  held  last,  except  that  by  moving  the  screws,  G,  it  may  be 
made  to  revolve  slightly. 

In  Fig  1,  the  tangentrscrew,  b,  is  seen  passing  through  two  towers,  in  which  it 
works.    One  of  the  towers  is  fast  to  the  lower  one  of  tho  two  small  pieces  at  the 
foot  of  the  clamp-screw  «,  Fig  2.    When  e  is  tightened,  it  draws  the  two  small 
pieces  together,  confining  between  them  an  edge  of  the  graduated  limb,  which  is 
thus  made  fast  to  the  above-mentioned  tower.    The  other  tower  is  fast  to  the 
vernier-plate ;  and  the  tangent-screw,  b,  holds  the  towers  at  a  fixed  dist  apart1* 
The  clamping  of  e  thus  prevents  the  vernier-plate  from  revolving  over  the  gradu,ie 
ated  limb,  except  that  it  may  be  moved  slightly  by  turning  o,  and  thus  changin    * 
the  dist  apart  of  the  towers.    In  Heller  and  Brightly's  instruments,  the  screw,  t 
is  provided  with  means  for  taking  up  its  "  wear,*  or  "  lost-motion." 

There  are  two  verniers.  One  is  shown  at  n,  Fig  1.  Both  may  be  read,  an 
their  mean  taken,  when  great  accuracy  is  required.  Ivory  reflectors,  c,  facilitat 
their  reading.  Before  the  instrument  is  moved  from  one  place  to  another,  th 
compass-needle,  *,  Fig  2,  should  always  be  pressed  up  against  the  glass  cove 
of  the  compass-box  by  means  of  the  upright  mflled-head  screw  seen  on  the  vei 
nier-plate  in  Fig  1,  just  to  the  right  of  the  nearest  standard.  The  pivot-point ) 
thus  protected  from  injury. 

R,  Fig  1,  is  a  ring  with  a  clamp  (the  latter  not  shown)  for  holding  the  telesco] 
in  any  required  position.  It  is  best  to  let  the  eye-end.  «,  of  the  telescope  revoh 
downward,  as  otherwise  the  shade  on  O,  if  in  use,  may  fall  off.  The  tangent-screv , 
d,  moves  a  vert  arm  attached  to  R,  and  is  thus  used  for  slightly  changing  the 
elevation  of  the  telescope.  In  the  arm  is  a  slit  like  that  seen  in  the  vernier-arm 
i.  When  0°  of  the  vernier  is  placed  at  30°  on  the  arc,  g,  and  the  index  of  the 
opposite  arm  is  placed  over  a  small  notch  on  the  horizontal  brace  (not  seen  in  011  r 
figs)  of  the  standards,  the  two  slits  will  be  opposite  each  other,  and  may  be  used 
for  laying  off  offsets,  Ac,  at  right-angles  to  the  line  of  sight 

One  end,  R,  of  the  telescope  axis  rests  in  a  movable  box,  under  which  is  a  screw. 
By  means  of  the  screw,  the  box  may  be  raised  or  lowered,  and  the  axis*  thus  ad- 
justed for  very  slight  derangements  of  the  standards.  For  E»  B,  O,  and  A,  see 
Level,  p  201.    a  is  a  dust-guard  for  the  object-elide. 

Stadia  Hairs.  Immediately  behind  the  capstan  -screw, »,  Fig  1,  is  seen  a 
smaller  one.  This  and  a  similar  one  on  the  opposite  side  of  the  telescope,  work 
in  a  ring  inside  the  telescope,  and  hold  the  ring  in  position.  Across  the  ring  are 
stretched  two  additional  horizontal  hairs,  called  stadia  hairs,  placed  at  such  a 
distance  apart,  vertically,  that  they  will  subtend  say  10  divisions  of  a  graduated  rod 
placed  100  ft  from  the  instrument,  15  divisions  at  150  ft,  Ac.  They  are  thus  used  for 
measuring  hor  and  sloping  distances. 

The  long-  bubble-tube.  F  F,  Fig  1,  enables  us  to  use  the  transit  as  a  lsvel, 
although  it  is  not  so  well  adapted  as  the  latter  to  this  purpose. 
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To  adjust  a  plain  Transit* 

When  either  a  level  or  a  transit  is  purchased,  it  is  a  good  precaution  (but  one 
which  the  writer  has  never  seen  alluded  to)  to  first  screw  the  object-glass  firmly  home 
to  its  place ;  and  then  make  a  short  continuous  scratch  upon  the  ring  of  the  glass,  and 
upon  its  slide ;  so  as  to  be  able  to  see  at  any  time  when  at  work,  that  the  glass  is 
always  in  the  same  position  with  regard  to  the  slide.  For  if,  after  all  the  adjustments 
are  completed,  the  position  of  the  glass  should  become  changed,  (as  It  is  apt  to  be  if 
unscrewed,  and  afterward  not  screwed  up  to  the  same  precise  spot,)  the  adjustments 
may  thereby  become  materially  deranged ;  especially  if  the  object-glass  is  eccentric, 
or  not  truly  ground,  which  is  often  the  case.  Such  scratches  should  be  prepared  by 
the  maker.  In  making  adjustments,  as  well  as  when  using  a  transit  or  level,  be 
careful  that  the  eye-glass  and  object-glass  are  so  drawn  out  that  there  shall  be  no 
parallax.  The  eye-glass  must  first  be  drawn  out  so  as  to  obtain  perfect  distinctness 
of  the  cross-hairs;  it  must  not  be  disturbed  afterward;  but  the  object-glass  must 
be  moved  for  different  distances. 

First,  to  ascertain  tbat  the  babble-tubes,  M  M,  are  placed 
parallel  to  the  vernier-plate,  and  that  therefore  when  both  bubbles  are  in 
the  centers  of  their  tubes  the  axis  of  the  inst  is  vert.  By  means  of  the  four  levelling- 
screws,  K,  bring  both  bubbles  to  the  centers  of  their  tubes  in  one  position  of  the 
inst ;  then  turn  the  upper  parts  of  the  inst  halfway  round.  If  the  bubbles  do  not 
remain  in  the  center,  correct  hatf  the  error  by  means  of  the  two  capstan-screws 
rr:  and  the  other  half  by  the  leveUing-ecrews  K.  fie>eat  the  trial  until  both 
bubbles  remain  in  the  center  while  the  inst  is  being  turned  entirely  around  on 
its  spindle. 

Seeond,  to  see  that  the  standards  have  suffered  no  derange- 
ment ;  that  is,  that  they  are  of  equal  height  and  perpendicular  to  the  vernier- 
plate,  as  they  always  are  when  they  leave  the  makers  hands.  Level  the  inst 
perfectly ;  then  direct  the  intersection  of  the  hairs  to  some  point  of  a  high  object 
(as  the  top  of  a  steeple)  near  by;  clamp  the  inst  by  means  of  screws  H  and  s, 
and  lower  the  telescope  until  the  intersection  strikes  some  point  of  a  low  object. 
(If  there  is  none  such  drive  a  stake  or  chain-pin,  Ac,  in  the  line.)  Then  un- 
clamp  either  H  or  e,  and  turn  the  upper  parts  of  the  inst  half-way  round ;  fix  the 
intersection  again  upon  the  high  point;  clamp;  lower  the  telescope  to  the  low 
point.    If  the  intersection  still  strikes  the  low  point,  the  standards  are  in  order. 


adjusting-block  for  the  axis,  it  should  be  returned  to  the  maker  for  correction  of 
any  derangement  of  the  standards. 

A  transit  may  be  used  for  running  straight  lines,  even  if  the  standards  become 
silghtly  bent,  by  the  process  described  at  the  end  of  the,  fourth  adjustment. 

Third,  to  see  that  the  eross-halrs  are  truly  vert  and  hor 
when  the  inst  Is  level.  When  the  telescope  inverts,  the  cross-hairs  are 
nearer  the  eye-end  than  when  it  shows  objects  erect.  The  maker  takes  care  to  place 
the  cross-hairs  at  right-angles  to  each  other  in  their  ring,  or  diaphragm ;  and  gene- 
rally he  so  places  the  ring  in  the  telescope,  that  when  levelled,  thev  shall  be  vert 
and  hor.  Sometimes,  however,  this  is  neglected ;  or  the  ring  may  by  accident  be- 
come turned  a  little.  To  be  certain  that  one  hair  is  vert,  (in  which  case  the  other 
must,  by  construction,  be  hor,)  after  having  adjusted  the  bubble-tubes,  level  the  in- 
strument carefully,  and  take  sight  with  the  telescope  at  a  plumb-line,  or  other  vert 

straight  edge.  If  the  vert  hair  coincides  with  this  object, 
it  is,  so/ar%  in  adjustment ;  but  it*  not,  then  loosen  slightly 
only  Uoo  adjacent  screws  or  the  four,  pp  i  i,  Fig  1 ;  and 
with  a  knife,  key,  or  other  small  instrument,  tap  very 
___^_  _-^_k        gently  against  the  screw-heads,  so  as  to  turn  the  ring  a 
^mT^^fiL^^^bd     "ttle  in  the  telescope;  persevering  until  the  hair  be- 
W drf/MHffl Mb^         comes  truly  vertical.    When  this  is  done,  tighten  the 
AmgrY^BRL  &       screws.    In  the  absence  of  a  plumb-line,  or  vert  straight 
BUSf  np  edge,   sight   the   cross-hair    at  a   very   small   distinct 

^W  — J —  r^  point;   and  see  if  the  hair  still  cuts  that  point,  when 

V  the  telescope  is  raised  or  lowered  by  revolving  it  on 

Fiir  8,  to  *xk- 

The  mode  of  performing  the  foregoing  will  be  readily 
understood  from  this  Fig,  which  represents  a  section  across  the  top  part  of  the  tele* 
scope,  and  at  the  cross-hairs.  The  hair-ring,  or  diaphragm,  a  ;  vert  hair,  v ;  tele- 
scope tnbe,  g  ;  ring  outside  of  telescope  tube,  d;  6  is  one  of  the  four  capstan-headed 
screws  which  hold  the  hair-ring,  a,  in  its  place,  and  also  serve  to  adjust  it.  The 
lower  ends  of  these  screws  work  in  the  thickness  of  the  hair-ring;  so  that  when 
they  are  loosened  somewhat,  they  do  not  lose  their  hold  on  the  ring.    Small  loose 


i'i      7T, 


192 


THE  ENGINEER'S  TRANSIT. 


,< 


•  V 


washers,  r,  are  placed,  under  the  heads  b  of  the  screws.  A  space  y  y  Is  left  around 
each  screw  where  it  passes  through  the  telescope  tube,  to  allow  the  screws  aud  ring 
together  to  be  moved  a  little  sideways  when  the  screws  b  are  slightly  loosened. 

Fourth,  to  see  that  the  vertical  hair  Is  In  the  line  of  colli- 
■nation.  Plant  the  tripod  firmly  upon  the  ground,  as  at  a.  Level  the  inst; 
clamp  it ;  and  direct  the  vert  hair  by  means  of  tangent-screws  G  (figs.  1  and  2) 
upon  some  convenient  object  h ;  or  if  there  is  none  such,  drive  a  thin  stake,  or  a 
ch  tin-pin.    Then  revolving  the  telescope  vert  on  its  axis,  c 

observe  some  object,  as  e,  where  the  vert  hair  now  strikes ;  g,         a       ^-""^ 

or  if  there  is  none,  place  a  second  pin.    Unolamp  the  inst ru-  « • 

ment  by  the  clamp-screw  H;  and  turn  the  whole  upper  •  "- 

part  of  it  around  until  the  vert  hair  again  strikes  b.  J?ifr,4t 
<  'lamp  again ;  and  again  revolve  the  telescope  vert  on  its 
axis.  If  the  vert  hair  now  Btrikes  c>  as  it  did  before,  it  shows  that  c  is  really 
at  o ;  and  that  o,  a,  c,  are  in  the  same  straight  line;  and  therefore  this  adjustment 
is  in  order.  If  not.  observe  where  it  does  strike,  say  at  m,  (thedist  a  m  being 
taken  equal  to  a  c,)  and  place  a  pin  there  also.  Measure  »e;  and  place  a  pin 
at  v,  in  the  line  m  c,  making  nm-  one-fourth  of  m  c  Also  put  a  pin  at  o,  half- 
way between  m  and  e,  or  In  range  with  a  and  b.  By  means  of  the  two  nor 
screws  that  move  the  ring  carrying  the  cross-hairs,  adjust  the  vert  hair  until  it 
cuts  v.  Now  repeat  the  entire  operation ;  and  persevere  until  the  telescope,  after 
being  directed  to  fc,  shall  strike  the  same  object  o,  both  times,  when  revolved  on 
its  axis.  See  whether  the  movement  of  the  ring  in  this  4th  adjustment  has  dis- 
turbed the  vertically  of  the  hair.  If  it  has,  repeat  the  3d  adjustment.  Then  ra- 
pe it  the  4th,  if  necessary  ;  and  so  on  until  both  adjustments  are  found  to  be  right 
at  the  same  time.  Thus  a  straight  line  may  be  run,  even  if  the  hairs  are  out  of 
adjustment ;  but  with  somewhat  more  trouble.  For  at  each  station,  as  at  «,  two 
back-sights,  and  two  fore-sights,  a  c  and  a  in,  may  be  taken,  as  when  making  the 
adjustment ;  and  the  point  o,  half-way  between  c  aud  m,  will  be  in  the  straight  line. 
The  inst  may  then  be  moved  to  o,  and  the  two  back-sights  be  taken  to  a ;  and  so  on. 

Angles  measured  by  the  transit,  whether  vert  or  hor,  will  evidently  not  be 
affected  by  the  hairs  being  out  of  adjustment,  provided  either  that  the  vert 
hair  is  truly  vert,  or  that  we  use  the  intersection  of  the  hairs  when  measuring. 

The  foregoing-  are  all  the  adjustments  needed,  unless  the  tran- 
sit is  requiredfor  levelling,  in  which  case  the  following  one  must  be  attended  to: 


To  adjust  the  long  babblevtune,  F  F,  Fig.  1,  we  first  place  the  line 

of  sight  of  the  telescope  hor,  and  then  make  the  bubble-tube  hor,  so  that  the 

two  are  parallel.    Drive  two  pegs,  a  and  6  Fig.  5,  with  their  tops  at  precisely 

the  same  level  (see  Rem.  p.  193)  and  at  least  about  100  ft.  apart ;  300  or  more 

will  be  better.    Plant  the  inst  firmly,  in  range  with  them,  as  at  c,  making  6  e 

an  aliquot  part  of  a  b,  and  as  short  as  will  permit  focusing  on  a  rod  at  6.    The 

inst  need  not  be  leveled.    Suppose  the  line  of  sight  to  cut  e  and  d.    Take  the 

readings  b  e  and  a  d.    Their  cuff  is  be  — ad  =  an  —  ad  =  dn;  and  ab:ac: 

dn:ds;  s  being  the  height  of  the  target  at  a  when  the  readings  (a  «,  b  o)  on  the 

d  n  ^  a  c 

two  stakes  are  equal.    a*  =  ad  +  ds  =  ad-{ - — •    If  the  reading  on  a 

ab 

exceeds  that  on  b  (as  when  the  line  of  sight  isvfg)  the diff  of  readings  is  =>  a  g  — 

bf=ag  —  ai  =  gi;  and  as=*ag  —  g s=*ag  —  9-^—r — •    Sight  to  *,  bring  the 

a  a 

bubble  to  the  cen  of  its  tube  by  means  of  the  two  small  nuts  n  n  at  one  end  of  the 

tube,  Fig.  1,  and  assume  that  the  lelescope  and  tube  are  parallel.*    The  ceros  of 

•  Thti  negleota  a  mnall  error  due  to  the  ourvatore  of  the  earth ;  for  a  hor  line  at  v  Is  v  A,  tan> 
gential  to  the  carved  (or  "  level")  surfaoe  of  still  water  at  v,  whereas  v  •  is  tangential  to  water  surf 
at  a  point  mid  tray  between  a  and  6.  Henoe  if  the  telescope  at  v  points  to  •  it  will  not  be  parallel  to 
the  level  bnbble-tube.  To  allow  for  this,  and  for  the  refraction"  by  the  air,  which  diminish**  the 
error,  raise  the  target  on  a  to  a  point  *  above  *.  *  •  =»  .0000000203  x  square  of  a  e  In  ft ;  bat  when 
a  c  Is  850  ft,  h  s  Is  only  about  one  tenth  of  an  inch  and  barely  covers  the  apparent  thickness  of  tin 
cross-hair  In  the  telescope. 
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the  vert  circle,  and  of  its  vernier,  may  now  be  adjusted,  if  they  require  it, 
by  loosening  the  vernier  screws  and  then  moving  the  vernier  until  the  two  coin- 
cide. 

Kern.  If  no  level  is  at  hand  for  levelling  the  two  pegs  a  and  b.  it  may  be  done 
by  the  transit  itself,  thus :  Carefully  level  the  two  short  bubbles,  by  means  of  the 
levelliog-screws  K.  Drive  a  peg  m,  from  100  to  300  feet  from  the  instrument  a. 
Then  placing  a  target-rod  on  m,  clamp  the  target  tight  at  whatever  height,  as  ee, 

■                    ^   ^  the  hor  hair  happens  to'cut  it ;  it  being  of  no  im- 

jvjv -- —    A — -.._   Importance  whether  the  telescope  is  level  or  not; 

I  /l\  """Op  although  it  might  as  well  be  as  nearly  so  as  can 

£■ /  \\  X  conveniently  be  guessed  at.    Clamp  the  telescope 

W»- *-: —  o — ~~~ 9" in  ite  position  by  the  clamp-ring  R,  Fig  1.    Re- 

Flir  ft.  volve  the   inst  a  considerable  way  round;   say 

****  °*  nearly  or  quite  half  way.    Place  another  peg  n, 

at  preciady  the  tame  did  from  the  instrument  that  m  is ;  and  continue  to  drive  it  un- 
til the  hor  hair  cuts  the  target  placed  on  it,  and  still  kept  clamped  to  the  rod,  at  the 
same  height  as  when  it  was  on  m.  When  this  is  done,  the  tops  of  the  two  pegs  are 
on  a  level  with  each  other,  and  are  ready  to  be  used  as  before  directed. 

When  a  transit  is  intended  to  be  used  for  surveying  farmr,  Ac,  or  for  retracing 
lines  of  old  surveys,  it  is  very  useful  to  set  the  compass  so  as  to  allow  for  the  "va- 
riation" daring  the  interval  between  the  two  surveys.  For  this  purpose  a 
**  variation- vernier  "  is  added  to  such  transits;  and  also  to  the  compass. 

When  the  graduations  of  a  transit  are  figured,  or  numbered,  so  as  to  read  both 

K)  0  10 

ways  from  aero,  thus,  n  1 1 1 1 1 1 1 1  i  1 1  h  1 1 1 1 « i  u  I  u  i       the  vernier  also  is  made 

double ;  that  is,  it  also  is  graduated  and  numbered  from  its  zero  both  ways.  In  this 
case,  if  the  angle  is  measured  from  zero  toward  the  right  hand,  the  reading  must  be 
made  from  the  right  hand  half  of  the  vernier;  and  vice  versa.  If  the  figuring  is 
single,  or  only  in  one  direction,  from  aero  to  360°,  then  only  the  single  vernier  is 
necessary,  as  the  angles  are  then  measured  only  in  the  direction  that  the  figuring 
counts.  Engineers  differ  in  their  preferences  for  various  manners  of  figuring  the 
graduations.  The  writer  prefers,  from  aero  each  way  to  180°,  with  two  double  ver- 
niers. 

To  replace  cross-hairs  in  a  level,  or  transit.  Take  out  the  tube 
from  the  eye  end  of  the  telescope.  Looking  in,  notice  which  side  of  the  cross- 
hair diaphragm  is  turned  toward  the  eye  end.  Then  loosen  the  four  screws  which 
hold  the  diaphragm,  so  as  to  let  the  latter  fall  out  of  the  telescope.  Fasten  on  new 
hairs  with  beeswax,  varnish,  glue,  or  gum-arabic  water,  Ac.  This  requires  care. 
Then,  to  return  the  diaphragm  to  its  place,  press  firmly  into  one  of  the  screw-holes 
on  the  circumf  of  the  diaphragm  itself,  the  end  of  a  piece  of  stick,  long  enough  to 
reach  easily  into  the  telescope  as  far  as  to  where  the  diaphragm  belongs.  By  this 
stick,  as  a  handle,  insert  the  diaphragm  edgewise  to  its  place  in  the  telescope,  and  hold 
it  there  until  two  opposite  screws  are  put  in  place  and  screwed.  Then  draw  the  stick 
out  Of  the  bole  in  the  diaphragm ;  and  with  it  turn  the  diaphragm  until  the  same 
side  presents  itself  toward  the  eye  end  as  before;  then  put  in  the  other  two  screws. 

The  so-called  cross-hairs  are  actually  spider-web,  so  fine  as  to  be  barely  visible  to 
the  naked  eye.  Heller  A  Brightly  use  very  fine  platina  wire,  which  is  much  better. 
Human  hair  is  entirely  too  coarse. 

To  replace  a  spirit-level,  or  bubble-glass.  Detach  the  level  from 
the  instrument;  draw  off  its  sliding  ends;  push  out  the  broken  glass  vial,  and  the 
cement  which  held  it ;  insert  the  new  one,  with  the  proper  side  up  (the  upper  side 
is  always  marked  with  a  file  by  the  maker);  wrapping  some  paper  around  its  ends, 
if  it  fits  loosely.  Finally,  put  a  little  putty,  or  melted  beeswax  over  the  ends  of  the 
vial,  to  secure  it  against  moving  in  its  tnbe. 

In  purchasing  instruments,  especially  when  they  are  to  be  used  far  from  a  maker, 
it  is  advisable  to  provide  extras  of  such  parts  as  may  be  easily  broken  or  lost ;  such 
as  glass  compass-covers,  and  needles;  adjusting  pins;  level  vials;  magnifiers,  Ac. 


Theodolite  adjustments  are  performed  like  those  of  the  level  and  transit. 

1st.  That  of  the  cross-hairs ;  the  same  as  in  the  level. 

2d.  The  long  bubble-tube  of  the  telescope ;  also  as  in  the  level. 

3d.  The  two  short  bubble-tubes ;  as  in  the  transit. 

4th  The  vernier  of  the  vert  limb ;  as  in  the  transit  with  a  vert  circle. 

5th.  To  see  that  the  vert  hair  travels  vertically ;  as  in  the  fourth  adjustment 
of  the  transit.  In  some  theodolites,  no  adjustment  is  provided  for  this;  but  in 
large  ones  it  is  provided  for  by  screws  under  the  feet  of  the  standards. 

Sometimes  a  second  telescope  is  added ;  it  is  placed  below  the  hor  limb,  and  is 
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willed  a  watcher.  It  has  its  own  clamp,  and  tangent-screw.  Its  use  is  to  ascertain 
whether  the  zero  of  that  limb  has  moved  during  the  measurement  of  hor  angles. 
When,  previously  to  beginning  the  measurement,  the  zero  and  upper  telescope  are 
directed  toward  the  first  object,  point  the  lower  telescope  to  any  small  distant 
object,  and  then  clamp  it.  During  the  subsequent  measurement,  look  through  it, 
from  time  to  time,  to  be  sure  that  it  still  strikes  that  object ;  thus  proving  that  no 
slipping  has  occurred. 


■>  »  ■» 


THE  BOX  OR  POCKET  SEXTANT. 


The  portability  of  the  pocket  sextant,  and  the  fact  that  it  reads  to  single  minutes, 
render  it  at  times  very  useful  to  the  engineer.*  By  it,  angles  can  be  measured  while 
in  a  boat,  or  on  horseback ;  and  in  many  situations  which  preclude  the  use  of  a 
transit  It  is  useful  for  obtaining  latitudes,  by  aid  of  an  artificial  horizon.  When 
closed,  it  resembles  a  cylindrical  brass  box,  about  8  inches  in  diameter,  an*  1% 
inches  deep.  This  box  is  in  two  parts: 
by  unscrewing  which,  then  inverting 
one  part,  and  then  screwing  them  to- 
gether again,  the  lower  part  becomes  a 
handle  for  holding  the  instrument. 
Looking  down  upon  its  top  when  thus 
arranged,  we  see,  as  in  this  figure,  a 
movable  arm  I  C,  called  the  Index, 
which  turns  on  a  center  at  C,  and  car- 
ries the  vernier  V  at  its  other  end.  Q 
ti  is  the  graduated  arc  or  limb.  It 
actually  subtends  about  73°,  but  is  di- 
vided into  about  146°.  Its  zero  is  at 
one  end.  Its  graduations  are  not  shown 
in  the  Fig. 

Attached  to  the  index  ia  a  small  mov- 
able lens,  (not  shown  in    the  figure,) 
likewise  revolving  around  C,  for  read- 
ing the  fine  divisions  of  the  linib.  When 
measuring  an  angle,  the  index  is  moved 
by    turning  the  milled-head   P  of  a 
pinion,  which  works  in  a  rack  placed  within  the  box.    The  eye  is  applied  to  a  cir- 
cular hole  at  the  side  of  the  l>oxt  near  A.    A  small  telescope,  about  3  inches  long, 
accompanies  the  instrument;  but  may  generally  be  dispensed  with.    When  so,  the 
eye- hole  at  A  should  be  partially  closed  by  a  slide  which  has  a  very  small  eye-hole 
in  it;  and  which  is  moved  by  the  pin  A,  moving  in  the  ourved  slot.    Another  slide, 
at  the  side  of  the  box,  carries  a  dark  glass  for  covering  the  eye-hole  when  observing 
the  sun.    When  the  telescope  is  used,  it  is  fastened  on  by  the  milled-head  screw  T. 
The  top  part  shown  in  our  figure,  can  be  separated  from  the  cylindrical  part,  by 
removing  3  or  4  small  screws  around  its  edge ;  and  the  interior  can  then  be  exam- 
ined, and  cleaned  if  necessary.    Like  nautical,  and  other  sextants,  this  one  has 
two  principal  glasses,  both  of  them  mirrors.    One,  the  index-frlaas.  is  attached 
to  the  underside  of  the  index,  at  C;  its  upper  edge  being  indicated  by  the 
two  dotted  lines.     The  other,  the  norison-frlass,  (because,  when  meas- 
uring the  vert  angles  of  celestial  bodies,  it  is  directed  toward  the  horizon,)  is  also 
within  the  box;  the  position  of  its  upper  edge  being  shown  by  the  dotted  lines  at 
R.    The  horizon-glass  is  silvered  only  half-way  down ;  so  that  one  of  the  observed 
objects  may  be  seen  directly 'through  its  lower  half,  while  the  image  of  the  other 
object  is  seen  in  the  upper  half,  reflected  from  the  index-glass.   That  the  instrument 
m*y  be  in  adjustment,  ready  for  use,  these  two  glasses  must  be  at  right  angles  to  tbs 
plane  of  the  instrument ;  that  is,  to  the  under  side  of  the  top  of  the  box,  to  which  they 
are  attached ;  and  must  also  be  parallel  to  each  other,  when  the  zeros  of  the  vernier 
and  of  the  limb  coincide.    The  index-glass  is  already  permanently  fixed  by  the 
maker,  and  requires  no  other  adjustment.    But  the  horizon-glass  has  two  adjust- 
ments, which  are  made  by  a  key  like  that  of  a  watch,  and  having  a  milled-head  K. 
It  is  screwed  into  the  top  of  the  box,  so  as  to  be  always  at  hand  for  use.    When 
needed,  it  is  unscrewed.    This  key  fits  upon  two  small  square-heads,  (like  that  for 
» ■  i  ■  ■  — .  .       I...        i. .  - .  .■         ...I      . .  ■» 

•  Pries,  wtth  tetoaoope,  about  tOO.    Made  by  BtMipolo  *  Bro.,  41  Pottos  8t ,  N«w  Ysrfc, 
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winding  a  watch ;)  one  of  which  is  shown  at  8 ;  while  the  other  is  near  it,  but  on  the 
bid*  of  the  box.  These  squares  are  the  heads  of  two  small  screws.  If  the 
horizon  glass  H  should,  04  in  this  sketch,  (where  it  is  shown  endwise,)  not  be  at 
right  angles  to  the  top  U  V  of  the  box,  it  is  brought  right  by  turning  the  square- 
head 8  of  the  screw  S  T ;  and  if,  after  being  so  far  rectified,  it  still  is  not  parallel  to 

th*  index-glass  when  the  zeros  coincide,  it  is  moved 
a  little  backward  or  forward  by  the  square  head 
at  the  side. 

To  adjust  a  box  sextant,  bring  the  two 
zeros  to  coincide  precisely ;  then  look  through  the 
eye-hole,  and  the  lower  or  unsilvered  part  of  the 
horizon-glass,  at  some  distant  object.  If  the  instru- 
ment is  in  adjustment,  the  object  thus  seen  directly, 
will  coincide  precisely  with  its  reflected  image, 
seen  at  the  same  time,  at  the  same  spot.  But  if  it 
is  not  in  adjustment,  the  two  will  appear  separated 
either  hor  or  vert,  or  both,  thus,  *  *;  in  which  case 
apply  the  key  K  to  the  square-head  S ;  and  by  turning  it  slightly  in  whichever  direc- 
tion may  be  necessary,  still  looking  at  the  olycct  and  its  image,  bring  the  two  into  a  hor 
position,  or  on  a  level  with  each  other,  thus,  *  *.  Then  apply  the  key  to  the  square- 
head in  the  side  of  the  box;  and  by  turning  it  slightly,  bring  the  two  to  coincide 
perfectly.    The  instrument  is  then  adjusted. 

In  some  instruments,  the  hor  glass  has  a  hinge  at  t>,  to  allow  it  play  while  being 
adjusted  by  the  Bingle  screw  S  T ;  but  others  dispense  with  this  hinge,  and  use  two 
screws  like  8  on  top  of  the  box,  in  addition  to  the  one  In  the  side. 

if  a  sextant  U  used  for  measuring  vert  angles  by  means  of  an  Artificial 
■orison,  the  actual  altitude  will  be  but  one-half  of  that  read  off  on  the 
limb ;  because  we  'then  read  at  once  both  the  actual  and  the  reflected  angle.  The 
great  objection  to  the  sextant  for  engineering  purposes,  is  that  it  does  not  measure 
angles  horizontally,  as  the  transit  does ;  unless  when  the  observer,  and  the  two  ob- 
jects happen  to  be  in  the  same  hor  plane. 
Thus  an  observer  with  a  sextant  at  A,  if 
measuring  the  angle  subtended  by  the 
mountain-peaks  B  and  C,  must  hold  the 
graduated  plane  of  the  sextant  in  the 
plane  of  A  B  C ;  and  must  actually  meas- 
jtt       ^.-'      •  ""         ;  ure  the  angle  BAC;   whereas  what  he 

gfk  •£.'-'- •  wants  is  the  hor  angle  »A*t.    This  is 

rjF *'m      greater  than  BAC,  because  thedisU  As 

A  and  A  m  are  shorter  than  A  B  and  A  G. 

The  transit  gives  the  hor  angle  n  A  m,  be- 
cause its  graduated  plane  is  first  fixed  hor  by  the  levelling-screws:  and  the  subse- 
quent measurement  of  the  angle  is  not  affected  by  his  directing  merely  the  line  of 
sight  upward,  to  any  extent,  in  order  to  fix  it  upon  B  and  C.  For  more  on  this  sub- 
ject ;  and  for  a  method  of  partially  obviating  this  objection  to  the  sextant,  see  the 
note  to  Example  2,  Case  4,  of  "  Trigonometry,"  page  113. 

The  suasjtleal  sextant,  used  on  ships,  is  constructed  on  the  same  principle 
as  the  box  sextant ;  and  its  adjustments  are  very  similar.  In  it,  also,  the  index- 
glass  Is  permanently  fixed  by  the  maker;  and  the  horizon-glass  has  the  two  adjust- 
ments of  the  box  sextant.  It  also  has  its  dark  glasses  for  looking  at  the  sun ;  and 
a  small  sight-bole,  to  be  used  when  the  telescope  is  dispensed  with. 


THE  COMPASS. 


To  adjust  a  Compass. 

The  first  adjustment  is  that  of  the  bubbles.  Plant  firmly ;  and  level  the 
Instrument,  in  any  position :  that  is,  bring  the  bubbles  to  the  centers  of  their  tubes. 
Then  turn  the  instrument  half-way  round.  If  the  bubbles  then  remain  at  the  cen- 
ters, they  are  in  adjustment;  but  if  not,  correct  one-half  the  diff  in  each  bubble, 
by  means  of  the  adjusting-screws  of  the  tubes.  Level  the  instrument  again ;  turD 
it  half  round ;  and  if  the  babbles  still  do  not  remain  at  the  center,  the  adjusting- 
screws  most  be  again  moved  a  little,  so  as  to  rectify  half  the  remaining  diff.  Gener- 
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ally  several  trials  miwt  be  thus  made,  until  the  bubbles  will  remain  at  the  center; 
while  the  compass  is  being  turned  entirely  around. 

Second  adjustment.  Level  the  compass,  and  then  see  that  the  needle  is 
hor ;  and  if  not,  make  it  so  by  means  of  the  small  piece  of  wire  which  is  wrapped 
around  it ;  sliding  the  wire  toward  the  high  end.  A  needle  thus  horizontally  ad- 
justed at  one  place,  will  not  remain  so  if  removed  far  north  or  south  from  that  place. 
If  carried  to  the  north,  the  north  end  will  dip  down ;  and  if  to  the  south,  the  south 
end  will  do  so.    The  sliding  wire  is  intended  to  counteract  this. 

Third  adjustment*  'This  is  always  fixed  right  at  first  by  the  maker;  that 
is,  the  sights,  or  slits  for  sighting  through,  are  placed  at  right  angles  to  the  compass 
plate ;  so  that  when  the  latter  is  levelled  by  the  bubbles,  the  sights 
are  vert.  To  test  whether  they  are  so,  hang  up  a  plumb-line ;  and 
having  levelled  the  compass,  take  sight  at  the  line,  and  see  if  the 
slits  coincid3  with  it.  If  one  or  both  slits  should  prove  to  be 
out  of  plumb,  as  shown  to  an  exaggerated  extent  in  this  sketch, 
it  should  be  unscrewed  from  the  compass,  and  a  portion  of  its  foot 
on  the  high  side  be  filed  or  ground  off,  as  per  the  dotted  line;  or 
as  a  temporary  expedient,  a  small  wedge  may  be  placed  under  the 
low  side,  so  as  to  raise  it. 

Four  to  adjustment,  to  straighten  the  needle,  if  it  should  become  bent. 
The  compass  being  levelled,  and  the  needle  hor,  and  loose  on  its  .pivot,  see  whether 
its  two  ends  continue  to  point  to  exactly  opposite  graduations,  (that  is,  graduations 
180°  apart;)  while  the  compass  is  turned  completely  around.  If  it  does,  the  needle 
is  straight ;  and  its  pin  is  in  the  center  of  the  graduated  circle ;,  but  if  it  does  not, 
then  one  or  both  of  these  require  adjusting.  First  level  the  compass.  Then  turn  it 
until  some  graduation  (say  90°)  comes  precisely  to  the  north  end  of  the  needle.  If 
the  south  end  does  not  then  point  precisely  to  the  opposite  90°  division,  lift  off  the 
needle,  and  bend  the  pivot-point  until  it  does ;  remembering  that  every  time  said 
point  is  bent,  the  compass  must  be  turned  a  hairsbruadth  so  as  to  keep  the  north  end 
of  the  needle  at  its  90°  mark.  Then  turn  the  compass  half-way  round,  or  until  the 
opposite  90°  mark  comes  precisely  to  the  north  end  of  the  needle.  Make  a  fine  pen* 
cil  mark  where  the  south  end  of  the  needle  now  points.  Then  take  off  the  needle, 
aud  bend  it  until  its  south  end  points  half-way  between  its  90°  mark  and  the  pencil 
mark,  while  its  north  end  is  kept  at  90°  by  moving  the  compass  round  a  hairsbreadth. 
The  needle  will  then  be  straight,  and  must  not  be  altered  in  making  the  following 
adjustment,  although  it  will  not  yet  cut  opposite  degrees. 

Fifth  adjustment,  of  the  pivot-pin.  After  being  certaiu  that  the  needle  is 
straight,  turn  the  compass  around  until  a  partis  arrived  at  where  the  two  ends  of  the 
needle  happen  to  «nt  opposite  degrees.  Then  turn  the  compass  quarter  way  around, 
or  through  90°.  If  the  needle  then  cuts  opposite  degrees,  the  pivot-point  is  already 
in  adjustment;  but  if  the  needle  does  not  so  cut,  bend  the  pivot-point  until  it  does. 
Repeat,  if  necessary,  until  the  needle  cuts  opposite  degrees  while  being  turned  entirely 
around. 

Care  and  nicety  of  observation  are  necessary  in  making  these  adjustments  properly ; 
because  the  entire  error  to  be  rectified  is,  in  itself, a  minute  quantity ;  and  the  novice 
is  very  apt  to  increase  his  trouble  by  not  knowing  how  to  use  his  nMafrnifier, 
when  looting  at  the  end  of  the  needle  and  the  corresponding  graduations.  The  mag- 
nifier must  always  be  held  with  its  center  directly 'over  the  point  to  be  examined:  and 
it  must  be  held  parallel  to  the  graduated  circle.  Otherwise  annoying  errors  of 
several  minutes  will  be  made  in  a  single  observation ;  and  the  accumulation  of  two 
or  three  such  errors,  arising'  from  a  cause  unknown  to  him,  may  compel  him  to 
abandon  the  adjustments  in  despair.  This  suggestion  applies  also  to  the  reading  of 
angles  taken  by  the  transit,  Ac ;  although  the  errors  are  not  then  likely  to  be  so 
great  as  in  the  case  of  the  compass.  In  purchasing  a  magnifier  for  a  compass,  see 
that  no  part  of  it,  as  hinges,  or  rivets,  are  made  of  iron ;  for  such  would  change  the 
direction  of  the  needle. 

If  the  sight-slits  of  a  compass  are  not  fixed  by  the  maker  in  line  with  the  two 
opposite  zeros,  the  engineer  cannot  remedy  the  defect.  This  can  be  ascertained  by 
passing  a  piece  of  fine  thread  through  the  slits,  and  observing  whether  it  stands 
precisely  over  the  zeros. 

Variation  or  the  Compos*.* 

The  numerous  disturbing  influences  to  which  the  compass  is  subject,  render  its 

•  For  full  information  on  thle  subject  aee  that  naeftil  little  book  "  Magnetlo  Variation  la  the  U  sy 
by  J  B  fttvne,  OtE,  1878. ..  It  la  invaluable  in  >  retracing  old  use*. 
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indications  of  bearings  or  conrses  very  unreliable*  The  dally  variation  itself  some- 
times  amounts  to  %  of  a  degree ;  and  always  to  at  least  several  minutes.  It  is  almost 
incessantly  changing  the  direction  of  the  needle,  to  one  side  or  the  other,  at  the  rate 
of  1  or  2  minutes  per  hour,  especially  in  summer.  Local  attraction,  from  iron  in  the 
soil,  ferruginous  gravel,  trap  rocks,  Ac,  is  another  source  of  inaccuracy;  as  are  also 
the  annual  and  the  secular  variations.  Electricity,  either  atmospheric,  or  excited 
by  rubbing  the  glass  cover,  sometimes  gives  trouble.  It  may  be  removed  by  touch- 
ing the  glass  with  the  moist  tongue,  or  finger.  It  is  plain  that  none  of  these  causes 
(except  the  last)  will  affect  the  measurement  of  angles  by  the  compass. 

In  1885  the  line  of  no  variation  enters  the  U.  S.  near  the  N  end  of 
Lake  Superior;  passes  through  the  Straits  of  Mackinaw ;  40  m  W  of  Detroit,  Mich ; 
50  m  E  of  Columbus,  O;  and  reaches  the  Atlantic  about  half  way  between  Charles- 
ton, S  C,  and  Wilmington,  N  C.  A  compass  placed  anywhere  in  the  vicinity  of  that 
line,  will  point  nearly  due  north  and  south.  To  the  eastward  of  this  line.,  the  varia- 
tion is  westward ;  and  vice  versa;  becoming  greater,  the  farther  the  place  is  from 
the  line;  until  in  some  parts  of  Maine  and  along  the  Pacific  coast  it  is  as  great  as 
18°  to  21°.  This  line  is  moving  westward,  at  an  average  rate  of  about  3  or  4  min- 
utes per  year. 

The  needle,  if  of  toft  metal,  sometimes  loses  part  of  its  magnetism,  and  consequently 
does  not  work  well.  It  may  be  restored  by  simply  drawing  the  north  pole  of  a 
common  magnet  (either  straight  or  horseshoe)  abont  a  dozen  times,  from  the  center 
to  the  end  of  the  south  half  of  the  needle ;  and  the  south  pole,  in  the  same  way,  along 
the  north  half;  pressing  the  magnet  gently  upon  the  needle.  After  each  stroke, 
remove  the  magnet  several  inches  from  the  needle,  while  bringing  it  back  to  the 
center  for  making  another  stroke.  Each  half  of  the  needle  in  turn,  while  being  thus 
operated  on,  should  be  held  flat  upon  a  smooth  hard  surface.  Sluggish  action  of  the 
needle  is,  however,  more  generally  produced  by  the  dulling  or  other  injury  of  the 
point  of  the  pivot.  Remagnetizing  will  throw  the  needle  out  of  balance;  which  must 
be  counteracted  by  the  sliding  wire. 

In  order  to  prevent  mistakes  by  reading  sometimes  from  one  end, 
and  sometimes  from  the  other  end  of  the  needle,  it  is  best  to  always  point  the  N  of 
the  compass-box  toward  the  object  whose  bearing  is  to  be  taken;  and  to  read  off 
from  the  north  end  of  the  needle.    This  is  also  more  accurate. 


CONTOUR  LINES. 


A  CONTOUB  linb  is  a  cnrved  hor  one,  every  point  in  which  represents  the  same  level ; 
thus  each  of  the  contour  lines  88c,  9lc,  94c,  Ac,  Fig  1,  indicates  that  every  point  in 
the  ground  through  which  it  is  traced  is  at  the  same  level ;  and  that  that  level  or 
height  is  everywhere  88,  91,  or  94  ft  above  a  certain  other  level  or  height  called 
datum  ;  to  which  all  others  are  referred. 

Frequently  the  level  of  the  starting  point  of  a  survey  is  taken  as  being  0,  or  zero, 
or  datum ;  and  if  we  are  sure  of  meeting  with  no  points  lower  than  it,  this  answers 
every  purpose.  But  if  there  is  a  probability  of  many  lower  points,  it  is  better  to 
assume  the  starting  point  to  be  so  far  above  a  certain  supposed  datum,  that  none  of 
these  lower  points  shall  become  minus  quantities,  or  below  said  supposed  datum  or 
sero.  The  only  object  in  this  is  to  avoid  the  liability  to  error  which  arises  when 
some  of  the  levels  are  +,  or  plus ;  and  some  — ,  or  minus.  Hence  we  may  assume 
the  level  of  the  starting  point  to  be  10,  100,  1000,  Ac,  ft  above  datum,  according  to 
circumstances. 

The  vert  dists  between  each  two  contour  lines  are  supposed  to  be  equal ;  and  in 
railroad  surveys  through  well-known  districts,  where  the  engineer  knows  that  his 
actual  line  of  survey  will  not  require  to  be  much  changed,  the  dist  may  be  1  or  2  ft 
only  ;  and  the  lines  need  not  be  laid  down  for  widths  greater  than  100  or  200  ft  on 
each  side  of  his  center-stakes.  But  in  regions  of  which  the  topography  is  compara- 
tively unknown ;  and  where  consequently  unexpected  obstacles  may  occur  which 
require  the  line  to  be  materially  changed  for  a  considerable  dist  back,  the  observa- 
tions should  extend  to  greater  widths ;  and  for  expedition  the  vertical  dists  apart 
may  be  increased  to  3,  5,  or  even  10  ft,  depending  on  the  character  of  the  country, 
Ac.  Also,  when  a  survey  is  made  for  a  topographical  map  of  a  State,  or  of  a  county, 
vert  dists  of  6  or  10  ft  will  generally  suffice. 

Let  the  line  A  B,  Fig  1,  starting  from  0,  represent  three  stations  (S  1,  S  2,  S  3,)  of 
the  center  line  of  a  railroad  survey ;  and  let  the  nifmbers  100, 103, 101, 104,  along 
that  line  denote  the  heights  at  the  stakes  above  datum,  as  determined  by  levelling. 
Then  the  use  of  the  contour  lines  is  to  show  in  the  office  what  would  be  the  effect 
of  changing  the  surveyed  center  line  A  B,  by  moving  any  part  of  it  to  the  right  or 
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left  hand.4*  Thus,  if  it  should  be  moved  100  ft  to  the  left,  the  starting  point  O  would 
be  on  ground  about  6  ft  higher  than  at  present ;  inasmuch  as  its  level  would  then 
be  about  106  ft  above  datum,  instead  of  100.  Station  1  would  be  about  7  ft  higher, 
or  110  ft  instead  of  103.  Station  2  would  be  about  7  ft  higher,  or  108  ft  instead  of 
101.    If  the  line  be  thrown  to  the  right,  it  will  plainly  be  on  lower  ground. 

The  field  observations  for  contour  lines  are  sometimes  made  with  the  spirit-level; 
but  more  frequently  by  a  slope-man,  with  a  straight  12-ft  graduated  rod,  and  a  slope 
instrument,  or  clinometer.    At  each  station  he  lays  his  rod  upon  the  ground,  as 


B 


nearly  at  right  angles  to  the  center  line  A  B  as  he  can  judge  by  eye ;  and  placing 
the  slope  instrument  upon  it,  he  takes  the  angle  of  the  slope  of  the  ground  to  the 
nearest  %  of  a  degree.  He  also  observes  how  far  beyond  the  rod  the  slope  continues 
the  same ;  and  with  the  rod  he  measures  the  dist.    Then  laying  down  the  rod  at  that 

Koint  also,  he  takes  the  next  slope,  and  measures  its  length ;  and  so  on  as  far  as  may 
e  judged  necessary.  His  notes  are  entered  in  his  field-book  as  shown  in  Fig  2 ;  the 
angles  of  the  slopes  being  written  above  the  lines,  and  their  lengths  below ;  and 
should  be  accompanied  by  such  remarks  as  the  locality  suggests;  such  as  woods, 
rocks,  marsh,  sand,  field,  garden,  across  small  run,  Ac,  Ac. 


•  In  thus  using  the  word*  right  and  left  we  are  supposed  to  have  oar  becks  turned  to  the  starting 
point  of  the  survey.  In  ft  river,  the  right  bank  or  shore  is  that  which 
tec 

tank, 


Jim  ui  inu  survey,      mis   n  rsws*  «uv   iiftB*   ■»«•■■■*  *»»  wwo  *»  i>u»*  «*u«vw 

oft  the  right  hand  as  we  fJeseend  it,  that  is.  in  speaking  of  its  right  or  left 
ink,  ire  are  supposed  to  have  ear  backs  turned  towards  its  bead,  or  origin ;  and  so  with  a  surer. 
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84-       70 


It  is  not  absolutely  necessary  to  represent  the  slopes  roughly  in  the  field-book,  84 
in  Fig  2;  for  by  using  the  sign  ■+■  to  signify  "up;"  — "down;"  and  =  "level," 
the  slopes  may  be  writ- 
ten in  a  straight  line, 
as  in  Fig  1\C 

The  notes  naving  been 
taken,  the  preparation 
of  the  contour  lines  by 
means  of  them,  is  of 
course  office- work;  and 
is  usually  done  at  the 
same  time  as  the  draw- 
ing of  the  map,  Ac.  The 
field  observations  at  each 
station  are  then  sepa- 
rately drawn  by  protrac- 
tor and  scale,  as  shown 
in  Fig  3  for  the  starting 
point  O.  The  scale  should  not  be  less  than  about  -f%  inch  to  a  ft,  if  anything  like 
accuracy  is  aimed  at.  Suppose  that  at  said  station  the  slopes  to  the  right,  taken  in 
their  order,  are,  as  in  Fig  2,  15°,  4°,  and  26°;  and  those  to  the  left,  20°,  10°,  and  16° ; 
and  their  lengths  as  in  the  same  Fig.  Draw  a  hor  line  Ao,  Fig  3;  and  consider  tlie 
center  of  it  to  be  the  station-stake.  From  this  point  as  a  center,  lay  off  these  angles 
with  a  protractor,  as  shown  on  the  arcs  in  Fig  3.  Then  beginning  say  on  the  right 
hand,  with  a  parallel  ruler  draw  the  first  dist  a  c,  at  its  proper  slope  of  15° ;  and  of 
its  proper  length,  45  ft,  by  scale.  Then  the  same  with  c  y  and  y  t.  Do  the  same  with 
those  on  the  left  hand.  We  then  have  a  cross-section  of  the  ground  at  Sta  O.  Then 
on  the  map,  as  in  Fig  1,  draw  a  line  as  m  n,  or  h  to,  at  right  angles  to  the  line  of  road, 
and  passing  through  tha  station-stake.  On  this  line  lay  down  the  hnr  dists  ad,ds,sv, 
atytffiffk,  marking  them  with  a  small  star,  as  is  done  and  lettered  in  Fig  1,  at  Sta  O. 

When  extreme  accuracy  is  pretended  to,  these  hor  diets  must  be  found  by  measure 
en  Fig  3;  but  as  a  general  rule  it  will  be  near  enough,  when  the  slopes  do  not  ex- 
ceed 10°,  to  aesume  them  to  be  the  same  as  the  sloping  dists  measured  in  the  field. 
Next  ascertain  how  high  each  of  the  points  cy  Unite  above  datum.  Thus,  measure 
by  scale  the  vert  dist  ae.  Suppose  it  is  found  to  be  6  ft ;  or  in  other  words,  that  0 
hi  &  ft  bSLovy  station-stake  0.  Then  since  the  level  at  stake  0  is  100  ft  above  datum, 
that  at  c  must  be  5  ft  /est,  or  100  —  6  =  95  ft  above  datum;  which  may  be  marked  in 
light  lead-pencil  figures  on  the  map,  as  at  d,  Fig  1.  Next  for  the  point  y,  suppose 
we  find  *  y  to  be  11  ft,  or  y  to  be  11  ft  below  stake  O;  then  its  height  above  datum 
must  be  100  — 11  =  89 ;  which  also  write  in  pencil,  as  at «.  Proceed  in  the  same 
way  with  t.  Next  going  to  the  left  hand  of  the  station-stake,  we  find  el  to  be  say 
2  ft ;  but  I  is  above  the  level  of  the  station-tstake,  therefore  its  height  above  datum  is 


100  -f-  2  =  102  ft,  as  figured  at  e  on  the  map.  Let  ng  be  5  ft;  then  is  »,  10Q.  +  6  = 
105  ft  above  datum,  as  marked  at  g ;  and  so  on  at  each  station.  When  this  has  been 
done  at  several  stations,  we  may  draw  in  the  contour  lines  of  that  portion  by  hand 
thus:  Suppose  they  are  to  represent  vert  heights  of  3  ft.  Beginning  at  Station  O 
(of  which  the  height  above  datum  is  100  ft)  to  lay  down  a  contour  line  103  ft  above 
datum,  we  see  at  once  that  the  height  of  103  ft  must  be  at  t,  or  at  \i  the  dist  from  e 
to  g.  Make  a  light  lead-pencil  dot  at  t;  and  then  go  to  the  next  Station  1.  Here 
we  see  that  the  height  of  103  ft  coincides  with  the  station-stake  itself;  place  a  dot 
there,  and  go  to  Sta  2.    The  level  at  this  stake  is  101 ;  therefore  the  contour  for  103 
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ft  must  evidently  he  2  ft  higher,  or  at  t,  %  of  the  dirt  from  8ta  2  to  +104 ;  therefor* 
make  a  dot  at  i.  Then  go  to  Sta  &.  Here  the  level  being  104  above  datum,  the  con- 
tour of  103  must  be  at  y,  or  £  of  the  dist  from  Sta  3  to  +99 ;  put  a  dot  at  y.  Finally 
draw  by  hand  a  curving  line  through  t,  SI,  t,  and  y ;  and  the  contour  line  of  103  ft 
it  done.  All  the  others  are  prepared  in  the  same  way,  one  by  one.  The  level  of  each 
must  be  figured  upon  it  at  short  intervals  along  the  map,  as  at  103  c,  106c,  Ac. 

Or,  instead  of  first  placing  the  +  points  on  the  map,  to  denote  the  slope  diets  actu* 
ally  measured  upon  the  ground,  we  may  at  once,  and  with  less  trouble,  find  and  show 
those  only  whioh  represent  the  points  t,  S 1,  *',  y,  Ac,  of  the  contours  themselves. 
Thus,  say  that  at  any  given  station-stake,  Fig  4,  the  level  is  104 ;  that  the  cross-eec- 
tion  c  i  of  the  ground  has  been  prepared  as  before ;  and  that  we  want  the  hor  dista 
from  the  stake,  to  contour  lines  for  94, 97, 100  ft,  Ac,  3  ft  apart  vert. 
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Draw  a  vert  line  v  I,  through  the  station-stake,  and  on  it  by  scale  mark  levels  of 
94,  97, 100,  Ac.  it.  This  is  readily  done,  inasmuch  as  we  have  the  level  104  of  the 
stake  already  given.  Through  these  levels  draw  the  hor  lines  a,  6,  m,  n,  Ac  to  the 
ground-slopes.  Then  these  lines,  measured  by  the  scale,  plainly  give  the  required 
dists. 

When  the  ground  is  very  irregular  transversely,  the  cross-sections  must  be  taken 
In  the  field  nearer  together  than  100  ft.  The  preparation  of  contour  lines  will  be 
greatly  facilitated  by  the  use  of  paper  ruled  into  small  squares  of  not  less  than  about 

■j*£  inch  to  a  side,  for  drawing  the  cross-sections  upon. 

When  the  ground  is  very  steep,  it  is  usual  to  shade  such  portions  of  the  map  to 
represent  hill-side.  The  closer  together  the  contours  come,  the  steeper  of  course  is 
the  ground  between  them;  and  the  shading  should  be  proportionally  darker  at  such 
portions.    But  for  working  maps  it  is  best  to  omit  the  shading. 

In  surveys  of  wide  districts,  the  transit  instrument  with  a  graduated  vertical  cir- 
cle or  arc,  g,  p.  188,  is  used  for  measuring;  the  angles  of  slope, instead  of  the  common 
slope-instrument.* 


*  The  preparing  of  contour  lines  ia  a  slow  and  tedious  office-work ;  and  the  writer  consider*  them 
of  but  little  value  in  many  oases ;  as  when  they  are  taken  for  only  about  100  ft  on  each  aide  of  the 
line,  with  reference  to  slight  changes  of  direction.  He  conceives  that,  ordinarily,  every  useful  purpose 
is  fulfilled  if  the  leveller  or  the  topographer  enters  into  his  field-book  at  each  station,  note*  similar 
to  the  following: 

Sta 60 —  3.  IB.    f2.lL, 

61 +  2.2R.    —  1.3L. 

62 =  1.R.  +  4.2L. 

63 ••  M 

Whioh  means  that  at  station  60,  the  slope  of  the  ground  on  the  right,  as  nearly  as  be  can  judge  by 
eye,  or  by  his  hand-level,  is  about  S  ft  downward,  for  1  chain,  or  100  ft;  and  on  the  left,  about  t  ft 
upward  in  1  chain.  At  61.  2  ft.  up,  in  2  chains  to  the  right;  and  1  ft  down  in  S  chains  to  the  left. 
At  62,  level  for  1  chain  to  the  right ;  and  ascending  4  ft  in  2  chains  to  the  left.  At  63,  the  same  as  at 
62.  At  some  spots  it  will  be  well  to  add  a  sketch  of  a  cross-section,  like  Fig  »;  only,  instead  of  the 
angles,  use  ft  of  rise  or  fall,  to  indicate  the  slopes,  as  judged  by  eye,  or  by  a  band-level.  By  this 
method,  the  result  at  every  station  will  be  somewhat  in  error;  but  these  small  errera  wfll  balance 
each  other  so  nearly  that  the  total  may  be  regarded  as  sufficiently  eorreet  for  all  the  pnrpoaes  of  • 
preliminary  estimate  of  the  cost  of  a  road.  When  the  final  stakes  for  guiding  the  workmen  are  placed, 
the  slopes  should  be  carefully  taken,  in  order  to  calculate  the  quantity  of  excavation  acewretety  fbr 
payment 
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THE  LEVEL. 

AtTHOUOB  the  levels  ofdlfferent  makers  vary  somewhat  In  their  details,  still  their 

naqH  two  supports  YY,  called  Ys;  ont  of  which"!!  tult  lifted^  Ins  nmsviui 

The  pina  should  be  lied  to  the  Ya,  bjr  pieces  ofslrlng,  to  prevent  their  being  lost 
The  tiiiie  of  thci  ohyrt-gtfM  {.),  is  movi*l  hQrfcwar.1  or  rurwjrd  l.y  n  rack  and  pinion, 

warbTthe  milled  bead  <s.  A  cylindrical  lute  of  brass,  colled  a  stoat  la  ZS J 
furnished  with  each  level.  It  ij  Intended  lo  be  slid  on  to  the  gtyeot-eitd  0  of  the 
telescope,  to  prevent  the  glare  of  the  eun  upon  the  object-glass,  when  the  suu  la  ' 
low.  At  B  it  an  outer  ring  encircling  the  telescope,  and  carrying  i  small  capstan- 
headed  screws;  two  of  w£lch,pp,  are  at  top  and  bottom;  while  the  other  !>'". 
of  which  ( la  one,  an  at  the  aides,  and  at  right  angles  tup  p.  Inside  of  this  outer 
ring  is  another,  inside  of  the  telescope,  an  " 


nearly  Tort,  whicb  la  absolutely  essential  for  comet  If  villi  ng  If  perfect  vertically 
Is  desired,  aa  Is  sometimes  the  esse,  when  staking  out  »urk.  It  may  be  obtained  {if 
tlit  iTtitrwntnt  it  in  pfrfivt  adjustment,  ami  lerxiUd)  by  sighting  at  a  plumb-line,  or 

hair  to  correspond.  When  this  ij  'lone,  i\  utioj  I  continuous  scratch  may  be  made  on 
the  telescope  and  Y,  to  save  that  trouble  iu  future.  Heller  &  Brightly,  however, 
provide  their  levels  with  a  small  projection  inside  of  the  Ye,  and  a  corresponding 
atop  on  the  telescope,  the  contact  of  which  insures  the  verticallty  of  the  hair. 
Should  the  hairs  he  broken  by  accident,  they  may  be  replaced  aa  directed  here- 


Tbe  small  holes  around  the  heads  of  the  1  small  capstan-screws  p,  i,  J  ust  referred  to, 
re  for  admitting  the  end  of  a  small  steel  pin.  or  lever,  for  turning  them.  If  Brat 
wnpper  screw  p  be  loosened,  and  then  the  lower  one  tightened,  the  Interior  ring 

•Til*  nrloeof  ■  nrat-clsuw  level,  by  Heller  A  Brightly,  Is  1145.    Hit 
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scope  they  will  appear  to  be  raised.  If  first  the  lower  one  be  loosened,  and  the  upper 
one  tightened,  the  hor  hair  will  be  actually  raised,  but  apparently  lowered.  This  is 
because  the  glasses  in  the  eye-piece  E  reverse  the  apparent  position  of  objects  inside 
of  the  telescope ;  which  effect  is  obviated,  as  regards  exterior  objects,  by  means  of 
the  object-glass  0.  This  must  be  remembered  when  adjusting  the  cross-hairs ;  for  if  a 
hair  appears  to  strike  too  high,  it  must  be  raised  still  higher;  if  it  appears  to  be 
already  too  far  to  the  right  or  left,  it  must  be  actually  moved  still  more  in  the  same 
direction. 

This  remark,  however,  does  not  apply  to  telescopes  which  make  objects  appear 
inverted. 

There  is  no  danger  of  injuring  the  hairs  by  these  motions,  inasmuch  as  the  four 
screws  act  against  the  ring  only,  and  do  not  come  in  contact  with  the  hairs  them- 
selves. 

Under  the  telescope  is  the  bubble-tubs  D  D.  One  end  of  this  tube  can  be  raised  or 
lowered-  slightly  by  means  of  the  two  capstan-headed  nuts  n  n,  one  of  which  must 
be  loosened  before  the  other  is  tightened.  On  top  of  the  bubble-tube  are  scratches 
for  showing  when  the  bubble  is  central  in  the  tube.  Frequently  these  scratches,  or 
marks,  are  made  on  a  strip  of  brass  placed  above  the  tube,  as  in  our  fig.  There  are 
several  of  them,  to  allow  for  the  lengthening  or  shortening  of  the  bubble  by  changes 
of  temperatme.  At  the  other  end  of  the  bubble-tube  are  two  small  capstan-screws, 
placed  ou  opposite  sides  horizontally.  The  circular  head  of  one  of  them  is  shown 
near  t.  By  means  of  these  two  screws,  that  end  of  the  tube  can  be  slightly  moved 
hor,  or  to  right  or  left.  Under  the  bubble-tube  is  the  bar  V  F ;  at  one  end  of  which, 
as  at  V,are  two  large  capstan-nuts  %o  w,  which  operate  upon  a  stout  interior  screw 
which  forms  a  prolongation  of  the  Y.  The  holes  in  these  nuts  are  larger  than  the 
others,  as  they  require  a  larger  lever  for  turning  them.  If  the  lower  nut  is  loosened 
and  the  upper  one  tightened,  the  Y  above  is  raised;  and  that  end  of  the  telescope 
becomes  farther  removed  from  the  bar;  and  vice  versa.  Some  makers  place  a  similar 
screw  and  nuts  under  both  Ys ;  while  others  dispense  with  the  nuts  entirely,  and 
substitute  beneath  one  end  of  the  bar  a  large  circular  milled  head,  to  be  turned  by 
the  fingers.  This,  however,  is  exposed  to  accidental  alteration,  which  should  be 
avoided. 

When  the  portions  above  m  are  put  upon  ru,  and  fastened  by  the  screw  Y,  all 
the  upper  part  may  be  swung  round  hor,  in  either  direction,  Dy  loosening  the 
clamp-screw  H ;  or  such  motion  may  be  prevented  by  tightening  that  screw. 
It  frequently  happens,  after  the  telescope  has  been  sighted  very  nearly  upon  an 
object,  and  then  clamped  by  H,  that  we  wish  to  bring  the  cross-hairs  to  coincide 
more  precisely  with  the  object  than  we  can  readily  do  by  turning  the  telescope  by 
hand;  and  in  this  case  we  use  the  taii|rent-serew  b,  by  means  of  which  a 
slight  but  steady  motion  may  be  given  after  the  instrument  is  damped.  For 
fuller  remarks  on  the  clamp  and  tangentrscrews,  see  "Transit" 

The  parallel  plates  m  and  S  are  operated  by  four  levelling  sere  si ; 
three  of  which  are  seen  in  the  figure,  at  K  K.  The  screws  work  in  sockets  B; 
which,  as  well  as  the  screws,  extend  above  the  upper  plate.  When  the  instrument 
is  placed  on  the  ground  for  levelling,  it  is  well  to  set  it  so  that  the  lower  parallel 
plate  S  shall  be  as  nearly  horizontal  as  can  be  roughly  Judged  by  eye ;  in  order 
to  avoid  much  turning  of  the  levelling  screws  K  K  in  making  the  upper  plate 
m  hor  The  lower  plate  8,  and  the  brass  parts  below  it,  are  together  called  the 
trlpod-bead  %  and,  in  connection  with  three  wooden  legs  Q  Q  Q,  constitute 
the  tripod.  In  the  figure  are  seen  the  heads  of  wing-nuts  J  which  confine  the 
legs  to  the  tripod-head.  Under  the  center  of  the  tripod-head  should  always  be 
placed  a  small  ring,  from  which  a  plumb-bob  may  be  suspended.  This  is  not 
needed  in  ordinary  levelling,  but  becomes  useful  when  ranging  center-stakes,  Ac 

To  adjust  a  s^evel. 

This  is  a  quite  simple  operation,  but  requires  a  little  patience.  Be  careful  to  avoid 
ttraining  auy  of  the  screws.  The  large  Y  nuts  to  w  sometimes  require  some  force  to 
start  them ;  but  it  should  be  applied  by  pressure,  and  not  by  blows.  Before  begin- 
ning to  adjust,  attend  to  the  object-glass,  as  directed  in  the  first  sentence  under  UT« 
adjust  a  plain  transit,"  p.  191.  .  . 

Three  adjustments  are  necessary :  and  mutt  be  made  »n  Vu  following  order: 

First,  that  of  the  cross-hairs;  to  secure  that  their  intersection  shall 
continue  to  strike  the  same  point  of  a  distant  object,  while  the  telescope  is  betaf 
turned  round  a  complete  revolution  in  its  Ys.  This  is  called  adjusting  the  lis* 
of  eollluiaslom,  or  sometimes,  the  lint,  of  tight;  but  it  is  not  strictly  the  line 
of  sight  until  all  the  adjustments  are  finished;  for  until  then,  the  line  of  collimalioa 
will  not  serve  for  taking  levelling  sights.     If  cross-hairs  break*  sss  p  1W. 

Second,  that  of  the  bubble-tube  D  D,  to  place  it  parallel  to  the  line 
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of  collimation.  previously  adjusted ;  so  that  when  the  babble  stands  at  the  centre  of 
its  tube,  indicating  that  it  is  level,  we  know  that  our  sight  through  the  telescope  is 
hor.   To  replace  broken  babble  tube,  see  p  193. 

Third,  that  of  the  Ya,  by  which  the  telescope  and  bubble-tube  are  supported ; 
no  that  the  bubble-tube,  and  line  of  sight,  shall  be  perp  to  the  vert  axis  of  the  instru- 
ment; so  as  to  remain  hor  while  the  telescope  is  pointed  to  objects  in  din*  directions, 
as  when  taking  back  and  fore  sights. 

To  make  the  first  adjustment,  or  that  of  the  cross-hairs,  plant  the 
tripod  firmly  upon  the  ground.  In  this  adjustment  it  is  not  necessary  to  level  the 
instrument.  Open  the  clips  of  the  Ys ;  unclamp ;  draw  out  the  eye-glass  JS,  until 
the  cross-hairs  are  seen  perfectly  clear ;  sight  the  telescope  toward  some  clear  dis- 
tant point  of  an  object;  or  still  better,  toward  some  straight  line,  whether  vert  or 
not.  Move  the  object-glass  0,  by  means  of  the  milled  head  A,  so  that  the  object  shall 
be  clearly  seen,  withont  parallax,  that  is,  without  any  apparent  dancing 
about  of  the  cross-hairs,  if  the  eye  is  moved  a  little  up  or  down  or  sideways.  To 
secure  this,  the  object-glass  alone  is  moved  to  suit  different  distances;  the  eye-glass 
is  not  to  be  changed  after  it  is  once  properly  fixed  upon  the  cross-hairs.  The  neglect 
of  parallax  is  a  source  of  frequent  errors  in  levelling.  Clamp ;  and,  by  means  of  the 
tangent-screw  o,  bring  either  one  of  the  cross-hairs  to  coincide  precisely  with  the 
object.  Then  gently,  and  without  jarring,  revolve  the  telescope  half-way  round  in 
its  Ys.  When  this  is  done,  if  the  hair  still  coincides  precisely  with  the  object,  it  is 
in  adjustment;  and  we  proceed  to  try  the  other  hair.  But  if  it  does  not  coincide, 
then  by  means  of  the  4  screws  pf  i,  move  the  ring  which  carries  the  hairs,  so  as  to 
rectify,  as  nearly  as  can  be  judged  by  eve,  only  one-half 'of  the  error;  remembering 
that  the  ring  must  be  moved  in  the  direction  opposite  to  what  appears  to  be  the 
right  one ;  unless  the  telescope  is  an  inverting  one.  Then  turn  the  telescope  back 
again  to  its  former  position ;  and  again  by  the  tangent-screw  bring  the  cross-hair  to 
coincide  with  the  object.  Then  again  turn  the  telescope  half-way  round  as  before. 
The  hair  will  now  be  found  to  be  more  nearly  in  its  right  place,  but,  in  all  probabil- 
ity, not  precisely  so ;  inasmuch  as  it  is  difficult  to  estimate  one-half  the  error  accu- 
rately by  eye.  Therefore  a  little  more  alteration  of  the  ring  must  be  made ;  and  it 
may  be  necessary  to  repeat  the  operation  several  times,  before  the  adjustment  is 
perfect.  Afterward  treat  the  other  hair  in  precisely  the  same  manner.  When  both 
are  adjusted,  their  intersection  will  strike  the  same  precise  spot  while  the  telescope 
is  being  turned  entirely  round  in  its  Ys.  This  must  be  tried  before  the  adjustment 
can  be  pronounced  perfect ;  because  at  times  the  adjustment  of  the  second  hair, 
slightly  deranges  that  of  the  first  one ;  especially  if  both  were  much  out  in  the  be- 
ginning. 

To  make  the  second  adjustment,  or  to  place  the  bubble-tube  parallel 
to  the  line  of  collimation.  This  consists  of  two  dis- 
tinct adjustments,  one  vert,  and  one  hor.  The  first 
of  these  is  effected  by  means  of  the  two  nuts  n  n  on 
the  vert  screw  at  one  end  of  the  tube ;  and  the  second 
by  the  two  hor  screws  at  the  other  end,  I,  of  the  tube. 
Looking  at  title  bubble-tube  endwise,  from  t  in  the 
foregoing  Fig,  its  two  hor  adjnstiug-screws  1 1  are 
seen  as  In  this  sketch.  The  larger  capstan-headed 
nut  below,  has  nothing  to  do  with  the  adjustments; 
it  merely  holds  the  end  of  the  tube  in  its  place. 

To  make  the  vert  adjustment  of  the  bubble-tube,  by  means  of  the  two  nuts  nn.  Place 
the  telescope  over  a  diagonal  pair  of  the  levelling-screws  K  K. ;  and  clamp  it  there. 
Open  the  clips  of  the  Ys ;  and  by  means  of  the  levelling-screws  bring  the  bubble  to 
the  center  of  its  tube.  Lift  the  telescope  gently  out  of  the  Ys,  turn  it  end  for  end,  and 
put  it  back  again  in  its  reversed  position.  This  being  done,  if  the  bubble  still  t-emains 
at  the  center  of  its  tube,  this  adjustment  is  in  order ;  but  if  it  moves  toward  one  end, 
that  end  is  too  high,  and  must  be  lowered ;  or  else  the  other  end  must  be  raised. 
first,  correct  half  the  error  by  means  of  the  levelling-screws  K  K,  and  then  the  re- 
maining half  by  means  of  the  two  small  capstan-headed  nuts  n  n.  To  raise  the  end 
«,  first  loosen  the  upper  nut  and  then  tighten  the  lower  one ;  to  do  which,  turn  each 
nut  so  that  the  near  side  moves  toward  your  right.  To  lovoer  it,  first  loosen  the  lowet 
nut,  then  tighten  the  upper  one,  moving  the  near  side  of  each  nut  toward  yonr  left 
Having  thus  brought  the  bubble  to  the  middle  again,  agaiu  lift  the  telescope  out  of 
its  Ys ;  turn  it  end  for  end,  and  replace  it.  The  bubble  will  now  settle  nearer  thf 
center  than  it  did  before,  but  will  probably  require  still  further  adjustment.  If  so, 
correct  half  the  remaining  error  by  the  levelling-screws,  and  half  by  the  nuts,  as  be- 
fore; and  so  continue  to  repeat  the  operation  until  the  bubble  remains  at  the  centet 
in  both  positions.   For  another  method,  see  "  To  adjust  the  long  bubble-tube,1'  p  192* 

Horizontal  adjustment  of  bubble  tube ;  to  see  that  its  axis  is  in  the  same  plana, 
with  that  of  the  telescope,  as  it  usually  is  in  new  instruments.    It  is  not  easily  de* 
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ranged,  except  by  blows.  Have  the  bubble-tube,  as  nearly  a*  may  be,  directly  nnder 
the  telescope,  or  over  the  center  of  the  bar  V  F.  Bring  the  telescope  over  two  of  the 
levelling-screws  KK;  clamp  it  there;  center  the  babble  with  said  screws;  turn  the 
telescope  in  its  Ys,  say  about  XA  inch,  bringing  the  bubble-tube  out  from  over  the 
center  of  the  bar,  first  on  oue  side,  then  on  the  other.  If  the  bubble  stays  centered 
while  so  swung  out,  this  adjustment  is  correct.  If  it  runs  toward  opposite  ends  of  its 
tube  when  swung  out  on  opposite  sides  of  the  center,  move  the  end  t  of  the  tube  by 
the  two  horizontal  screws  1 1  until  the  bubble  stays  centered  when  the  tube  is  swung 
out  on  either  side.  If  the  bubble  runs  toward  the  tame  end  of  its  tube  on  bol*  tide*, 
the  tube  is  not  truly  cylindrical,  but  slightly  conical,*  so  that  if  the  telescope  is 
turned  in  its  Ys  the  bubble  will  leave  the  center,  even  when  the  horizontal  adjust- 
ment is  correct.  It  is  known  to  be  correct,  in  such  tubes,  if  the  bubble  runs  the  tame 
distance  from  the  center  when  swung  out  the  same  distance  on  each  side. 

Having  made  the  horizontal  adjustment,  turn  the  telescope  back  in  its  Ys  until  the 
bubble-tube  is  over  the  bar.  Repeat  the  vertical  adjustment  (p  203),  which  may  have 
become  deranged  in  making  this  horizontal  one.  Persevere  until  both  adjustments 
are  found  to  be  correct  at  the  same  time. 

To  make  the  third  adjustment,  or  to  adjust  the  heights  of  the  Ys,  so 
as  to  make  the  line  of  collimation  parallel  to  the  bar  V  F,  or  perp  to  the  vert  axis 
of  the  instrument.  The  other  adjustments  being  made,  fasten  down  the  clips  of  the 
Ys.  Make  the  instrument  nearly  level  by  means  of  all  four  of  the  levelling-screws 
E.  Place  the  telescope  over  two  of  the  levelling-screws  which  stand  diagonally; 
and  leave  it  there  undamped.  Then  bring  the  bubble  to  the  center  of  its  tube,  by 
the  two  levelling-screws.  Swing  the  upper  part  of  the  instrument  half-way  around, 
so  that  the  telescope  shall  again  stand  over  the  same  two  screws ;  but  end  for  end. 
This  done,  if  the  bubble  leaves  the  center,  bring  it  half-way  back  by  the  large  cap- 
stan nuts  10,  w ;  and  the  other  half  by  the  two  levelling-screws.  Remember  that  to 
raise  the  Y,  and  the  end  of  the  bubble  over  to,  to,  the  lower  w  must  be  loosened ;  and 
the  upper  one  tightened ;  and  vice  versa.  Now  place  the  telescope  over  Hie  other 
diagonal  pair  of  levelling-screws ;  and  repeat  the  whole  operation  with  them.  Bar- 
ing completed  it,  again  try  with  the  first  pair;  and  so  keep  on  until  the  bubble  re- 
mains at  the  center  of  its  tube,  in  every  position  of  the  telescope. 

Correct  levelling  may  be  performed  even  if  all  the  foregoing  adjustments  are 
out  of  order ;  provided  each  fore-sight  be  taken  at  precisely  the  game  distance  from 
the  instrument  as  the  back-sight  is.  But  a  good  leveller  will  keep  his  instrument  always 
in  adjustment;  and  will  test  the  adjustments  at  least  once  a  day  when  at  work.  As 
much,  however,  depends  upon  the  rodman,  or  target-man,  as  upon  the  leveller.  A  rod- 
man  who  is  careless  about  holding  the  rod  vert,  or  about  reading  the  sights  correctly, 
should  be  discharged  without  mercy. 

The  levelling-screws  in  many  instruments  become  very  hard  to  turn  if  dirty.  Glean 
with  water  and  a  tooth-brush.    Use  no  oil  on  field  instruments. 

Forms  for  level  note-books.  When  the  distance  is  short,  so  as  not  to 
require  twd  sets  of  books,  the  following  is  perhaps  as  good  as  any. 

But  on  public  works  generally  the  original  field-books  have  only  the  first  five  cols. 
After  the  grades  have  been  determined  by  means  of  the  profile  drawn  from  these, 
the  results,  are  placed  in  another  book,  which  has  only  the  first  col  and  the  last  four. 
In  both  cases,  the  right-hand  page  is  reserved  for  memoranda.  The  writer  considers 
it  best,  both  with  the  level  and  With  the  transit,  to  consider  the  term  "  {Station  "  to 
apply  to  the  whole  diet  between  two  consecutive  stakes;  and  that  its  number  shall 
be  that  written  on  the  last  stake.  Thus,  with  the  transit,  Station  6  means  the  dist 
from  stake  5  to  stake  6;  that  it  has  a  bearing  or  course  of  so  and  so;  and  its  length 
is  so  and  so.  And  with  the  level,  Station  6  also  means  the  dist  from  stake  6  to  stake 
0 ;  the  back-sight  for  that  dist  being  taken  at  stake  6,  and  the  fore-sight  on  stake 
6 ;  and  that  the  level,  grade,  cut,  or  fill  is  that  at  stake  6.  The  starting-point  of  the 
survey,  whether  a  stake,  or  any  thing  else,  we  call  and  mark  simply  0. 

*  This  defect  can  be  remedied  only  by  removing  the  tube  and  inserting  a  correctly- 
shaped  one,  and  this  is  best  done  by  an  instrument-maker ;  but  correct  work  can 
be  done  in  spite  of  it,  thus:  Make  all  the  adjustments  as  nearly  correct  as  possible. 
Level  the  instrument.  By  turning  the  telescope  in  its  Ys,  make  the. vertical  hair 
coincide  with  a  plumb-line  or  other  vertical  line,  and  make  a  short  continuous  knife- 
scratch  on  the  collar  nearest  the  object-glass,  and  on  the  adjoining  Y.  Lift  the  tele- 
scope out  of  its  Ys,  turn  it  end  for  end,  replace  it  in  its  Ys ;  again  bring  the  upright 
hair  vertical,  and  make  on  the  other  Y  a  scratch  coinciding  with  that  on  the  collar. 
Then,  in  levelling  or  in  adjusting,  always  see  that  the  scratch  on  the  collar  coincides 
with  that  on  the  adjoining  Y  when  the  bubble  tube  is  under  the  telescope. 


THE  HAND-LEVEL. 
THE   HAND- LEVEL. 


This  very  useful  little  Enstromnot.  as  arranged  by  Professor  Locke,  of  Cincinnati,  It 
bat  about  Ave  or  six  Inches  long.  Simply  holding  it  Id  one  hand,  and  looking  through 
It  Id  u;  direction,  n«wMWMg  at  once,  approximately,  whit  objects  tu-e  si  the 
■me  level  with  the  eve,  E  is  the  eye  end:  ud  0  the  object  end.  Lin  smaN 
Wei,  enclosed  in  »  kind  of  brass  boxing  la,  the  bottom  of  which  is  open,  with  ncor- 
respondlng  opening  under  It,  through  the  top  of  the  main  tube  B  0-  Immediately 
at  the  botlom  of  the  small  level  L,  is  s  eroas-wi  re,  stretched  across  eeld  opening,  and 
carried  by  a,  small  plate,  which,  for  adjusting  the  wire,  can  be  poshed  backward  a 
trifle  by  tightening  the  screw  t,  or  poshed  forward  by  a  small  spring  within  thq  box- 
ing, near  a,  when  the  screw  t  Is  loosened.  Aim  is  a  small  semicircular  minora  o, 
silvered  on  the  back  n.    This  la  placed  at  an  angle  of  i5°,  and  occupies  onft-lialf  the 


To  ftdjDHt  (be  bund -level. 

level  marks,  and  take  sight  at  the  o 


naaa-ievej  luen,  even  n   it  is  enureiy  out  nt  adjust-    ^ 

t,  est. 

below  It,  mm' 
id  m  will  be  tb 


two  level   marks  required.    With  care,  these  adjustm 

remain  in  order  for  years.   The  instrnmont  generally  has  ■  small  ring  r,  for  banging 

and  sighting  ahead  at  any  little  chance  object  which  the  cross-wire  may  strike,  as  a 
pebble,  twig,  Ac;  then  going  forward,  stand  at  that  abject,  and  fli  the  wire  on 

a  batght  equal  to  that  of  the  eye,  say  6%  feet,  or  whatever  It  may  be.    Whether 

Ee  used  for  the  fore-sights;  and  the  constant  height 'of  the  eye  may  bB  regarded  as 
the  back-eight  at  each  station.   An  attachment  may  be  made  for  screwing  the  level 


•frloe,  atoll  |l*°rt"i  • 
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To  adjust  a  builder's  plumb- 
level,  tod%  stand  it  upon  any  two  sop- 
ports  to  and  n,  and  mark  where  the  plumb- 
line  cute  at  o.  Then  reverse  it,  placing  the 
foot  t  upon  n,  and  d  upon  m,  and  mark  where 
the  line  now  cuts  at  c.  Half-way  between  o 
and  c  make  the  permanent  niark.  Whenever 
the  line  cuts  this,  the  feet  t  and  d  are  on  a 
level. 


To  adjust  a  slope-Instrument,  or  clinometer.  Am  usually  made, 
the  bubble-tube  is  attached  to  the  movable  bar  by  a  screw  near  each  end,  and  the 
head  of  one  of  the  screws  conceals  a  small  slot  in  the  bar,  which  allows  a  slight  vert 
motion  to  the  screw  when  loose,  and  with  it  to  that  end  of  the  tube.  Therefore,  in 
order  to  adjust  the  bubble,  this  screw  is  first  loosened  a  little,  and  then  moved  up 
or  down  a  trifle,  as  may  be  reqd.    It  is  then  tightened  again. 
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t.  Many  circumstamjee  combine  to  render  the  remits  of  thin  kind  of  levelling  an* 
reliable  where  great  accuracy  is  required.  This  fact  was  most  conclusively  proved 
by  the  observations  made  by  Captain  T.  J.  Cram,  of  the  U.  8.  Coast  8urvey.  Bee 
Report  of  U.  S.  C.  8.,  vol.  for  1864.  It  is  difficult  to  read  off  from  an  aneroid  (the 
kind  of  barom  generally  employed  for  engineering  purposes)  to  within  from  two  to 
five  or  six  ft,  depending  on  its  siie.  The  moisture  or  dryness  of  the  air  affects  the 
results;  also  winds,  the  vicinity  of  moan  tains,  and  the  daily  atmospheric  tides, 
which  cause  incessant  and  irregular  fluctuations  in  the  barom.    A  barom  hanging 

quietly  in  a  room  will  often  vary  ■£§  of  an  inch  within  a  few  hoars,  corresponding 
to  a  diff  of  elevation  of  nearly  100  ft.  No  formula  can  possibly  be  devised  that  shall 
embrace  these  sources  of  error.  The  variations  dependent  upon  temperature,  lati- 
tude. Ac,  are  in  some  measure  provided  for ;  so  that  with  very  delicate  instruments,  a 
skilful  observer  may  measure  the  diff  of  altitude  of  two  points  close  together,  such 
as  the  bottom  and  top  of  a  steeple,  with  a  tolerable  confidence  that  he  is  within  two 
or  three  feet  of  the  truth.  But  if  as  short  an  interval  as  even  a  few  hours  elapses 
between  his  two  observations,  such  changes  may  occur  in  the  condition  of  the  atmo- 
sphere that  he  may  make  the  top  of  the  steeple  to  be  lower  than  its  bottom ;  or  at 
least,  cannot  feel  by  any  means  certain  that  he  is  not  ten  or  twenty  ft  in  error;  and 
this  may  occur  without  any  perceptible  change  in  the  atmosphere.  Whenever  prac- 
ticable,.therefore,  there  should  be  a  person  at  each  station,  to  observe  at  both  points 
at  the  same  time.  Single  observations  at  points  many  miles  apart,  and  made  on  dif- 
ferent days,  and  in  different  states  of  the  atmosphere,  are  of  little  value.  In  such 
cases  the  mean  of  many  observations,  extending  over  several  days,  weeks,  or  months, 
and  made  when  the  air  is  apparently  undisturbed,  will  give  tolerable  approximations 
to  the  truth.  In  the  tropics  the  range  of  the  atmospheric  pres  is  much  less  than 
in  other  regions,  seldom  exceeding  XA  inch  at  any  one  spot ;  also  more  regular  in 
time,  and,  therefore,  less  productive  of  error.  Still,  the  barometer,  especially  either 
the  aneroid,  or  Bourdon's  metallic,  may  be  rendered  highly  useful  to  the  civil  engi- 
neer, in  cases  where  great  accuracy  is  not  demanded.  By  hurrying  from  point -to 
point,  and  especially  ujr  repeating,  he  can  form  a  judgment  as  to  which  of  two  sum- 
mits is  the  lowest.  Or'a  careful  observer,  keeping  some  miles  ahead  of  a  surveying 
party,  may  materially  lessen  their  labors,  especially  in  a  rough  country,  by  select- 
ing the  general  route  for  them  in  advance.  The  accounts  of  the  agreement  within 
a  few  inches,  in  the  measurements  of  high  mountains,  by  diff  observers,  at  diff 
periods ;  and  those  of  ascertaining  accurately  the  grades  of  a  railroad,  by  means  of 
an  aneroid,  while  riding  in  a  car,  will  be  believed  by  those  only  who  are  ignorant 
of  the  subject.    Such  results  can  happen  only  by  chance.  ->. 

When  possible,  the  observations  at  different  places  should  be  taken  at  the  same 
time  of  day,  as  some  check  upon  the  effects  of  the  daily  atmospheric  tides;  andMn 
very  important  cases,  a  memorandum,  should  be  made  of  the  year,  month,  day,  and 
hour,  as  well  as  of  the  state  of  the  weather,  direction  of  the  wind,  latitude  of  the 
place,  Ac,  to  be  referred  to  an  expert,  if  necessary. 

The  effect*  of  latitude  are  not  included  in  »ny  of  our  formulas.  When 
read  they  may  be  found  in  the  table  page  209.  Several  other  corrections  must  be 
made  when  great  accuracy  is  aimed  at ;  out  they  require  extensive  tables. 

In  rapid  railroad  exploring,  however,  such  refinements  may  be  neglected,  inas- 
much as  no  approach  to  such  accuracy  is  to  be  expected ;  but  on  the  contrary,  errors 
of  from  1  to  10  or  more  feet  in  100  of  height,  will  frequently  occur. 

As  a  very  rougii  average  we  may  assume  that  the  barometer  falls  ^ 
inch  for  every  90  feet  that  we  ascend  above  the  level  of  the  sea,  up  to  1000  ft.  But 
in  fact  its  rate  of  fall  decreases  continually  as  we  rise ;  so  that  at  one  mile  high  it 
falls  ^  inch  for  about  106  ft  rise.    Table  2  shows  the  true  rate. 
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To  ascertain  the  diflT  of  height  between  two  points. 

Rule  1.    Take  readings  of  the  barom  and  therm  (Fan)  In  the  shade  at  both 

stations.  Add  together  the  two  readings  of  the  barom,  and  div  their  sum  by  2,  for 
their  mean ;  which  call  b.  Do  the  same  with  the  two  readings  of  the  thermom,  and 
call  the  mean  t.  Subtract  the  least  reading  of  the  barom  from  the  greatest ;  and  call 
the  diff  d.  Then  mult  together  this  diff  a;  the  number  from  the  next  Table  No.  1, 
opposite  t ;  and  the  constant  number  30.    Div  the  prod  by  6.    Or 

Height      Diff  (d)  of  ^  Tabular  number  opposite  v  rw,.*™*  on 
iu  feet  barom      x       mean  (<)  of  thermom      x  Con8Unt  *"• 

mean  (6)  of  barom. 

Example.  Reading  of  the  barom  at  lower  station,  26.64  ins ;  and  at  the  upper 
sta  20.82  ins.  Thermom  at  lowest  sta,  70°;  at  upper  sta,  40°.  What  is  the  diff  in 
height  of  the  two  stations?    Here, 

Therm,  70° 
*•      40» 

.    Also,  

2)110 


Barom,  26.64 
"       20.82 


2)47.46 

23.73  mean  of  bar,  or  b.  65°  mean  of 

therm,  or  L 
The  tabular  number  opposite  65°,  is  917.2. 

Bar.       Bar. 
Again ,  26.64  —  20.82  =  6.82,  diff  of  bar ;  or  d.    Hence, 

d,      Tab  No.  Con. 
Height      5.82X917.2X30  _  160143.12        6U8<6  ft    RMWen 
in  feet  23.73  (or  6)  23.73 

Then  correct  for  latitude,  if  more  accuracy  is  read,  by  rule  on  next  page. 

The  screw  at  the  back  of  an  aneroid  is  for  adjusting  the  index  by  a  stand- 
ard barom.  After  this  1ms  been  dune  it  must  by  ho  means  be  meddled  with.  In 
some  instruments  specially  made  to  order  with  that  intention,  this  screw  may  be 
used  also  for  turning  the  index  back,  after  having  risen  to  an  elevation  so  great  that 
the  index  has  reached  the  extreme  limit  of  the  graduated  arc.  After  thus  turning 
it  back,  the  indications  of  the  index  at  greater  heights  must  be  added  to  that  at- 
tained when  it  was  turned  back. 

TABLE  1.    For  Rule  1. 


Mean 

Mean 

Mean 

- 

Mean 

of 

No. 

of 

No. 

or 

No. 

of 

No. 

Tber. 

Ther. 

Ther. 

Ther. 

0° 

801.1 

30° 

864.4 

60° 

927.7 

90° 

991.0 

803.2 

31 

866.5 

61 

929.8 

91 

993.1 

805.3 

32 

868.6 

62 

931.9 

92 

995.2 

807.4 

83 

870.7 

63 

934.0 

93 

997.3 

809.6 

84 

872.8 

64 

936.1 

94 

999.4 

811.7 

35 

874.9 

65 

938.2 

95 

1001.6 

813.8 

36 

877.0 

66 

940.3 

98 

1008.7 

816.9 

37 

879.2 

67 

942.4 

97 

1005.8 

818.0 

38 

881.3 

68 

944.6 

98 

1007.9 

820.1 

89 

883.4 

69 

946.7 

99 

1010.0 

10 

822.2 

40 

885.4 

70 

948.8 

100 

1012.1 

11 

824.8 

41 

887.5 

71 

950.9 

101 

1014.2 

12 

826.4 

42 

889.6 

72 

953.0 

102 

1016.8 

15 

828.5 

43 

891.7 

73 

955.1 

103 

1018.4 

14 

830.6 

44 

893.8 

74 

957.2 

104 

1020.6 

1ft 

882.8 

45 

896.0 

75 

959.3 

105 

1022.7 

16 

834.9 

46 

898.1 

76 

961.4 

106 

10*24.8 

17 

837.0 

47 

900.2 

77 

963.6 

107 

1026.9 

18 

839.1 

48 

902.3 

78 

965.6 

108 

1029.0 

19 

841.2 

49 

904.5 

79 

967  7 

109 

1031.1 

20 

843.8 

50 

908.6 

80 

969.9 

110 

1033.2 

21 

845.4 

51 

908.7 

81 

972.0 

HI 

1035.3 

22 

847.5 

52 

910.8 

82 

974.  J 

112 

1037.4 

23 

849.6 

53 

913.0 

83 

976.2 

113 

1039.5 

24 

851.8 

51 

915.1 

84 

978.3 

114 

1041.6 

25 

853.9 

55 

917.2 

85 

980.4 

116 

1043.8 

26 

856.0 

56 

919.3 

86 

982.6 

116 

1045.9 

27 

858.1 

67 

921.4 

87 

984.7 

117 

1048.0 

28 

860.2 

68 

923.5 

88 

986.8 

118 

1050.1 

29 

862.3 

59 

925.6 

89 

988.9 

119 

1062.2 
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Bulk  2.  Belvllle's  'short  approx  rale  is  the  one  best  adapted  to  rapid 
field  use,  namely,  add  together  the  two  readings  of  the  barom  only.  Also  find  the 
diff  between  said  two  readings ;  then,  as  the  sum  of  the  two  jrefullnfrs 
is  to  their  diff,  so  is  55000  feet  to  the  reqd  altitude. 

Correction  for  latitude  is  usually  omitted  where  great  accuracy  is  not 
required.  To  apply  it,  first  find  the  altitude  by  the  rule;  as  before.  Then  divide  it 
by  the  number  in  the  following  table  opposite  the  latitude  of  the  place.  (If  the  two 
places  are  in  different  latitudes,  use  their  mean.)  Add  the  quotient  to  the  altitude 
if  the  latitude  is  lets  than  45°.  Subtract  it  if  the  latitude'  is  more  than  45°.  No  cor- 
rection required  for  latitude  46°. 


• 

Table  of  corrections  lor  latitude* 

Lafe. 

Lat. 

Lat. 

Lat. 

Lat. 

Lat 

a© 

852 

14° 

890 

28° 

630 

.42° 

8367 

64° 

1140 

68° 

490 

1 

854 

16 

416 

so 

705 

.44 

10101 

56 

.  941 

70 

460 

4 

856 

18 

.486 

82 

804 

45 

00 

58 

804 

72 

436 

6 

860 

80 

460 

34 

941 

46 

10101 

60 

705 

74 

416 

8 

867 

83 

490 

86 

1140 

.48 

8367 

62 

680 

76 

88t 

10 

875 

34 

537 

88 

1458 

60 

2028 

64 

672 

78 

886 

" 

886 

86 

572         40 

2028          52 

1458          66 

•  527 

80 

1 

875 

Levelling*  by  Barometer;  or  by  the  boiling*  point. 

Bulk  3.  The  following  table,  No.  2,  enables  us  to  measure  heights  either  by  means 
of  boiling  water,  or  by  the  barom.  The  third  column  shows  the  approximate  alti- 
tude above  sea-level  corresponding  to  diff  heights,  or  readings  of  the  barom ;  and  to 
the  diff  degrees  of  Fahrenheit's  thermom,  at  which  water  boils  in  the  open  air.  Thus 
when  the  barom,  under  undisturbed  conditions  of  the  atmosphere,  stands  at  24.08 
inches,  or  when  pure  rain  or  distilled  water  boils  at  the  temp  of  201°  Fah ;  the  place 
is  about  6764  ft  above  the  level  of  the  sea,  as  shown  by  the  table.  It  is  therefore 
very  easy  to  find  the  diff of  altitude  of  two  places.  Thus :  take  out  from  table  No  2, 
the  altitudes  opposite  to  the  two  boiling  temperatures ;  or  to  the  two  barom  readings. 
Subtract  the  one  opposite  the  lower  reading,  from  that  opposite-  the  upper  reading. 
The  rem  will  be  the  reqd  height,  as  a  rough  approximation.  To  correct  this,  add 
together  the  two  therm  readings ;  and  div  the  sum  by  2,  for  their  mean.  From  table 
for  temperature,  p  211,  take  out  the  number  opposite  this  mean.  Mult  the  ap- 
proximate height  just  found,  by  this  tabular  number.    Then  correct  for  lat  if  reqd. 

Ex.  The  same  as  preceding ;  namely,  barom  at  lower  sta,  26.64 ;  and  at  upper  sta, 
20.82.  Thermom  at  lower  sta,  70°  Fun ;  and  at  the  upper  one,  40°.  What  is  the  diff 
of  height  of  the  two  stations  ?  ', 

Alt. 

Here  the  tabular  altitudes  are,  for  20.82 9679 

and  for  26/64 3115         I 


To  correct  this,  we  have 


70°  +  4O° 


6464  ft,  approx  height   ] 
1 66°  mean ;  and  in'  table  p  211,  opp  to 


66°,  we  find  1.048.    Therefore  6464  X  1.048  =  6774  ft,  the  reqd  height. 
This  is  about  26  ft  more  than  by  Rule  1  ;  or  nearly  .4  of  a  ft  in  each  100  ft. 

At  70°  Fah,  pure  water  will  boil  at  1°  less  of  temp,  for  an  average  of  about  660  ft 
of  elevation  above  sea-level,  up  to  a  height  of  U  a  mile.  At  the  height  of  1  mile,  1° 
of  boiling  temp  will  correspond  to  about  660  ft  of  elevation.  In  table  p  210  the 
mean  of  the  temps  at  the  two  stations  is  assumed  to  be  32°  Fah  ;  at  which  no  correc- 
tion for  temp  is  necessary  in  using  the  table ;  hence  the  tabular  number  opposite 
82°,  in  table  p  211,  is  1. 

Tufa  diff  produced  in  the  temp  of  the  boiling  point,  by  change  of  elevation,  must 
not  be  confounded  with  that  of  the  atmosphere,  due  to  the  same  cause.  The  air  be- 
comes cooler  as  we  ascend  above  sea-level,  at  the  rate  (very  roughly)  of  about  1°  Fah 
for  every  200  ft  near  sea-level,  to  360  ft  at  the  height  of  1  mile.    See  "  Air,"  p  215. 

The  following  table,  No.  2,  (so  tar  as  it  relates  to  the  barom,)  wits  de- 
duced by  the  writer  from  the  standard  work  on  the  barom  by  Lieut.-Col.  R.  S.  Wil- 
liamson, U.  8.  army.* 

•  PublUhtd  by  parmlMton  of  Government  in  1868  by  Van  Noatrand,  N.  Y. 
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tabu:  a. 

LevelllBr  fcy  Banmatcr)  m-  by  the  balllnr  Mint. 

*" " ' — "^nyFiih.    If  not  gy.m„u  bamm.lt  <u  per  Tabi,,  p  at 


SOUND. 
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Corrections  for  temperature;  to  be  used  In  connection  with 
Rule  8,  when  greater  accuracy  Is  neceeaary.  Also  in  con- 
nection with  Table  2  when  tbe  temp  in  not  *2°. 


Mean 

Mean 

Mean 

Mean 

temp 

Malt 

temp 

Molt 

temp 

Malt 

temp 

Malt 

in  the 

by 

,n  the 

by 

in  the 

by 

n   the 

by 

shade. 

shade. 

shade. 

ihade. 

Zero. 

.933 

28° 

.992 

66° 

1.050 

84° 

1.108 

2° 

.937 

30 

.9vD 

58 

1.054 

86 

1.112 

4 

.942 

32 

1.000 

60 

1058 

88 

1.117 

6 

.946 

34 

1.004 

62 

1.062 

90 

1.121 

8 

.950 

36 

1.008 

64 

1.066 

92 

1.125 

10 

.954 

38 

1.012 

66 

1.071 

94 

1.129 

12 

.958 

40 

1.016 

68 

1.075 

96 

1.133 

14 

.962 

42 

1.020 

70 

1.079 

98 

1.138 

16 

.967 

44 

1.024 

72 

1.083 

100 

1.142 

18 

.971 

46 

1.028 

74 

1.087 

102 

1.146 

20 

.975 

48 

1.032 

76 

1.091 

104 

1.160 

22 

.979 

50 

1.036 

78 

1.096 

106 

1.154 

24 

.9S3 

52 

1.041 

80 

1.ID0 

108 

1.158 

26 

.987 

54 

1.046 

82 

1.104 

110 

1.163 

SOUND. 


The  velocity  of  sound  in  qaiet  open  air,  has  been  experimentally  deter- 
mined to  be  very  approximately  1090  feet  per  second,  when  the  temperature  is  at 
freezing  point,  or  82°  Fahrenheit.  For  every  degree  Fahrenheit  of  increase  of 
temperature,  the  velocity  increases  by  from  %  foot  to  1%  feet  per  second,  according 
to  different  authorities.  Taking  the  increase  at  1  foot  per  second  for  each  degree 
(which  agrees  closely  with  theoretical  calculations),  we  have 

^  ^  ^  ^  0.1951  mile  per  sec  —  1  mile  in  5.13  secouds. 


at 
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It 
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M 

120° 

« 

1180 
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—  0.1970 

—  0.1989 

—  0.2008 

—  0.2027 

—  0.2045 

—  0.2068 

—  0.2083 

—  0.2102 

—  0.2121 

—  0.2140 

—  0.2159 

—  0.2178 

—  0.2197 

—  0.2216 

—  0.2235 
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tt 
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U 
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4.88 
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4.83 
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u 

4.80 
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tt 

4.78 
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a 

4.73 
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u 

4.68 

—  1 

a 
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—  1 

tt 

4.59 

—  1 

tt 

4.65 

—  1 

tt 

4.51 
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u 

4.47 
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If  the  air  is  calm,  fog  or  rain  does  not  appreciably  affect  the  result;  bat  winds  do. 
Very  load  sounds  appear  to  travel  somewhat  faster  than  low  one*.  The  watchword 
of  sentinels  has"  been  heard  across  still  water,  on  a  calm  night,  10^  miles ;  and  a 
cannon  20  miles.  Separate  sounds,  at  intervals  of  -^  of  a  second,  cannot  be  distin- 
guished, but  appear  to  be  connected.  The  distances  at  which  a  speaker  can  be 
understood,  in  front,  on  one  side,  and  behind  him  are  about  as  4,  8,  and  1. 

Dr.  Charles  M.  Gresson  informs  the  writer  that,  by  repeated  trial*,  he  found  that 
in  a  Philadelphia  gas  main  20  inches  diameter  aad  16000  feet  long,  laid  and  covered 
in  the  earth,  but  empty  of  gas,  and  having  one  horizontal  bend  of  90°,  and  of  40  feet 
radfhs.  tbe  sound  of  a  pistol-shot  travelled  16000  feet  in  precisely  16  seconds,  or  1000 
feet  per  second.  The  arrival  of  the  sound  was  barely  audible ;  but  was  rendered 
very  apparent  to  the  eye  by  its  blowing  off  a  diaphragm  of  tissue-paper  placed  over 
tbe  end  of  the  main. 

Two  boats  anchored  some  distance  apart  may  serve  a*  a  base  line  for 
tiiangulating  objects  along  the  coast;  the  distance  between  them  being  first  found 
by  firing  guns  on  board  one  of  them. 

In.  water  tbe  velocity  is  about  4708  feet  per  second,  or  about  4  times  that 
In  air  In  woods,  it  in  from  10  to  16  times ;  and  In  metals,  from  4  to  16  times 
greater  than  in  air,  according  to  some  authorities. 


212 


HEAT. 


Approximate  expansion  of  solids  by  heatt  and  the 
Ins;  points  by  Fahrenheit's  thermometer.  J 


and  their  m*lt> 


Firebrick 

Granite J  £"■ 

ft  lass  rod 

Glass  tube 

"      crown .- 

•4      plate 

PUtlna 

Marble,  granular,  white,  dry.. 
"  "     moist. 

"  *    black,  compact 

Antimony    

Cast  iroo . 

Slate 

Bteel 

"    blistered 

"    antetnpered 

•'    tempered  yellow 

"    hardened 

*•    annealed 

Iron,  rolled 

"    soft,  forged 

"    wire 

Bismuth 

Gold,  annealed 

Copper average 

Sandatone'f 

Brass average 

"    wire 

Silver 

Tin average 

Lead average 

Pewter 

Zinc  (most  of  all  metals) 

White  pine. 


For  1  degree. 

1  part  In 

\i  inch  In 

366220 

3804  ft. 

187560 

1954 

228060 

2375 

221400 

2306 

214200 

2231 

211500 

2203 

2CW700 

21x4 

20B800 

2175 

173000 

1802 

128000 

1333 

405000 

4219 

166500 

1722 

16200011 

1688 

178000 

1802 

151200 

1575 

159840 

1665 

167400 

1744 

131400 

1369 

146880 

1590 

147600 

1537 

149940U 

1562 

147420 

1536 

146340 

1521 

129600 

1850 

123120 

1282 

104400 

1088 

103320 

1076 

97740 

1018 

94140 

961 

95040 

990 

87840 

915 

63180 

658 

78840 

821 

61920 

645 

440530 

4588 

For  180  degrees.* 

Melting 

point 

1  part  in 

H  inch  in 

in  Deg.J 

2029 

21.14  ft. 

m 

1042 

10.85 

1267 

13.20 

1230 

12.81 

1190 

12.40 

1175 

12.24 

1165 

12.13 

1160 

12.06 

4666 

981 

10.00 

711 

7.41 

2250 

23.44 

925 

9.63 

855 

900 

9.88 

1920  to 

961 

10.00 

2800 

840 

8.75 

2370  to 

888- 

9.25 

2550 

930 

9.69 

730 

7.60 

816 

.   8.50 

820 

8.54 

833 

8.68 

3000  to 

819 

8.53 

8500 

813 

8.55 

720 

7.50 

506 

684 

7.12 

3016 

580 

6.04 

2000 

574 

5.98 

543 

5.66 

1873 

523 

5.45 

528 

5.50 

1861 

488 

6.08 

444 

851 

3.06 

612 

438 

4.56 

344 

8.58 

680  tons 

2447 

25.49 

_  l-flre*  variously  estimated  from  800  to  1140  deg.   That  of  a  < 

one  about  2200-> :  eoal  about  2400°. 

Each  12°  to  15°  of  heat  produce  Id  wrot  Iron  an  expansion  equal  to 

that  produced  by  a  tension  of  about  1  ton  per  sq  inch  of  section ;  vary  .ng  with  the  quality  of  the  iron. 
For  temperature,  expansion,  conducting  power,  Ac,  of  air,  see  p  215. 


*  By  adding  JL  part  to  the  lengths  in  the  two  cols  under  180°,  we  get  the  lengths  corresponding  to 

a  number  of  degrees  y\  leas  than  180°;  or  to  163° .63  degj  which  may  be  taken  as  about  the  extrgmaa 

of  temp  in  the  colder  portions  of  the  United  States.  In  the  Middle  States  the  extremes  rarely  reach 
135°,  or  yA  part  less  than  180°. 

No  dependenoe  whatever  1*  to  be  placed  on  results  obtained  by  Wedgewood's  pyrometer. 

f  The  table  shows  that  the  contraction  and  expansion  of  stone  will  cause 
open  Joints  in  winter ;  and  crushing  of  the  mortar  in  summer,  at  the  onda  of  loos  eopiag*stones. 
%  The  melting;  points  are  quite  uncertain.    We  give  the  mean  of 

the  best  authorities.  Assuming  that  with  a  change  of  temp  of  about  163°,  wrought  iron  will  alter  its 
length  1  part  in  916 ;  this  in  a  mile  amounts  to  5.764  ft,  or  about  5  ft  9%  ins ;  and  in  100  ft  to  .109  of  a 
foot;  or  19s  las:  so  tnat  a  dilf  of  5  ft,  or  more,  oan  readily  result  from  measuring  a  alio  in  winter 
and  In  summer  with  the  same  chain ;  and  a  25  ft  rail  will  ohange  Its  length  full  %  of  an  toon. 

II  Hence  wrought  expands  by  bent  about  one  eleventh  part  more  than  east  { 
tension  withiu  ei«»i,u  liniiu  oast  stretches  twice  as  nioch  as  wrt. 


TEESMOMETEES. 


To  chanijc  drgrtw  of  Fitiirenbclt  M»  the  carrnpniKlln^  de- 
grees of  Centigrade ;  Inkea.  Fab  rondliif  8'2°  Imotr  than  tli«  kit-ii  ona;  mule 

iSli  lo*«r  rndlng  Of  5;  riliife  tt«  nrgdljl.     Thim:  +11"  Knii  -  111  -B)i  X  if  9  =  —  IS  X  6  +  l  = 
—UP  OtO.     *«■(»,  -IS"  F»B  -i-;n  -.17)  *1t1--(j*  St»=~ ttPCaM. 

To  rhaiige  Fih  to  ll&iu;  i.iko  a  i',h  r,w!iiig  32°/™rrlhBii  the  giren 
iti  =  -i«Hta.   ij«iu.  — is° kU  =  <_ is-™  x"i-H='-«)(i+e^— vwn 
"•-  -■— van  Cm t  to  FHbtjmUt  tfa-  "--'  ■■■■■"  Ji  -  ■   ■     r    ™  ■ 


Fab  rudlTiK  ^PhltKrr  Ibap  Ifi?  uu^l.     ]']>ii:-;  4-l>f:  <>:liI=  ill!  M  J  vfil -H2^ 

Ai*.,-«r>C:.,.r(-JI(.f!„  Ujr-^lru.  ^ 

TochsnreCentto  Mean;  mult  tj  4:  AW  bj  B.    Tbm;  - 
Torh>nie  IH'Fm  to  Fahj  mnl;  by  B;  dlx  Iit*.    Taken 

•  (»»"■._  ThnijJl60H*«oU  =  rHXS+l)-t-IH=M-(-ai=  4*8°  F«h.     Jjnili.  -S 

TriMitisinfteBeanto  Cent)  maltbj  5:  fllv  by  *.    Thtu:  - 
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TABLE  3.    CentlKrwte  Mnpand  with  Fakr«Bhcl«  >nd 


•»  ™^FJ« 


C.  F.  R.  C.  F.  R.  C.  F.    |  R.       c,  r.  R. 

■  nil  Tt.J  <1  1*1  Ji  W.I  a            I  IB.«     —IS  6J>  — 

h  in!i  «7.i  «  mi  m  e  •>.<          11-30  —  tin  —ti.i 

m>  1710  Hi  ti  lor  1  n't  t  nit          t.i    -u  — a!i  -ir.i 

ti  101.0  to!*  17  «o!o  mis  —1  n.i  -o!s    — n  -»i  — hj 


F.  C.       R.       F. 


r.       C      R.      F.        c 
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AIR-ATMOSPHERE. 

The  atmosphere  is  known  to  extend  to  at  least  4&  unites 

above  the  earth.  Its  composition  is  about  .79  measures  of  nitrogeu  gas 
and  .21  of  oxygen  gas ;  or  about  .77  nitrogen,  .23  oxygen,  by  weight.  It  gen- 
erally contains,  however,  a  trace  of  water;  carbonic  acid,  and  carburetled 
hydrogen  gases;  and  still  less  ammonia. 

When  the  barometer  is  at  30  inches,  and  the  temperature  -GO"  ( Fah,  air 
weighs  about  one-815th  part  as  ni uch  as  water ;  or  535  grains  =  1.224  romtnercial 
ounces  =  .0765  commercial  9>.  per  cubic  foot.  Or  13.072  cubic  feet  weigh  1  9>; 
and  a  cnbie  yard,  2.066  lbs.  Or  a  cube  of  30.82  feet  on  each  edge,  1  ton.  When 
colder  it  weighs  more  per  cubic  foot,  and  vice  versa,  at  the  rate  of  about  a  grain 
per  degree  of  Fan.  The  average  weight  of  the  entire  atmospheric  column,  (at 
least  45  miles  high,)  at  sea  level,  is  14%  lbs  avoirdupois  per  square  inch ;  or  2124 
he  per  square  foot*  =  weight  of  a  column  of  water  34  feet,  or  of  mercury  30 
inches,  high.  This  is  what  is  usually  called  the  "  pressure  of  the  air."  At  W 
mile  above  sea  level  it  is  but  14.02  lbs  per  square  inch:  at  %  mile,  13.33;  at  % 
mile,  12>66;  at  1  mile,  12.02;  at  X%  mile,  11.42 ;  at  VA  mile,  10.88;  and  at  2  miles, 
9.80  lbs.  Therefore,  a  pump  in  a  high  region  will  not  lift  water  to  as  great  a 
height  as  in  a  low  one.  The  pressure  of  air,  like  that  of  water,  is,  at  any  given 
point,  equal  in  all  directions. 

It  is  often  stated  that  the  temperature  of  the  atmosphere  lowers 
or  becomes  colder,  at  the  rate  of  1°  Fab  for  each  300  feet  of  ascenr.  above  the 
earth's  surface ;  but  this  is  liable  to  many  exceptions,  and  varies  much 
with  local  causes.  Actual  observation  in  balloous  seems  to  show  that  up  to  the 
first  1600  feet,  about  200  feet  to  1°,  is  nearer  the  truth ;  at  2000  feet,  250 ;  at  4000 
feet,  300 ;  and  at  a  mile,  350. 

In  breathing,  a  grown  person  at  rest  requires  from  .25  to  .35  of  a  cubic 
foot  of  air  per  minute;  which,  when  breathed,  vitiates  from  3%  to  5  cubic  feet. 
When  walking  or  hard  at  work,  he  breathed  and  vitiates  two  or  three  times  as 
much.  About  5  cubic  feet  of  fresh  air  per  person  per  minute  is  required  for  the 
perfect  ventilation  of  rooms  in  wiuter ;  8  in  summer.    Hospitals  40  to  80. 

Beneath  the  sreneral  level  of'  the  surface  of  the  earth  in  temperate 
regions,  a  tolerably  uniform  temperature  of  about  50°  to  60°  Fah  exists  at 
the  depth  of  about  50  to  60  feet;  and  increases  about  1°  for  each  additional  50 
to  60  feet;  all  subject,  however,  to  considerable  deviations  from  many  local 
causes.  In  the  Rose  Bridge  colliery,  England,  at  the  depth  of  2424  feet,  the  tem- 
perature of  the  coal  is  93%°  Fah ;  and  at  the  bottom  of  a  boring  4169  feet  deep, 
near  Berlin,  the  temperature  is  119°. 

The  air  Is  a  very  slow  conductor  of  heat;  hence  hollow  walls 
serve  to  retain  the  heat  in  dwelliugs;  besides  keeping  them  dry.  It  rushes 
Into  a  Vacuum  near  sea  level  with  a  velocity  of  about  1157  feet  per  second ; 
or  13%  miles  per  minute;  or  about  as  fast  as  sound  ordinarily  travels  through 
quiet  air.    See  Sound,  p  211. 

Like  all  other  elastic  fluids,  It  expands  equally  with  equal 
Increases  of  temperature.  Every  increase  of  5°  Fah,  expands  the  hulk 
of  any  of  them  slightly  moire  Chan  1  per  cent  of  that  which  it  has  at  0°  Fah ; 
or  500°  about  doubles  its  balk  at  zero.  The  bulk  of  any  of  them  diminishes 
inversely  In  proportion  to  the  total  pressure  to  which  it  is  subjected.  Thus,  if 
we  have  a  cylinder  open  at  top,  and  1  foot  deep,  full  of  air  at  its  natural  pies- 
sure  of  about  15  lbs  per  square  inch ;  if  by  means  of  a  piston  we  apply  an  addi- 
tional pressure  of  15  lbs  per  square  inch,  making  30  lbs  in  all,  or  twice  as  much 
as  the  natural  pressure,  then  the  air  will  be  compressed  into  6  inches  of  depth 
of  the  cylinder,  or  one-half  of  what  it  occupied  before.  Or  if  we  apply  45  lbs 
additional,  making  60  lbs  in  all,  or  4  times  the  natural  pressure,  then  the  air  will 
be  compressed  into  }£  of  the  depth  of  the  cylinder.  Experiment  shows  that 
this  holds  good  with  air  at  least  up  to  pressures  of  about  750  lbs  per  square  inch, 
or  50  times  its  natural  pressure;  the  air  in  this  case  occupying  one-fiftieth  of 
its  natural  bulk.  In  like  manner  the  bulk  will  increase  as  the  total  pressure  is 
diminished ;  so  that  if  we  remove  our  additional  45  lbs  per  square  inch,  the  air 
in  the  cylinder  will  regain  its  original  bulk,  and  will  precisely  fill  the  cylinder. 
Substances  which  follow  these  laws,  are  said  to  be  perfectly  elastic.  Under  a 
pressure  of  about  5^  tons  per  square  inch,  air  would  become  as  dense,  or  would 
weigh  as  much  per  cubic  foot,  as  water.  Since  the  air  at  the  surface  of  the  earth 
Is  pressed  14%  ms  per  square  inch  by  the  atmosphere  above  it,  and  since  this 
is  equal  to  the  weight  or  a  column  of  water  1  inch  square  and  34  feet  high,  it 
follows  that  at  the  depths  of  34, 68, 102  feet,  Ac,  below  water,  air  will  be  com- 

*  =  1.033  kilogrammes  per  square  centimetre. 
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Spewed  into  %>  }&  %  Ac,  of  its  bulk  at  the  surface ;  because  at  those  depths  it 
exposed  to  pressures  equal  to  2, 3, 4,  Ac,  times  14%  tm  per  square  inch,  inas- 
much as  the  pressure  of  the  atmosphere  on  the  surface,  is  in  each  case  to  be 
added  to  that  of  the  water.  The  pressure  of  the  water  ahme  at  those  depths 
would  be  but  1,  £,  3,  Ac,  times  14$£  lbs  per  square  inch. 

In  m  di  ▼insr-bell,  men,  after  some  experience,  can  readily  work  for  sev- 
eral hours  at  a  depth  of  51  feet;  or  under  a  pressure  of  2)4  atmospheres;  or 
$7%  lbs  per  square  inch.  But  at  90  feet  deep;  or  under  3.64  atmospheres;  or 
nearly  55  lbs  per  square  inch,  they  can  work  for  but  about  an  houf,  without 
serious  suffering  from  paralysis ;  or  even  danger  of  death.  Still  at  the  St.  Louis 
bridge  some  work  was  done  at  a  depth  of  110}$  feet ;  pressure  63.7  lbs  per  square 
inch. 

The  dew  point  is  that  temperature  (varying)  at  which  the  air  deposits  its 
vapor. 

The  greatest  heat  of  the  stir  lm  the  snn  probably  never  exceeds 
145°  Fah ;  nor  the  greatest  cold — 74°  at  night.  About  130°  above,  and  40°  below 
aero,  are  the  extremes  in  the  U.  S.  east  of  the  Mississippi;  and  65°  below  in  the 
K.  w. ;  all  at  common  ground  level.  It  is  stated,  however,  that  —81°  has  been 
observed  in  N.  E.  Siberia:  and  +101°  Fah  in  the  shade  in  Paris;  and  +153°  in 
the  sun  at  Greenwich  Observatory,  both  in  July,  1881.  It  has  frequently  ex- 
ceeded +100°  Fah  in  the  shade  in  Philadelphia  during  recent  years. 

WIND. 

The  relation  between  the  veloelty  of  wind,  sund  its  pre— 

■re  against  an  obstacle  placed  either  at  right  angles  to  its  course,  or  inclined 
to  it,  has  not  been  weN  determined ;  and  still  less  so  its  pressure  against  curved 
surfaces.  The  pressure  against  a  large  surface  is  probably  proportionally  greater 
than  against  a  small  one.  It  is  generally  supposed  to  vary  nearly  as  the  squares 
of  the  velocities;  and  when  the  obstacle  is  at  right  angles  to  its  direction,  the 
pressure  in  Sn  per  square  foot  of  exposed  surface  is  considered  to  be  equal  to 
the  square  of  the  velocity  in  miles  per  hour,  divided  by  200.  On  this  basis, 
which  is  probably  quite  defective,  the  following  table,  as  given  by  Smeatou,  is 
prepared. 


VeLln  Miles 

Tel.  in  Ft. 

Tree,  tn  libs. 

Remarks. 

per  Hour. 

per  Bee. 

per8q.  Ft. 

1 

1.467 

.008 

Hardly  perceptible. 

Pleasant.                        €B£—^kv 

s 

2.088 

.030 

s 

4.400 

.046 

^l<cl 

4 

6.867 

.080 

1         1 

6 

7.33 

.135 

jwSw 

10 

14.67 

.5 

"K 

18.36 

.781 

Fnih  brceso.                        6P 

16 

n. 

1.125 

20 

20.38 

2. 

..     .   .                  Tim  pren  agntani 

26 

86.67 

8.125 

Brisk  wind.              »    smnkynndriettl 

SO 

44. 

4.6 

Strong  wind.             surface  acowwm 

40 

6847 

8. 

High  wind.                U  about  half  that 

50 

73.33 

12.5 

Storm.                      against    ths     flat 

SO 

£8. 

18. 

Violent  storm.           awf  ab  am. 

80 

117.8 

32. 

Hurricane. 

100 

146.7 

60. 

Violent  hurricane,  uprootl  ag  large  tress. 

Tredgold  recommends  to  allow  40  lbs  per  sq  ft  of  roof  for  the 

pros  of  wind  against  It ;  bnt  as  roofs  are  constructed  with  a  slope,  and  consequently  do  not  receive 
the  fall  force  of  the  wind,  this  is  plainly  too  much.*  Moreover,  only  one-half  of  a  roof  is  osnally  ex- 
posed, even  thus  partially,  to  the  wind.  Probably  the  force  in  sanh  oases  varies  approximately  as  the 
sines  of  the  angles  of  slopes.  Aoeording  to  obsecrations  in  Liverpool,  in  I860,  a  wind  of  88  ssD 
hoar,  produced  a  pros  of  14  sVs  per  sq  ft  against  an  object  perp  to  It:  and  one  of  90  mime  per 
(the  severest  gale  on  record  at  that  city,)  42  9m  per  sq  foot.  These  woold  make  the  pros  per  sq  ft. 
more  nearly  equal  to  the  square  of  the  vel  in  miles  per  hour,  div  by  100;  or  nearly  twine  as  great  as 
given  in  Smeaton's  table,  we  should  ourselves  give  the  preference  to  the  Liverpool  oksBrratmaa.  A 
very  violent  gale  in  Scotland,  registered  by  an  excellent  anemometer,  or  wind-gauge,  46  ffm  per  it 
ft.    It  Is  stated  that  as  high  as  65  lbs  has  been  observed  at  Glasgow.    High  winds  of  tea  tyt  ream. 

The  gauge  at  Oirard  College,  Philada,  broke  under  a  strain  of  42  ms  per  sq  ft;  a  tornado  passing 
at  the  moment,  wltbln  \i  mile. 

By  Invention  of  Smeaton's  rule,  if  the  force  in  ftVs  per  sq  ft,  be  mult  by  200,  the  sq  rt  of  the  pr*t 

Sainton's  rule  is  used  by  the  U.  8.  Signal  Service. 


will  give  the  vel  in  miles  per  boor. 


*  The  writer  thinks  8  t>s  per  *q  foot  of  ordinary  doubU-atophtg  roe/k,  or  16  ms  for 
eieut  allowance  for  pros  of  wind. 
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WATER. 

Pure  water,  as  boiled  and  distilled,  is  composed  of  the  two  gases,  hydro- 
gen and  oxygen;  in  the  proportions  of  2  measures  hydrogen  to  1  of  oxygen; 
or  1  weight  of  hydrogen  to  8  of  oxygen.  Ordinarily,  however,  it  contains  sev- 
eral foreign  ingredients,  as  carbonic  aud  other  acids ;  and  Boluble  mineral,  or 
organic  substances.  When  it  contains  much  lime,  it  is  said  to  be  hard;  and  will 
not  make  a  good  lather  with  soap.  The  air  in  its  ordinary  state  contains 
about  4  grains  of  water  per  cubic  foot. 

The  average  pressure  of  the  air  at  sea  level,  will  balance  a 
column  of  water  34  feet  high ;  or  about  30  inches  of  mercury.  At  its  boil- 
ing point  of  212°  Fah,  its  bulk  is  about  one  twenty-third  greater  thau  at  70°. 

Its  weight  per  cubio  foot  is  taken  at  62%  lbs,  or  1000  ounces  avoir;  but  62% 
lbs  would  be  nearer  the  truth,  as  per  table  below.  It  is  about  815  times  heavier 
than  air,  when  both  are  at  the  temperature  of  62°;  and  the  barometer  at  30 
inches.  With  barometer  at  30  inches  the  weight  of  perfectly  pure  water  is  as 
follows.    At  about  39°  it  has  its  maximum  density  of  62.425  lbs  per  cubic  foot. 

Temp,  Fah.  Lbs  per  Cub  Ft. 

70° 62.302 


Temp,  Fah.  Lbs  per  Cub  Ft 

82°. 62.417 

40° 62.423 

50° 62.409 

60° 62.367 


80° ..62.218 

90°.. 62.119 

212° 59.7 


Weight  of  sea  water  64.02  to  64^7  lbs  per  cubic  foot,  or  say  1.6  to  1.9 
fts  more  than  fresh. 

Water  has  its  maximum  density  when  its  temperature  is  a  little  above 
39°  Fah :  or  about  7°  aboye  the  freezing  point.  By  best  authorities  39.2°.  From 
about  39°  it  expands  either  by  cold,  or  by  heat.  When  the  temperature  of  32° 
reduces  it  to  ice,  its  weight  is  but  about  57.2  lbs.  per  cubic  foot ;  and  its  specific 
gravity  about  .9175,  according  to  the  investigations  of  L.  Dufour.  Hence,  as 
tee,  it  has  expanded  one- twelfth  of  its  original  bulk  as  water ;  and  the  sudden 
expansife  force  exerted  at  the  moment  of  freezing,  is  sufficiently  great  to 
split  iron  water-pipes;  being  probably  not  less  than  30000  lbs  per  square  inch. 
Instances  have  occurred  of  Its  splitting  cast  tubular  posts  of  iron  bridges,  and 
of  ordinary  buildings,  when  full  of  rain  water  from  exposure.  It  also  loosens 
and  throws  down  masses  of  rock,  through  the  joints  of  which  rain  or  spring 
water  has  found  its  way.  Retaining- walls  also  are  sometimes  overthrown,  or 
at  least  bulged,  by  the  freezing  of  water  which  has  settled  between  their  backs 
and  the  earth  filling  which  they  sustain ;  and  walls  which  are  not  founded  at  a 
sufficient  depth,  are  often  lifted  upward  by  the  same  process. 

It  Is  said  that  in  a  glass  tube  M  inch  in  diameter,  water  will  not 
freeze  until  the  temperature  is  reduced  to  23°;  and  in  tubes  of  less  than  «&•• 
inch,  to  3°  or  4°.  Neither  will  it  freeze  until  considerably  colder  than  82°  in 
rapid  running  streams.  Anchor  ice,  sometimes  found  at  depths  as  great  as 
25  feet,  consists  of  an  aggregation  of  small  crystals  or  needles  of  ice  frozen  at 
the  surface  of  rapid  open  water;  and  probably  carried  below  bv  the  force  of  the 
stream.  It  does  not  form  under  frozen  water.  For  crushing  strength  of 
ice-  see  page  437. 

Since  ice  floats  in  water;  and  a  floating  body  displaces  a  weight  of  the 
liquid  equal  to  its  own  weight,  It  follows  that  a  cubic  foot  of  floating  ice  weight  n? 
5712  lbs,  must  displace  57.2  lbs  of  water.  But  57.2  ft*  of  water,  one  foot  square,  in  1 1 
Inches  deep:  therefore,  floating  ice  of  a  cubical  or  parallelopipedal  shape,  will 
have  H  of  its  volume  under  water ;  and  only  lT  above :  and  a  square  foot  of  ice 
of  any  thickness,  will  require  a  weight  equal  to  ^  of  its  own  weight  to  sink  it 
to  the  surface  of  the  water.  In  practice,  however,  this  must  be  regarded  merely 
as  a  close  approximation,  since  the  weight  of  ice  is  somewhat  affected  by  en- 
closed air-bubbles. 

Pare  water  is  usually  assumed  to  boll  at  212°  Fah  in  the  open  air,  at  the 
level  of  the  sea ;  the  barometer  being  at  30  inches ;  and  at  about  lf  less  for  every 
520  feet  above  sea  level,  for  heights  within  1  mile.  In  fact,  its  boiling  point 
varies  like  its  freezing  point,  with  its  purity,  the  density  of  the  air,  the  material 
of  the  vessel,  Ac.  In  a  metallic  vessel,  it  may  boil  at  210°;  and  in  a  glass  one, 
at  from  212°  to  220°:  and  it  is  stated  that  if  all  air  be  previously  extracted,  it 
requires  275°.    For  leveling  by  the  boiling  point,  see  page  209. 

It  evaporates  at  all  temperatures;  dissolves  more  substances  than  any 

other  agent :  and  has  a  greater  capacity  for  heat  than  an  v  other  known  substance. 

It  is  compressed  at  the  rate  of  about  one-21740th.  (or  about  yfa,  of  an 

inch  in  l&A  feet,)  by  each  atmosphere  or  pressure  of  15  lbs  per  square  inch. 

When  the  pressure  is  removed,  ife  elasticity  restores  its  original  bulk. 
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Effect  on  metals.  The  lime  contained  in  many  waters,  forms  deposits  in 
metallic  water-pipes,  and  in  channels  of  earthenware,  or  of  masonry ;  especially 
if  the  current  be  slow.  Some  other  substances  do  the  same;  obstructing  the 
flow  of  the  water  to  such  an  extent,  that  it  is  always  expedient  to  use  pipes  of 
diameters  larger  than  would  otherwise  be  necessary.  The  lime  also  forms  very 
hard  incrustations  at  the  bottoms  of  boilers;  very  much  impair- 
ing their  efficiency  ;  and  rendering  them  more  liable  to  burst.  Such  water  is 
unfit  for  locomotives.  We  have  seen  it  stated  that  the  Southwestern  R  R  Co, 
England,  prevent  this  lime  deposit,  along  their  limestone  sections,  by  dissolving 
1  ounce  of  sal-ammoniac  to  90  gallons  of  water.  The  salt  of  sea  water  forms 
similar  deposit*  in  boilers;  as  also  does  mud,  and  other  impurities. 

Water,  either  when  very  pure,  as  rain  water;  or  when  it  contains  carbonic 
acid,  (as  most  water  does,)  produces  carbonate  of  lead  in  lead 
pipes;  and  as  this  is  an  active  poison,  such  pipes  should  not  be  used  for  such 
waters.  Tinned  lead  pipes  may  be  substituted  for  them.  If,  however,  sulphate 
of  lime  also  be  present,  as  is  very  frequently  the  case,  this  effect  is  not  always 
produced;  and  several  other  substances  usually  found  in  spring  and  river 
water,  also  diminish  it  to  a  greater  or  less  degree.  Fresh  water  corrodes 
wrought  iron  more  rapidly  tban  cast;  but  the  reverse  appears  to 
be  the  case  with  sea  water;  although  it  also  affects  wrought  iron  very 
quickly ;  so  that  thick  flakes  may  be  detached  from  it  with  case.  The  corrosion 
of  iron  or  steel  by  sea  water  iucreases  with  the  carbon.  Cast-iron  cannons 
from  a  vessel  which  had  been  sunk  in  the  fresh  water  of  the  Delaware  River 
for  more  than  40  years,  were  perfectly  free  from  rust.  Gen.  Rasley,  who  had 
examined  the  metals  found  in  the  ships  Royal  George,  and  Edgar,  the  first  of 
which  had  remained  sunk  in  the  sea  for  62  years,  aud  the  last  for  133  years, 
M stated  that  the  cast  iron  had  generally  become  quite  soft;  and  in  some  cases 
resembled  plumbago.  Some  of  the  shot  when  exposed  to  the  air  became  hot; 
and  burst  into  many  pieces.  The  wrought  iron  was  not  so  much  injured, 
except  when  in  contact  with  copper,  or  brass  gun-metal.  Neither  of  these  last  was 
much  affected,  except  when  in  contact  with  iron.  Some  of  the  wrought  iron 
was  reworked  by  a  blHcksmith,and  pronounced  superior  to  modern  iron."  "Mr. 
Cottara  stated  that  some  of  the  guns  had  been  carefully  removed  in  their  soft 
state,  to  the  Tower  of  London :  and  in  time  (within  4  years)  returned  their  orig- 
inal hardness.  Brass  cannons  from  the  Mary  Rose,  which  had  been  sunk  in  the 
sea  for  292  years,  were  considerably  honeycombed  in  spots  only;  (perhaps  where 
iron  had  been  in  contact  with  them.)  The  old  cannons,  of  wrought-iron  bars 
hooped  together,  were  corroded  about  %  inch  deep ;  but  bad  probably  been  pro- 
tected by  mud.  The  cast-iron  shot  became  redhot  on  exposure  to  the  air:  and 
fell  to  pieces  like  dry  clay !" 

"  Unprotected  parts  of  cast-iron  sluice-valves,  on  the  sea  gates  of  the  Cale- 
donian canal,  were  converted  into  a  soft  plumbaginous  substance,  to  a  depth 
of  V  of  an  inch,  within  4  years ;  but  where  they  had  been  coated  with  common 
Swedish  tar,  they  were  entirely  uninjured.  This  softening  effect  on  cast  iron 
appears  to  be  as  rapid  even  when  the  water  is  but  slightly  brackish ;  and  that 
only  at  intervals.  It  also  takes  place  on  cast  iron  im beaded  in  salt  earth.  Some 
water  pipes  thus  laid  near  the  Liverpool  docks,  at  the  expiration  of  20  years 
were  soft  enough  to  he  cut  by  a  knife;  while  the  same  kind,  on  higher  ground 
beyond  the  influence  of  the  sea  water,  were  as  good  as  new  at  the  end  of  SO  years.* 

Observation  has,  however,  shown  that  the  rapidity  of  this  action 
depends  much  on  tbe  quality  of  the  Iron;  that  which  is  dark- 
colored,  and  contains  much  carbon  mechanically  combined  with  it,  corrodes 
most  rapidly :  while  hard  white,  or  light-gray  castings  remain  secure  for  a  long 
time.  Some  cast-iron  sea-piles  of  this  character,  showed  no  deterioration  in  40 
years.    See  note,  page  640. 

Contact  with  brass  or  copper  is  said  to  induce  a  galvanic  action 
which  greatly  hastens  decay  in  either  fresh  or  salt  water.  Some  muskets  were 
recovered  from  a  wreck  which  had  been  submerged  in  sea  water  for  70  years 
near  New  York.  The  brass  parts  were  in  perfect  condition ;  but  the  iron  parts 
had  entirely  disappeared.  Galvanising  (coating  with  sine)  acts  as  a  pre- 
servative to  the  iron,  but  at  the  expense  of  the  zinc,  which  soon  disappears. 
The  iron  then  eorrodes.  If  iron  be  well  heated,  and  then  coated  with  hot 
tar,  it  will  resist  the  action  of  either  salt  or  fresh  water  for  many  years. 


It  is  very  important  that  the  tar  be  perfectly  purified.  See  p  201.  Such  a  coat- 
ing, or  one  of  paint,  will  not  prevent  barnacles  and  other  shells  from 
attaching  themselves  to  the  iron.  Asphaltum,  if  pure,  answers  as  well  as 
coal-tar. 

Copper  and  bronse  are  very  little  affected  hy  sea  water. 

No  galvanic  action  has  been  detected  where  brass  ferules  are  Inserted  ints 
the  water-pipes  In  Philadelphia, 
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The  most  prejudicial  exposure  for  Iron,  as  well  as  for  wood,  is 
that  to  alternate  wet  and  dry.  At  some  dangerous  spots  in  Long  Island  Bound, 
ft  has  been  the  practice  to  drive  round  bars  of  rolled  iron  about  4  inches  diam- 
eter, for  supporting  signals.  These  wear  away  most  rapidly  between  high  and 
low  water;  at  the  rate  of  about  an  inch  in  depth  in  20  years;  in  which  time  the 
4-inch  bar  becomes  reduced  to  a  2-Inch  one,  along  that  portion  of  it.  Under 
ftotOi  water  especially  or  nnder  ground,  a  thin  coating  of  coal-pitch  varnish, 
carefully  applied,  will  protect  iron,  such  as  water-pipes,  4c.  for  a  long  time. 
8ee  page  892.  The  sulphuric  acid  contained  in  the  water  from  coal  mines 
corrodes  iron  pipes  rapidly.  In  the  fresh  water  or  canals,  iron  boats 
have  continued  in  service  from  20  to  40  veare.  Wood  remains  sonnd  foi 
centuries  under  either  fresh  or  salt  water,  if  not  exposed  to  he  worn  away  by 
the  action  of  currents;  or  to  be  destroyed  by  marine  insects. 

Seat  water  differs  a  little  in  weight,  at  different  places ;  but  at  the 
same  place  it  is  appreciably  the  sane  at  ail  depths;  and  may  be  generally  as 
suined  at  about  64  lbs ;  or  1%  lbs  per  cubic  loot,  more  than  fresh.  The  additiona. 
1%  Ids,  or  one  86.6th  of  its  entire  weight,  is  chiefly  common  salt.  Sea  water 
freezes  at  27°  Fah :  the  ice  is  fresh. 

A  teaspoonful  of  powdered  alum,  well  stirred  into  a  bucket  of  dirty  water, 
will  generally  purify  it  sufficiently  within  a  few  hours  to  be  drinkable.  If  a 
hole  8  or  4  feet  deep  be  dug  in  the  sand  of  the  sea-shore,  the  infiltrating  water 
will  usually  be  sufficiently  fresh  for  washing  with  soap;  or  even  for  drinking. 
It  is  also  stated  that  water  may  be  preserved  sweet  for  many  years  by  placing 
in  the  containing  Teasel  1  ounce  of  black  oxide  of  manganese  for  each  gallon 
of  water.  * 

It  la  said  that  water  kept  in  sine  tanks;  or  flowing  through  iron 
tabes  galvanized  inside,  rapidly  becomes  poisoned  by  soluble  salts  of  zinc 
formed  thereby;  and  it  is  recommended  to  coat  zinc  surfaces  with  asphalt 
varnish  to  prevent  this.  Yet,  in  the  city  of  Hartford,  Conn,  service  pipes  of 
iron,  galvanized  inside  and  out,  were  adopted  in  1855,  at  the  recommendation 
of  the  water  commissioners;  and  have  been  in  use  ever  since.  They  are  like- 
wise used  in  Philadelphia  and  other  cities  to  a  considerable  extent.  In  many 
hotels  and  other  buildings  in  Boston,  the  "  Seamless  Drawn  Brass  Tube  "  of  the 
American  Tube  Works  at  Boston,  has  for  many  years  been  in  use  for  service 
pipe;  and  has  given  great  satisfaction.  It  is  stated  that  the  softest  water  may 
be  kept  in  brass  vessels  for  years  without  any  deleterious  result. 

The  action  of  lead  upon  some  waters  (even  pure  ones)  is  highly  poison- 
ous. The  subject,  however,  is  a  complicated  one.  An  injurious  ingredient  may 
be  attended  by  another  which  neutralizes  its  action.  Organic  matter,  whether 
vegetable  w  animal,  JsJnJarkMit.  Carbonic  acid,  when  not  in  extern,  is  harm- 
leas.    See  near  bottom  of  page  419. 


lee  may  be  so  impure  that  its  water  is  dangerous  to  drink. 
»pnlar  notion  that  hot  water  freezes  more 

la,  with  air  at  the  same  temperature,  is  erroneous. 


TIDES. 

The  tides  are  those  well-known  rises  and  falls  of  the  surface  of  the  sea 
and  of  some  rivers,  caused  by.  the  attraction  of  the  sun  and  moon.  There  are 
two  rises,  floods,  or  high  tides;  and  two  falls,  ebbs,  or  low  tides,  every  24  hours 
and  50  minutes  (a  lunar  day) ;  making  the  average  of  6  hours  12V£  minutes 
between  high  and  low  water.  These  intervals  are,  however,  subject  to 
jgre»t  variations;  as  are  also  the  heights  of  the  tides;  and  this  not  only 
at  different  places,  but  at  the  same  place.  These  irregularities  are  owing  to  the 
shape  of  the  coast  line,  the  depth  of  water,  winds,  and  other  causes.  Usually  at 
new  and  full  moon,  or  rather  a  day  or  two  after,  (or  twice  in  each  lunar  mouth, 
at  intervals  of  two  weeks,)  the  tides  rise  higher,  and  fall  lower  than  at  other 
times;  and  these  are  called  spring  tides.  Also,  one  or  two  days  after  the 
moon  is  In  her  quarters,  twice  in  a  lunar  month,  they  both  rise  and  fall  less  than 
at  other  times ;  and  are  then  called  neap  tides.  From  neap  to  spring  they 
rise  and  fall  more  daily ;  and  vice  vena.  The  time  of  high  water  at  any 
place,  Is  generally  two  or  three  hours  after  the  moon  has  passed  over  either 
the  upper  or  lower  meridian ;  and  is  called  the  establishment  of  that 
place;  because,  when  this  time  is  established, the  time  of  high  water  on  any 
other  day  may  be  found  from  it  in  most  cases.  The  total  height  of  spring  tides 
is  generally  from  1^  to  2  times  as  great  as  that  of  neaps.  The  great  tidal 
wave  Is  merely  an  undulation,  unattended  by  any  current,  or  progressive  motion 
of  the  particles  of  water.  Each  successive  high  tide  occurs  about  24  minutes 
later  than  the  preceding  one;  and  so  with  the  low  tides. 


Tile  itnnntlty  that  fulls  annually  In  any  oh  place,  varies 
greaily  from  yen r  to  year;  tbe  HtitmB  being  frequently  greater  Ihan  2  to  1. 
In  malting  celculntlons  for  collecting  water  to  re*ertofrs,  whether  for  feeding 
canals,  ur  for  supplying  cities,  we  anwl  safely  assume  more  thU  the  minimum 


lie  deducted  the  einou 


eeted.    The  foil 
'  n  others,  the  lei 

.    See  E  raporatlon,  p  22 
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■Hindi  1b  on*  day  !■ 

,....„...., _„  jretteet  m»nrmOQlhvWMlfl.Biti«hBi,  Adg„18ST. 

In  July,     4;:,  flinches  fell  In  2  hours.    It  hat  nut  reached  9  Inches  jer  month, 

S  hours    Aco'eiioa,  Italj.on  one  occasion,  82  Inches  fell  In  it  hours:  aiGem**, 

Switzerland.  6  Indies  In  a  hours;  it  Marseilles,  France,  13  Inches  In  14  bonre; 

lu  Chicago,  Sept.,  1878,  .97  inch  In  7  minutes. 

Near  Loudon,  England,  the  mean  total  fall  for  many  Tears  la  23  IncboL 

-  ■--■-■»  fell  In  labour)!    In  the  mountain  districts  of  the 


Ktmlisl: 


kes,  Hie  fall 
it  Llmpoot, 


feetl  while,  In  the  adjacent  neighborhood  It 
pool,  the  aierage  la  34  Inches;  at  Edinburgh,* 


..     ,  „    .       .  _>",J5 

SO;  mailmum  for  16  years,  W;  Delhi,  Hi 
23;  West  Indies,  86  lo  96 ;  Rome,  89.  On  tU 
KhusHvu  liilla  n-.rrh  of  Calcutta.  50D  inches,  or  tl  feet  8  Inches,  have  fallen  In  the 
8  rainy  montlisl  Id  other  mountainous  districts  of  India,  annual  falls  of  10  lo 
20  Teet  are  common. 

Ml'll,  3m™ha«  M*«reTlnte!rT,iu  faffs  of °u  mill'u  from  lllo  £  oVUS?! 
Inches  per  hour  occur,  these  latter  depths  innst  b«  considered  In  planning 
■ewers,  culverts,  etc.    See  Art.  M,  p  279c. 
Ah  n  general  rale,  more  rain  rails  In  warn  than  Is*  raid) 

nowDiuPhlU.Mpbis 


At  1760  feet  altitude 56.5  ins. 

1800  -  62.1    " 


snow.  221 

itles,  however,  sometimes  reverse  this ;  and  also  cause  great  differences  in  the 
amounts  in  places  quite  near  each  other;  as  in  the  English  lake  districts  just 
alluded  to.  It  is  sometimes  difficult  to  account  for  these  variations.  In  Jome 
lagoons  in  New  Granada,  South  America,  the  writer  has  known  three  or  four 
heavy  rains  to  occur  weekly  for  some  months,  during  which  not  a  drop  fell  on 
lulls  about  1000  feet  high,  within  10  miles'  distance,  and  within  full  sight.  At 
another  locality,  almost  a  dead-level  plain;  fully  three-quarters  of  the  rains  that 
fell  for  2  years,  at  a  spot  2  miles  from  his  residence,  occurred  in  the  morning; 
while  those  which  fell  about  3  miles  from  it,  in  an  opposite  direction,  were  in 
the  afternoon. 

44  The  returns  of  several  rain  gauges  in  the  Longdendale  district,  England,  for 
1847,  gave  the  rainfalls  at  different  altitudes  above  the  sea,  as  follows:'7 

At  500  feet  altitude 46.6  ins. 

1700  "  .. 52.1    " 

"The  annual  average  fall  at  Edinburgh,  200  feet  above  the  sea,  in  three  succes- 
sive yean,  was  80  inches.  In  the  Pen tl and  fittls,  a  few  miles  south,  and  700  feet 
above  sea,. 37.4  inches:  and  at  Carlo  ps,  similarly  situated  near  the  last,  but  909 
feet  above  sea,  49.2  inches." 

There  are  probably  but  few  place*  In  the  United  States* 

where  an  annual  fall  of  2  feet  mxv  not  be  safely  relied  on;  and  since,  as  an 
average,  about  half  of  it  may  he  collected  into  reservoirs,  a  square  mile  of 
drainage  (=  27878400  square  feet)  should  yield  annually  27878400  cubic 
feet;  equal  to  76379  cubic  feet  per  day.  Allowing  4  cubic  feet,  or  30  gallons, per 
day  for  each  person*;  and  making  no  deduction  for  evaporation  and  filtration, 
this  would  supply  a  population  of  19095  persons ;  or  a  square  of  88V£  feet  on  a 
side,  would  in  like  manner  suffice  for  one  person.  From  two-tenth*  to  eight- 
tenths  of  all  the  water  annually  resulting  from  rain  and  snow,  passes  off  Into 
the  neighboring  rivulets;  and  thence  into  the  larger  streams  and  rivers;  or 
nay  be  collected  into  reservoirs.  Under  ordinary  circumstances  of  locality, 
about  one-half  may  usually  be  thus  secured.  The  difference  is  owing  chieflv 
to  the  distance  which  the  water  may  have  to  run ;  the  rates  of  absorption  of 
various  soils ;  the  rate  of  descent  of  the  sides  of  the  valleys  leading  to  the 
streams ;  the  season  of  the  year,  Ac,  Ac.    See  p  222. 

An  tnen  of  rain  amounts  to  363veubie  feet;  or  27155  U.  &  gal- 
lons; or  101.8  tons  per  acre;  or  to  2323200  cubic  feet ;  or  17378748  U.  S.  gallons; 
or  64821  tons  per  square  mile  at  62%  lbs  per  cubic  foot. 

The  most  destructive  rains  are  usually  those  which  fall  upon  snow,  under 
which  the  ground  is  frozen,  so  as  not  to  absorb  water. 

SNOW. 

Trials  at  different  times  by  the  writer,  showed  the  weight  of  freshly  * 
fallen  snow  to  vary  from  about  5  to  12  lbs  per  cubic  foot ;  apparently  depend- 
ing ehtofly  upon  the  degree  of  humidity  of  the  air  through  which  it  had  passed. 
On  one  occasion  when  mingled  snow  and  hail  had  fallen  to  the  depth  of  6  inches, 
he  found  its  weight  to  be  31  lbs  per  cubic  foot.  It  was  very  dry  and  incoherent. 
A  cubic  foot  of  heavy  snow  may,  by  a  gentle  sprinkling  of  water,  be  converted 
into  about  half  a  cubic  foot  of  slush,  weighing  20  lbs ;  which  will  not  slide  or 
rnn  off  from  a  shingled  roof  sloping  30°,  if  the  weather  is  cold.  A  cubic 
block  of  snow  saturated  with  water  until  it  weighed  45  lbs  per  cubic  foot,  just 
slid  on  a  rough  board  in  din  fed  at  46°;  on  a  smoothly  planed  one  at  80°;  and  on 
slate  at  18° ;  all  approximate.  A  prism  of  snow,  saturated  to  52  lbs  per  cubic 
foot;  one  inch  square,  and  4  inches  high,  bore  a  weight  of  7  lbs ;  which  at 
first  compressed  it  about  one-quarter  part  of  its  length.  European  engineers 
consider  oft*  per  square  foot  of  roof,  to  be  sufficient  allowance  for  the 
weight  of  snow ;  and  8  lbs  for  the  pressure  of  wind ;  total,  14  lbs.  The 
writer  thinks  that  in  the  U.  S.  the  allowance  for  snow  should  not  be  taken  at 
Uss  than  12  lbs;  or  the  total  for  snow  and  wind,  at  20  lbs.  There  is  no  danger 
that  snow  on  a  roof  will  become  saturated  to  the  extent  just  alluded  to ;  because 
a  rain  that  would  supply  the  necessary  quantity  of  water,  would  also  by  its 
violence  wash  away  the  snow;  but  we  entertain  no  doubt  whatever  that  the 
united  pressures  from  snow  and  wind,  in  our  Northern  States,  do  actually  at 
times  reach,  and  even  surpass,  20  lbs  per  square  foot  of  roof.  See  Table  4,  p  581, 
of  Trusses.  The  limit  of  perpetual  snow  at  the  equator  is  at  the  height 


of  about  16000  feet,  or  say  3  miles  above  sea-level :  in  lat  45°  north  or  south,  it 
is  about  half  that  height;  while  near  the  poles  it  is  about  at  sea-level. 
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EVAPORATION,  FILTRATION,  AND  LEAKAGE. 

The  Amount  off  evaporation  from  surfaces  of  water  exposed  to 

the  uutural  effect*  of  the  open  air,  is  of  course  greater  la  summer  than  in  winter;  although  it  in  quits 

Croeptible  in  even  the  coldest  weather.  It  is  greater  iu  shallow  water  than  in  deep,  inaSmnen  as  too 
uoiu  also  become*  heated  bj  the  sun.  It  ia  greater  iu  runuiug.  thau  in  standing  water ;  on  much 
the  same  principle  that  it  It  greater  durlug  wind*  than  calms.  It  is  probable  that  the  average  dai^y 
lew  from  a  reaervolr  of  moderate  depth,  from  evaporation  alone,  throughout  the  8  warmer  months 
of  the  year,  (June,  July,  August.)  rarely  exceeds  alwut  JU  inch,  in  any  part  of  the  United  States.  Or 
-An  inch  during  the  9  colder  mouths;  except  in  the  Southern  8tates.  These  two  averages  would  sire 
a  daily  one  of  .15  iuch  ;  or  a  total  annual  loss  of  55  ins,  or  4  ft  7  iu*.    It  probably  is  3.5  to  4  ft. 

By  soiue  trials  by  the  writer,  In  the  tropics,  ponds  of  pure  water 

8  ft  deep,  in  a  stiff  retentive  clay,  and  fully  exposed  to  a  very  hot  sun  all  day,  lost  during  the  drj  sea- 
son, precisely  2  ins  in  16  days ;  or  %  inch  per  day ;  while  the  evaporation  from  a  glass  tumbler  was 
%  iuch  tier  day.  The  air  in  that  regiou  is  highly  charged  with  moisture;  and  the  dews  are  heavy. 
Every  day  during  the  trial  the  thermometer  reached  from  115°  to  125°  in  the  sun. 

The  total  annual  evaporation  in  several  parts  of  Rngland  and  Scotland  is  stated  to  average' from  39 
to  38  ins ;  at  Paris,  84;  Boston,  Mass,  82 ;  many  plaess  in  the  U.  8.,  80  to  86  ins.  This  last  would  give 

a  daily  average  of  -fa  inch  for  the  whole  year.  Such  statements,  however,  are  of  very  little  ralne, 
unless  accompanied  by  memoranda  of  the  circumstances  of  the  case ;  such  as  the  depth,  exposure, 
size  and  nature  of  the  vessel,  pond.  Ac.  which  contains  the  water.  Ac.  Sometimes  the  total  annual 
evaporation  from  a  district  of  oountry  exceeds  the  rain  fall ;  and  rice  versa. 

On  canals,  reservoirs,  Ac,  it  is  usual  to  combine  the  loss  by  evaporation, 

with  that  by  filtration.  The  last  is  that  which  soaks  into  the  earth ;  and  of  which  some  portion 
passes  entirely  through  the  banks,  (when  in  embankt;)  and  if  in  very  small  quantity,  may  be  dried 
up  by  the  sun  and  air  as  fast  as  it  reaches  the  outside;  so  as  not  to  exhibit  Itself  as  water;  bat  if  tat 
greater  quantity,  it  becomes  apparent,  as  leakage. 

E.  H.  Gill.  CE,  states  the  average  evaporation  and  filtra- 
tion on  the  Sandy  and  Beaver  canal,  Ohio,  (38  ft  wide  at  water  sur- 
face; 26  rt  at  bottom :  and  4  ft  deep.)  to  be  but  13  cub  ft  per  mile  per  minute,  in  a  dry  teason.  Here 
the  exposed  water  surf  in  one  mile  is  200640  sq  ft ;  and  in  order,  with  this  surf,  to  lose  18  cub  ft  per 

njln,  or  18t20  cub  ft  per  day  of  34  hours,  the  quantity  lost  must  be  ^jAj^Mq  ~.08S3  ft,=  1^  inch  in 

depth  pet  day.  Moreover,  one  mile  of  the  canal  contains  675840  cub  ft ;  therefore,  the  number  of  days 
reqd  for  the  combined  evaporation  and  filtration  to  amount  to  as  much  as  all  the  water  in  the  canal,  is 

675  8i°  =  86  dars.    Observations  In  warm  weather  on  a  22  mile  reach  of  the  Chenango  canal,  V 
18720  '  ^  8 

York,  (40;  28;  and  4  ft,)  gave  65^  cub  ft  per  mile  per  min  ;  or  5  times  as  much  as  in  the  preceding 
ease.  This  rate  would  empty  the  canal  tn  about  8  days.  Realties  this  there  was  an  excessive  leakage 
at  the  gates  of  a  look,  (of  only  5.4  ft  Jift.)  of  479  cub  ft  per  niiu.  2?  cub  ft  per  mile  per  min ;  and  at 
aqueducts,  and  waste- weirs,  others  amounting  to  IV  cub  ft  per  mile  per  min.  The  leakage  at  other 
locks  with  lifts  of  8  ft,  or  less,  did  not  exceed  about  350  cob  ft  per  min.  at  each.  On  other  canala,  it 
has  been  found  to  be  from  50,  to  500  ft  per  min.  On  the  Chesapeake  and  Ohio  canal,  (where  50.  32, 
and  6  ft,)  Mr.  Fisk,  C  K,  estimated  the  loss  by  evap  and  filtration  in  2  weeks  of  warm  weather,  to  be 

3uai  to  all  the  water  in  the  canal.    Professor  Rank! ne  assumes  2  Ins  per 
ay,  for  leakage  of  canal  toed,  and  evaporation,  on  Eiijrllslk 

Canals*  J.  B.  Jervis,  C  E,  estimated  the  loss  from  evap,  filtration,  and  leakage  through  lock- 
gates,  on  the  original  Erie  canal.  (40,  28.  and  4  ft.;  at  100  cub  ft  per  mile  per  min :  <ir  144000  cub  ft 
per  day.  The  water  surf  in  a  mile  is  21 1200  sq  ft ;  therefore,  the  daily  loss  would  be  equal  to  a  depth  of 

211200  =  -68*ft>=:MT8K,M-    Ses  end  of  Rain,  p  221. 

On  the  Delaware  division  of  the  Pennsylvania  canals*  when 

the  supply  is  temporarily  shut  off  from  any  long  reach,  the  water  falls  from  4  to  8  Ins  per  day.  The 
filtration  will  of  course  be  much  greater  on  embsnkts,  than  iu  cats.  In  some  of  oar  canals,  the  depth 
at  high  embankts  becomes  quite  considerable ;  the  earth,  from  motives  of  economy,  not  being  filled  in 
level  under  the  bottom  of  the  canal  :■  hnt  merely  left,  to  form  its  o»n  natural  slopes.  At  one  spot  at 
leant,  on  the  Chen  and  Ohio  canal,  where  one  side  Is"  a  natural  face  of  vertical  rock,  this  depth  Is  40 
ft.  Such  depths  increase  the  leakage  very  greatly ;  especially  when,  as  is  frequently  the  case,  the  em* 
pankts  are  not  paddled ;  and  the  practice  Is  not  to  he  commended,  for  other  reasons  also. 

The  total  average  loss  front  reservoirs  of  moderate  depths. 

In  case  the  earthen  dams  be  constructed  with  proper  care,  and  well  settled  by  time,  will  not  exceed 
about  from  H  to  1  inob  per  day ;  but  in  new  ooes,  it  will  usually  be  considerably  greater. 

The  loss  from  ditches,  or  channels  of  small  area,  in  much 

greater  than  that  from  navigable  canals :  so  that  long  eaoal  feeders  asaally  deliver  bat  s  small  pro- 
portion of  the  water  which  enter  a  rhem  at  their  heads. 


HYDB0STATICS. 


Art.  1.  Hydrostatics  treats  of  the  pressure  of  quiet  water  i 
and  other  liquids.  The  pres  of.  liquids-  against  any  point  of  any  surf  upon 
which  they  act, whether  said  surf  be  curved  or  plane,  is  always  perp  to  the  surf  at  that 
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point.  At  any  given  depth,  the  pres  of  water  is  equal  in  every  direction ;  and  is  in 
direct  proportion  to  the  vert  depth  below  the  surf.  Iii  all  cases  whatever,  the  total  pre* 
of  quiet  water  against,  and  perp  to  any  surf,  is  equal  to  the  wt  of  a  uniform  column 
of  water,  the  area  of  whose  cross-section  parallel  to  its  base,  is  everywhere  equal  to  the 
area  of  the  surf  pressed ;  and  whose  height  is  equal  to  the  vert  depth  of  the  een  of 
grav  of  the  surf  pressed,  below  the  hor  surf  of  the  water.  This  fact  is  one  of  those 
important  ones  of  frequent  application,  which  the  young  student  should  impress 
firmly  npon  his  memory.  The  wt  of  a  cub  ft  of  fresh  water  is  usually  assumed  to 
be  62)^  lbs  avoir;  which  is  sufficiently  correct  for  ordinary  engineering  purposes ; 
although  62»4  is  nearer  the  truth  for  ordinary  temperatures  of  about  70°  Fah.   Uence, 

To  find  the  total  pros  of  quiet  water  against,  and  perp  to 
aajr  »nrf  whatever,  as  a  dam,  embkl,  lock-gate,  <fc;  or  the  bottom,  tide,  or  top 
of  any  wnViining  wi«i,  water-pijte,  dtc,  whether  said  surf  be.  vert,  hor,  or  inclined  at 
any  angle  whatever ;  or 'whether  it  be  flat,  or  curved  ;  or  wheUter  it  react*  to  Uie  surf  of 
the  water,  or  be  entirely  below  it: 


_.Mult  togetne1,  tn«  *«».  in  sq  ft,  of  the  surf  pressed ;  the  vert  depth  in  ft 
or  K«  era  of  grav  below  the  surf  of  the  water ;  and  the  constant  number  68.5.  The  prod  will  be  the 
nsja  pees  tn  pounds. -jf 

Kx.  1.  The  wall  A,  Pig  1,  Is  50  ft  long ;  and  the  depth,  no,  of  water  pressing  against  Its  nrt  back  Is 
uniformly  10  ft.    What  pres  does  the  wall  sustain  ? 

The  area  of  surf  pressed  Is  60  X  10  =  600  sq  ft.  And  the  vert  depth  of  Its  een  of  grav  below  the  surf 
of  Uis  rater  is  5  ft;  hence, 

508  X  6  X  6U  =  15*250  pounds,  or  about  70  tons,  the  pres  read. 

The  pres  in  this 


Ti£t        Kg'1    R|2 


being  perp  to  a 
eerf  surf,  U  korisontal ;  tending  either 
to  overturn  the  wall ;  or  to  make  it 
elide  on  its  base.  The  center  of  press- 
ure Is  at  c;  or  one-third  of  the  vert 
depth  from  the  bottom. 

Ex.  2.  As  in  the  foregoing  ease, 
the  wall  B,  Pig  1 X, is  60  ft  long )  and 
the  vert  depth  of  water  is  10  ft ;  but  it 
presses  against  the  tlopingaiie  of  the 
wall ;  «  o  being  15  ft.  What  Is  the 
total  pre&{  or  the  pres  perp  to  no;  or 
In  the  direction  of  the  arrow? 
Hers  the  area  of  serf  pressed  is  50  X  15  =  750  sq  ft.  And  the  vert  depth  or  its  can  or  grav  below 
she  snrf  of  the  water  is  6  ft,,  as  before ;  benoa, 

750  X  5  X  «J.5=2S4«5  poinds,  or  about  105  tons,  the  total  prat  read. 

The  een  of  pres  as  before,  is  at  c,  one-third  or  the  depth  from  the  bottom. 

In  such  eases,  the  total  pres  perp  to  n  o,  may  be  considered  as  resolved  into  two  pressures ;  one  of 
thesa  acting  hor,  either  to  overthrow  the  wall,  or  to  make  It  slide ;  and  the  other  acting  vert  to  hold  it 
fa  Its  plaee.  And  if  the  sloped  liae  n  e  be  taken  at  any  scale  to  represent  the  total  pres,  then  will  the 
vert  line  m  o,  measured  by  the  same  soale,  represent  the  hor  pres ;  and  the  hor  line  m  n,  the  vert 
Sea  Art  34,  Force  in  Rigid  Bodies.  Therefore,  so  long  as  the  vert  depth  of  water  remains  the 
5.  the  hor  pres  remains  the  same,  no  matter  what  may  be  the  slope  oT  no;  but  the  vert,  as  well 
as  the  total  pres,  will  Increase  with  n  e.    See  Art  4.    In  Pig  2.  the  pres  tend*  to  lift  the  wall. 

Bsat.  1.  This  total  pres  of  the  water  is  of  oourse  distributed  over  the  entire  depth  of  the  wetted 
part  ef  the  back  of  the  wall ;  being  least  at  top,  and  gradually  increasing  toward  the  bottom ;  but  so 
far  as  regards  the  united  action  of  every  portion  of  it,  in  tending  to  overthrow  the  wall,  considered  as 
a  single  mass  or  masonry, incapable  of  being  bent  or  broken.  It  may  all  be  assumed  to  be  applied  at 
e;  diet  from  the  bottom  or  the  water  one-third  of  its  vert  depth;  or,  whlohls  the  same  thing,  at 
one-third  or  the  sloping  dist  o  n,  Pigs  1){  and  2. 

Rsm.  2.  It  follows,  from  the  forojrolnjr  rnle,  that  the  Amount 
of  pres  of  watero>valnst  any  snrf  Is  entirely  Independent  of 
the  quantity  of  the  water,  so  long  as  the  area  pressed,  and  the  vert 
depth  of  its  een  of  grav  below  the  level  snrf  remain  unchanged.  The  wall  A  or  B  would  sustain  as 
great  a  pres  from  a  layer  of  water  only  an  Inch  thick  behind  It,  as  if  the  water  had  extended  back 
for  miles.  Prom  tnis,oauj»c.  retaining- walls  of  mortar  masonry  carelessly  backed,  have  been  bulged, 
and  eraeked,  by  the  infiltration  or  rain  behind  them ;  while  wall*  of  dry  masonrv  would  have  per* 
mltted  the  water  to .-..•- 


a 


through  the  open  Joints ;  and  would  therefore  have  stood  safely. 
Also  In  vessels  a,  5,  Pig  *H,  of  any  size  or  shape  whatever.  If  they  contain 
the  same  vert  depth  of  water ;  and  have  equal  bases  o  o,  pressed  by  said  depths 
of  water,  the  pressures  on  the  bases  will  all  be  equal,  without  anv  regard  to 
theouantfty  of  water.  Or,  if  we  have  two  water-pipes  of  the  same  dUra.  both 
full  or  water,  one  standing  vertically.  10  feet  long ;  and  the  other  20  miles  long, 
and;  laid  at  an  Inclination  or  H  ft  per  mile,  so  as  to  make  its  eert  depth  of  water 
also  10  ft,  the  pressures  at  the  lower  ends  of  the  two  pipes  will  be  equal. 
This  fact,  that  the  pres  on  a  given  surf  at  a  given  depth  is  Independent  of 
the*  quantity  of  water,  1*  called  the  hydrostatic  paradox.  In  the  vessel  a,  the 
pres  on  the  bane  is  much  greater  than  the  wt  of  the  water ;  but  In  5,  It  is  lens. 

Ban.  9.   Since  the  pres  of  water  against  any  point  is  at  right  angles  to  the  surf  at  that  point,  It  fol- 
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e  This  to  strictly  true  as  regards  the  pres  of  the  water  alone ;  and  this  is  usually  all  that  is  required. 
Bat  ll  mast  be  bernd  In  mind'  that  the  snrf  of  the  water  Is  Itself  pressed  by  the  air;  to  the  average 
extent  (near  the  level  of  the  sea)  of  about  14.7  lbs  per  sq  inch;  or  2117  lb*,  or  nearly  1  ton  per  sq  foot. 
Therefore,  to  9mA  the  tree  total  pres,  we  should  mult  the  area  In  sq  ft  of  the  surf  pressed  by  the  water, 
by  2117  sss;  and  add  the  prod  to  the  water-pree  given  by  the  rale.  Bat  In  ordinary  engineering  oases, 
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lows  that  prop*  ftp,  for  strengthening  suoh  structures  as  the  tloplng  dam  D,  Fig  3,  should  be  placed 
at  right  angles  to  theui  In  order  to  oppose  the  greatest  possible  resistance  to  the  pre*.  Other  consid- 
erations may  at  times  prevent  onr  doing  so;  thus  the  outer  prop,  p.  if  so  plaoed,  would  be  in  danger 
of  being  broken  by  ice,  er  logs  tumbling  over  the  dam ;  and  therefore,  had  better  be  more  nearly 
vertical.  < 

Rkm.  4.  It  follows,  from  the  foregoing  rule,  that  in  a  cubical  vessel,  filled  with  water,  the  pres  on 
the  base  Is  equal  to  the  weight  or  the  water ;  that  on  each  of  the  four  sides,  to  half  the  weight  of  the 
water ;  and  that  on  the  bottom  and  the  4  sides  together,  to  3  times  the  wt  of  the  water.  In  a  conical 
▼easel,  forming  an  entire  cone,  the  pres  on  its  hor  base  is  equal  to  3  times  the  wt  of  the  water ;  and  so 
likewise  in  a  pyramidal  vessel ;  for  in  both  cases  the  wt  of  the  water  is  bat  H  that  of  a  uniform  column 
pf  water  of  the  same  height.  In  a  full  spherical  vessel,  the  total  pres  against  its  entire  interior  surf. 
Is  also  equal  to  3  times  the  wt  of  the  water,  as  in  a  cubical  one. 

Since  the  pres  increases  with  toe  depth,  the  props  in  the  dam,  Fig  3, 
should  be  closest  together  near  the  bottom ;  also  the  hoops  of  a  tank. 

Relation  between  depth  and  pressure.  With 

water  at  its  maximum  density  of  62.425  pounds  per  cubic  foot 
=  1  .gram  per  cubic  centimeter,  corresponding  to  a  temperature 
of  4°  Centigrade  =  39.2  Fahrenheit,  we  have : 


Pressure  in  pounds  per  sq.  inch 
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=  0.433507  X  depth  in  feet 
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0.3630039 

7.2046414 
1.4421851 

=  0.192231   X  "  "  "      foot.  1.2838226 

meters         =10.  X  "        kilograms'4      centimeter.  1.0000000 

centimeters  =  1.  X  "        grams        **  44  0.0000000 

For  tables  of  Jbeads  and  pressures,  see  pp.  304  a,  bt  and  c 

Thai  we  see  that  at  the  depth  of  86  ft,  the  pres  of  water  against  a  single  sq  ft  of  surf,  whether  her, 
vert,  or  oblique,  is  fully  1  ton ;  requiring  great  precaution  to  prevent  leakage,  or  breaking.  At  73  ft, 
It  would  be  2  tons.  Ac.    A  pres  of  62Jf  fts  per  sq  ft  gives  a  pres  of  .434  lbs  per  sq  inch. 

Further;  let  a  b,  Fig  &H,  be  a  tube  of  36  ft  vert  height;  fall  of  water;  with  a  bore  no 
small  that  the  tube  would  contain  say  only  one  pound  of  water;  and  let  this  tube  open  at 
its  lower  end  into  a  vessel  also  full  of  water ;  the  top  and  bottom  of  which  are  8  ft  apart. 
Then  the  1  lb  of  water  in  the  tube,  will  cause  each  sq  ft  of  the  top  of  the  vessel,  (which 
is  36  ft  below  the  surf  of  the  water  in  the  tube)  to  be  pressed  upward  with  a  force  of  2250 
lbs,  as  per  table.  Each  sq  ft  of  the  bottom  of  the  vessel  (whloh  is  44  ft  below  the  surf 
of  the  water  in  the  tube)  will  be  pressed  downward  with  a  force  of  2750  lbs ;  and  any  par- 
ticular sq,  ft  of  the  sides  of  the  vessel,  will  be  pressed  bor  outward,  with  the  force  given 
in  the  table,  opposite  to  the  depth  of  the  cen  of  grav  of  said  sq  ft  below  the  same  water 
surf  of  the  top  of  the  tube,  whatever  said  depth  may  happen  to  be.  Or,  suppose,  first 
only  the  !ower  vessel  to  be  filled  with  water,  and  its  inner  surf  to  be  sustaining  the  pres 
arising  therefrom ;  if  we  then  fill  the  36  ft  tube  with  its  1  lb  of  water,  this  1  lb  will  create 
an  additional  pres  of  2250  lbs  against  every  sq  ft  of  said  inner  surf  t  so  that  if  the  •  sides  of  the 
vessel  he  each  8  ft  square ;  or  contain  in  all  384  sq  ft  or  inner 'snrf.  this  1  lb  of  water  will  produce  adaW 
Honal  pres  of  864000  lbs,  or  full  386  tons,  against  them.  If  we  then  press  upon  the  top  of  the  water 
with  our  thumb  to  the  extent  of  1  lb,  we  shall  thereby  redouble  this  enormous  pres.  This  fact,  how- 
ever, belongs  to  Art.  7, 

Art.  2.   Sarro«f9  pressed  on   both  sMe»$ 

When  two  bodies  of  water  of  diff  depths,  press  against  two  oppo- 
site sides  of  a  plane  which  is  completely  immersed,  whether  vert  or 
sloping;  as,  for  Instance,  against  the  two  sides  ah,  no,  Fig 4;  or 
the  two  sides  d  e.  e  r,  then,  the  total'  pres  against  i  b,  i  e,  a  b,  n  o,  or 
«  r,  Ac,  may  still  be  found  by  the  foregoing  rule,  in  Art  1 ;  but  the 
■xoiss  of  pre*  against  the  part  a  b,  or  d  e,  of  the  ifnmeraed  plane, 
beyond  the.  counter -pres  against  the  opposite  part  n  o,  or  or,  will 
be  equal  to  the  wt  of  a  column  of  water  whose  section  is  equal 
to  the  area  or  the  part,  a  b,  or  d  e,  (as  the  case  may  be ;)  and 
whose  vert  height  is  equal  to  m  n,  or  x  o»  the  vert  diff  of  level  pf  the 
two  bodies  of  water.  Consequently,  this  excess  of  outward  pres  is 
found  by  mult  together,  the  area  of  a  b  or  4  e,  in  sq  ft;  the  vert 
height  m  n  or  xp,  in  ft;  and  the  oonstant  62A  lbs  wt  of  a  cub  ft  of 
water.    Thus,  if  a  6  is  10  ft  high,  and  20  ft  long ;  and  the  vert  height 

mn,  13  ft;  then  the  excess  of  pres  against -a  b,  over  that  agalnstn^wUlbelOXlOxllXSLo^SOOJB 
ft*.  The  excess  will  be  greater  on  de,  than  on  a  b,  although  both  are  exposed  to  the  sum  tart  depths 
m  «,  g  p ;  because  the  area  of  d  e  Is  greater  than  that  of  d  b.  Moreover,  this  excess  of  outward  pres 
Is  equaUg  distributed  over  the  entire  area  ot  ab  or  de;  being  no  greater  at  b  and  s,  than  at «  or  4 ; 
in  other  words,  every  so.  ft  of  area  of  a  b  or  4  e  Is  pressed  outward  at  right  angles  to  lie  snrf,  by  an 
eweess  of  force  equal  to  the  wt  of  a  oolumn  of  water  1  ft  sq;  and  of  a  height  equal  to  as  n,  or  an, 

this  pres  of  the  air  may,  and  should  be  omitted  ?  because  it  Is  counterbalanced  by  an  equal  pre*  of  air 
against  the  opposite  side,  face,  or  surf  of  the  pressed  body.  It  becomes  necessary,  therefore,  to  take 
tt  Into  consideration  only  when  the  opposite  faee  of  the  body  Is  not  exposed  ton  r 
atmotpherio  pressure ;  as  when  there  to  a  vacuum  on  that  side. 
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evidently  the  diff  between 


This  win  be  understood  by  means  of  Fig  5,  which  may  represent  five 

E leaks,  1,  S,  8,  4,  and  5,  forming  a  dam,  and  seen  endwise ;  each  oue  1  ft 
i  depth,  and  say  SO  ft  long  nor ;  making  the  area  of  earth  surf  pressed, 
aual  to  20  sq  ft.  The  pros  in  lbs  against  eaeh  separate  20  sq  ft  of  area, 
ieulated  by  the  rale  in  Art  1,  is  shown  In  the  fig.  Now,  the  outward 
pres  against  the  upper  immersed  30  ft  area,  or  that  or  plank  3,  is  2125  lbs : 
while  the  oounter-pres  against  it  from  the  other  side  is  625  lbs :  making 
the  escess  of  outward  pres  equal  to  3125  — 625=2500  lb*.  Again,  at  the 
lowest  plank,  number  5,  the  outward  pres  exceeds  the  inward  one  by 
5625  —  3125  =  2500  lbs,  the  same  as  to  the  upper  one.  And  so  of  any  other 
equal  area  of  surf,  at  any  depth  whatever ;  the  exoess  depending  upon  the 
vert  height  ofmn,  will  be  equally  distributed  over  a  b.  It  only  remains 
to  show  that  the  total  exoess  of  outward  pre*  against  a  b,  is  equal  in 
amount  to  the  wt  of  a  uniform  oolamn  of  water  with  a  base  equal  In  area 
to  a  6,  and  with  a  height  equal  torn*.  Thus,  we  have  seeu  that  iu  the 
Inatanoe  before  as,  the  exoess  amounts  to  3  times  2500  lbs,  or  to  7500  As. 
Vow,  the  wt  of  the  oolumn  or  water  will  be  60  (or  area  of  •  o)  X  m  n  (or 
2  ft)  X  62.5  lbs  =  7500  lbs ;  or  the  same  as  the  excess  pres  on  a  b. 

The  exoess  or  pres  against  the  entire  side  s  6,  over  that  against  n  o,  Is 
those  two  pressures  calculated  respectively  by  the  rule  in  Art  1. 


Art.  3.  Surfaces,  vert,  m  b  m  e  9,  a  n  o  t,  Fig  6,  or  otherwise,  of 
equal  widths,  b  m,  a n;  commencing:  at  the  level,  bnnm»  of 
the  water,  bnt  extending  to  diftT  depths,  tnc.no,  measured 
vert;  and  having-  the  same  inclination  to  the  surf  of  the 
water ;  sustain  total  pressures  proportional  to  the  squares 
of  those  depths. 

In  FJg  6,  let  the  two  vert  sides,  a  not,  and  6  m  e  s,  of  a  vessel, 
have  the  same  width  •  is,  and  6  mc  then  if  the  depth  m  c,  be  2,  8, 
4,  5,  Ac,  times  greater  than  the  depth  n  o,  the  pros  against  the  surf 
5  me*,  will  be  4,  9, 16.  25,  Ac,  times  greater  than  that  against  ano  t. 
This  will  be  seen  by  referring  to  the  pressures  figured  on  the  left  side 
of  Fig  5,  where,  as  stated  in  Art  2,  the  surf  of  plsnk  1,  exposed  to 
the  pres  on  the  left  side,  is  20  sq  ft ;  that  of  planks  1  and  2,  40  aq-ft; 
that  ef.plauks  1,  2,  and  3,  60 sq  ft,  Ac..  All  these  surfs  commence  at 
the.  level  of  the  water;  and  all  of  them  being  vert,  are  of  course  at 
the  same  inclination  with  the  water  s.urf ;  but  their  depths  are  re* 
speetlvely  1,  2,  and  3  ft.  The  pres  agafost  the  surf  or  1,  is  625  lbs; 
that  against  the  surf  of  1,  2,  is  6254*  1816  =  2500;  and  that  against 
the  surf  of  I,  2,  3,  is  625  + 1875  -j- 31  2$ =5625.  But  2500  ia/btw  times 
625;  and  5625  is  nine  time4  62o.    Abd  the  pros  against  the  entire 

mrf  «>.  (whieh  is  5  times  as  deep  as  plank  1,)  is  25  times  as  great  as  that  against  plank  1;  or 

•26  X  25  =  15625  fits  =  the  sum  of  ail  the  pressures  marked  on  the  left  side,  of  Fig  5. 
This  follows,  from  the  Bale  in  Art  1 ;  for  twlee  the  area  of  surf,  mult  by  twtee  the  vtirt  depth  of  the 

sen  of  grav  below  the  surf,  mast  give  4  times  the  pres;  three  times  the  area,  by  three  times  the  depth, 

meet  give  9  times  the  pres,  ice. 
It  follows,  also,  that  at  any  particular  point,  or  against  any  given  area  piaoad  at  various  depths,  the 

pres  will  lnerease  simply  as  the  vert  depth :  thus,  if  there  be  three  areas,  each  oue  sq  ft.  placed  in 

the  seme  positions,  bat  with  their  oenters  of  grav  respectively  8,  16,  and  24  ft  below  the  surf,  the  pres 

agatMt  them  will  be  respectively  as  8, 16.  and  24;  or  as  1,  2,  and  3. 

Art.  4.  The  pressure  of  quiet  water,  ia  Sfiy  one  given  di- 
rection, against  any  given  surf,  whether  vert,  hor,  inclined,  fljtt,  or  curved, is  equal 
to  the  wt  of  a  uniform  oolamn  of  water,  the  area  of  whose  section,  parallel  to  its  base,  is  everywhere 
eqoal  te  the  area  of  the  prqjettien  of  the  prwted  *urf  taken  perp  to  the  given  direction  ;  and  the 
height  of  the  oolamn  equal  to  the  Vert  depth  of  the  eon  of  grav  of  the  pressed  surf  below  the  upper 
surf  of  the  water.    Henee  the 

Rulb.  To  find  the  pres  in  lbs,  mult  together  the  arm 

fn  sq  ft  of  the  projection  taken  at  right  angle*  to  the  given  direction ;  tbe 
vert  depth  in  ft  of  the  cen  of  grav  of  the  pressed  surf  below  the  upper  surf 
of  th*. water;  and  the.cnnstant  62.5  lbs  wt  of  a  cub  ft  of  water. 

Kx.    feet  me»n.  Fig  7,  be  an  inclined  surf,  sustaining  the  pres  of  water 

which  is  level  with  its  top  m  e.    Then  the  total  pres  against  m  e>*»  and  at 

right  angles  to  it,  as  found  by  the  rule  in.  Art  1,  is  «n>  illustration  or  the  pres- 

ent  rule;  because  the  projection  of  man,  taken  at  right  angle*  to  the  given 

•*.      w  direction,  or  parallel  to  m  c  s  n,  is  in  fact  m  c  s  n  itself,  or  equal  to  ft.  Hence 

jgylfl  /  the  rule  in  Art  1  is  merely  a  simple  modification  or  the  present  one,  appli- 

J  •  cable  to  tbe  ease  of  tot<tl  pres  agatnst  any  surf. 

Bat  if  it  be  reqd  to  And  only  the  vert  or  downward  pres 
against  m  c  s  n,  in  pounds,  mult  together  the  area  of  the  hor  projection  ancm 
In  »q  ft;  the  vert  depth  in  ft  of  the  cen  of  grav  ofmein  below  the  surf;  and  62.5.  Or  if  only  the 
her  pres  against  m  c  s  n  be  sought,  mult  together  tbe  area  of  the  vert  projection  aotn;  the  vert 

depth  of  the  oeo  of  grav  of  m  e  s  n;  and  62.5. 

In  Fig  8  also,  the  total  pres  against  efghl*  found  by  rule  in  Art  1 ;  while 
the  hor  and  vert  pressures  against  it  are  found  as  in  Fig  *,  by  using  the  projeo 
none  e/ft  i,  and  high.  In  Fig  7  the  vert  pres  is  downward :  while  In  Fig  8 
it  Is  upward ;  but  this  oiroumstanee  in  no  respeet  affects  the  rule. 

Rem.  I.  At  any  given  depth,  the  pres,  perp  to  anv  given  surf,  is  the  same 
In  all  directions;  but  Figs  7  and  8  show  that  the  total  pres  oblique  to  a  given 
surf  will  be  less  than  the  perp  one  at  tbe  same  depth ;  because  an  oblique  pro- 
jection of  a  surf  must  be  less  than  the  surf  itself,  which  last  is  the  projection 
"When  the  pres  is  perp  to  it.  Thus,  in  a  reservoir,  the  total  pres  perp  to  s 
sloping?  side,  m  m  n  •  e,  Rig  7,  ie  greater  than  either  the  vert  or  the  hor  pre*  epon  it. 
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Again,  let  Pig  9  represent  a  cnnleal  T«—  ill  tall  or  waters  « 

•.Hum;  uiiuool  ibt  baaa  H.14U.  «i  n  i  u.  li-ujib  or  lii  Hut  iUi  *  t  or  4  c.1.1*  A 

Hi  llmw ol in nmi .imm ■tin  win u *="" Z  '■".  =  a.H  >q  n;  .„j  ,t,  /I 

it  if  Ike  lUiUae  iWeoUl  w  u  wo-tliitde  or  the  vt;i     y-i{ 
TbhI^i  efalen'  ".  ■"£>  ikta,  VSJ'iUi'rS*!  Big  9 

d  Un  itri  dvptb  ar  iba  eeo  of  pew  or  iho  elul  ridae,  1  ft.    TbenTere, 
i  iu,v  3ree  dlnetka  -falau  ibe  ■lam  sldn  of  ahh  naif  of  the  «*«.  ve 


* > 

yLf. _.,...  n 
Vl  Vk 


RlK.  %    If  a, bridge  pier.  Or  other  ronstrnetloa, 

r lag-  M  U,  M  founded  •*  wind  or  <rr* vet,  arim;  kind  of  ^^aw^^ 

1»                           In  ..II       irordt,  Ltt  orrrttl™  nl  of  to.  ..l-njri  fnlbBil taa  atar,  I*ew>B>l 

•III  be  redoeed  nn  Oporooon;  .raaorljtta  bolf  or  tin  oidleatj  .I  of  .i..rj  MHl 

But  If  the  (hniinnllon  br  n  rwh,  KTtrfi  rtth  >  ]<t«  Rf'*J 


whether  Terl  m*  abed,  or  Inel   . 
mn op,  Fie;  11,  whose  top  otM*m_. 
level  with  the  anrf  nt  the  water,  by  a      L 
h«r  Hide  x  S,  sueh  (hat  the  totnl  pre* 

aalirnt  the  part  above  aald   her  fine, 
nil  eqnal  that *— *  " '  — 


t  acalnBt  the  part  be- 


gsr;^      R«n 


Art.  6.  In  a  reetnntfnlar  miirf.  whether  vert  aa  a  b  e  d,  or  la* 
eltunl  a*  mnop,  Fl*  II,  whose  top  oft  or  nan  eolnctdefi  with 
the  anrr  of  the  water,  to  find  hut  nam  her  of  points,  «a  I,  a.  At. 
Ihrona-h  whleh  If  hor  lines,  a*  ■  a,  aa,  ate.  be  drawn,  they  will 
divide  the  given  nnrr  Into  nm  tiller  rMtaainlaa,  nil  off  which 
■hall  nnatafn  equal  preaaarea. 


•  In  a  sphere  Ailed  with  ■  flnld  the  total  lrmfda  pi 
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&  e  or  >»  j>.  as  the  case  may  be.  Div  the  prod  by  the  number  of  rectangles.  The  quot  will  be  the  diet 
i  1.  or  n  1,  i<>  the  case  may  be.  «• 

For  the  diet  A  2,  or  « 2,  proceed  in  precisely  the  tame  way;  only  instead  of  the  number  1,  use  the 
number.  2  to  be  mult  by  the  number  of  reotsngles:  and  ao  use  successively  the  numbers  3,  4,  5,  *e» 
if  it  be  reqd  to  find  that  number  of  points. 

Ex;  Let  ft  c  =  10  ft ;  and  let  it  be  reqd  to  find  2  points,  I  and  2,  for  dividing  the  rectangular  surf 
•  b  e  d  into  3  rectangular  parts,  which  shall  sustain  equal  pressures.    Here  we  have  for  point  1, 


17.82        _ 
3  rectangles 

24.49 


5.773  ft= e  L 


3  rectangles 


=  8. 168  ft  =  61. 


1X3=3.     The  sqrt  of  8=1.732.    And  1.732  X  10  (or  ft  c)  =  17.32.    And 

For  point  2,  we  hare 

2X3=6.   The  sqrt  of  6=2.449.  And  2.449  X 10  (or  b  o) =24.49.  And 

And  so  for  any  number  of  points. 

Rem.  1.  This  rule  will  be  found  useful  In  spacing  the  cross- 
ban  of  lock-gate* ;  the  hoops  around  cylindrical  cisterns ; 
and  the  props  to  a  structure,  like  Fig  S. 

Bra.  2.   For  dividing  any  snrf,  as«  b  e  if,  Fig  12,  which  is  not 

rectangular,  in  the  same  manner, 

with  au  accuracy  sufficient  for  most  practical  purposes,  per* 
baps  the  following  method  is  as  eonveuieui  a*  any. 

Rout.  Pint  div  the  surf,  as  in  Fig  12,  into  several  small 
her  parts,  equal  or  not,  At  pleasure.  Then  by  Rule  in  Art  1, 
flud  the  pres  on  each  part  separately,  as  is  supposed  to  be 
done  in  the  numbers  on  the  led  hand  of  the  tig.  The  sum  of 
these  (in  this  case  15510)  is  the  total  pres  against  the  entire 
surf  o  b  e  d.  Now  suppose  we  wish  to  div  this  surf  in  4  parts 
bearing  equal  pres;  first  div  15510  by  4  =  3878.  Then  begin- 
ning at  the  top,  add  together  a  number  of  the  separate 
pressures  sufficient  to  amount  to  3878;  by  this  means  find 
point  1.  Tbeu  proceed  with  the  addition  until  the  sum 
amounts  to  twiee  3878,  or  7756,  which  will  indicate  point  2; 
and  in  the  same  manner  flud  point  3.  by  adding  up  to  three 
times  3878  or  1 1634.    Then  the  hor  dotted  lines  ruled  through 

Glnu  1.  2.  and  3,  will  gi^ve  the  reqd  divisions  approximately, 
this  manner  the  hoops  of  conical,  and  other  shaped  ves- 
sels, may  be  spaced  nearly  enough  for  practical  purposes. 


Total  =  15510 


c  »H    iuvu.     >wu,  it 

i— I  ton,  or  any  other  t 

J   L  D,  or  R,  every  sq ; 

f         >v      ..  will  instantly  rece 

a     /  v~\E  1  ton,  Ac :  in  add 


Fi«r.  12. 

Art*  7.  The  transmission  of  pressure  through  water.  Wa- 
ter, In  common  with  other  fluids,  possesses  the  important 
property  of  transmitting  pres  equally  in  all  directions.  Thus, 

suppose  the  vessel,  Fig  13,  to  be  entirely  closed,  and  filled  with  water; 

1*  and  suppose  the  transverse  area  of  T,  C,  D,  and  E.  to  be  each  equal  to  one 

C  sq  inch.  Then,  if  by  means  of  a  piston,  or  otherwise,  a  pres  of  1  lb.  1 

ton,  orany  other  amount,  be  applied  to  the  one  sq  inch  of  area  of  T,  C, 

_  inch  of  the  Inner  surf  of  the  vessel,  and  of  the  pipe  a, 

receive,  at  right  angles  to  itself,  an  equal  pres  of  1  lb,  or 

addition  to  the  pres  which  it  before  sustained  from  the 

water  itself;  and  this  will  occur  if  the  vessel  consist  of  parts  even  miles 

asunder ;  as,  for  instance,  if  T  were  miles  distant  from  E ;  and  united 

to  it  by  a  long  series  of  tubes.    If  the  vessel  were  a  strong  steam  boiler 

full  of  water,  a  single  pres  of  a  few  hundred  pounds  at  T,  G,  Ac,  would 

burst  it.    See  also  fig  8Jf. 

Tig.  13.       D  The  hydrostatic  press  acts  on  this  prin- 

ciple.   Any  body,  within  the  vessel,  would  also  receive 
as  equal  additional  pres  on  each  sq  Inch  of  its  surf. 

If  the  top  of  T  be  open,  the  air  will  press  upon  the  sq  tnoh  of  the  exposed  snrf  of  water  to  the  extent 
of  nearly  16  s>s ;  and  the  same  degree  of  pres  will  also  be  transmitted  to  every  sq  lnoh  of  the  interior 
snrf  of  the  vessel,  and  Its  connecting  tubes ;  but  no  danger  of  bursting  will  result  from  this  atmo- 
spheric pres,  because  the  air  also  presses  every  sq  inch  of  the  outside  of  the  vessel  to  the  same  extent. 

Air,  and  other  gaseous  fluids,  transmit  pres  equally  iu  all 
directions,  like  liquids :  but  not  as  rapidly. 

Art.  8.    The  center  of  pressure.    Let  Fig  14 

represent  a  vessel  full  of  water,  and  suppose  the  side  P  to  be  perfectly 
loose,  so  as  to  be  thrown  outward  by  the  slightest  pres  of  the  water  from 
within.  Now,  there  is  but  one  single  point,  P,  in  every  snrf  so  pressed, 
no  matter  what  its  shape  may  be,  to  which  if  we  apply  a  force  equal  to 
the  pres  of  the  water,  and  in  a  direction  opposite  to  sa'id  pres,  the  side  P 
will  be  thereby  prevented  from  yielding.  Such  point  is  called  the  cen- 
ter of  pressure.  It  must  not  be  understood  by  thin  that  the  actual 
amount  of  pres  of  the  water  against  that  part  of  the  surface  which  is 
above  the  hor  dotted  line  passing  through  P.  is  equal  to  that  of  the  water 
below  said  line ;  but  that  the  snm  or  the  products  of  the  several  pressures 
above  it,  mult  by  their  several  leverages,  or  vert  diets  from  P,  is  equal 
to  the  snm  of  the  products  of  the  pressures  below,  mult  by  their  lever- 
ages ;  or,  in  other  words,  tht»t  the  sum  of  the  moment*  around  the  point 
P,  of  the  pressures  above  the  line,  is  equal  to  the  sum  of  the  moment* 
Tig- 14.  or  those  below  it;  so  that  If  a  hor  iron  rod  b  b  were  passed  entirely 

through  the  side  P,  at  the  same  level  as  the  dotted  line,  as  shown  in  the 
ng,  so  m  to  air  ye  as  a  hinge  for  the  side  P  to  turn  on,  the  side  would  have  no  tendency  to  tarn. 
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Art.  9.  To  And  the  een  of  pros  off  a  quiet 
fluid,  against  a  plane  surface.    Fig  15. 

1.  The  oeuter  of  pressure  wf  a  quiet  fluid  against  aujr  plane  surface 
whose  width  it  uniform  throughout  iU  depth,  whether  said  surface  be 
vertieal,  as  e  o,  or  Inclined,  an  0  a,  (or  iudlned  in  the  opposite  direotioo :) 
and  whose  top  e,  or  e,  ooinoides  with  the  nor  water  surf;  is  distant  vert 
below  the  water  surf,  two-thirds  of  the  vert  depth, « a,  from  said  water 
surf  to  the  bottom  of  the  plane;  as  at  n  and  i.  Inaaniueh  as  a  hor  Hne 
at  %  of  the  depth  x>1  s  x,  intersects  both  e  •  and  e  0  at  %  of  their  lengths 
respectively,  we  might  saj  st  once  that  the  center  of  pres  against  a  plane 
of  uniform  width  is  at  two-thirds  of  its  length  below  the  water  snrfaoe. 

Throughout  Art  9  any  measure,  a* yard,  foot,  or  inch 
Ac,  may  De  used. 

2.  Rut  if  the  hor  top  a,  or  o,  Pig  16,  of  the  rectangular  plane  00,  or 
o  h,  be  covered  to  some  depth  with  water,  then  the  vert  depth  em,  of  the 
eeu  of  pros  4,  or.e,  below  the  sorf  of  the  water,  will  be  equal  to 

cube  of  « e  —  cube  of  ih 
of 


i 


square  of  •  e  —  square  of  t  to 
where  ee  Is  the  vert  depth  of  the  bottom,  and  e«r  the  vert  depth  of  the 
top,  of  the  pressed  surf,  below  the  water  surf.  Or,  in  words :  From  the 
cube  of  sc,  take  the  cube  of  »w;  and  call  the  rem  a.  Then,  from  the 
square  of  s  e,  take  the  square  of  a  w ;  and  call  the  rem  6.  Div  a  by  ft, 
and  take  two-thirds  of  the  qnot  tor  s  in. 


Fig.  15 


Fig.  18. 


8.  When  a  plane  surf  of  any  shape  whatever,  whether 
rectangular,  triangular,  or  circular,  Ac;  whether  vert  as 
op,  Fig  17,  or  inclined  as  mn,  is  entirely  immersed,  so  as  to 
be  pressed  over  the  entire  area  of  both  sides  -  but  by  dig 
depth*  of  water  on  its  two  sides ;  then  the  cen  of  pres  ooin- 
oides with  the  een  ofgrav  of  the  pressed  surf. 

In  the  8  foregoing  figures  the  supposed  snrfaees  are  shown 
edgewise,  so  that  their  widths  do  not  appear. 


Fig.  17. 


4.  In  any  triangular  plane  surf,  whether  right-angled,  or    1 
Otherwise,  as  a 6c.  Fig  18;  whether  vert,  or  inclined;  the  ease 
a  ft  of  which  ooinoides  with  the  hor  surf  of  tbe  water ;  the  cen 
of  pres  o,  will  be  in  the  center  of  the  line  e  r,  which  bisects  the 
base  a  o. 

5.  Bat  if  the  triangle,  as  a  •  e,  vert,  or  inclined,  have  its 
apex,  a,  at  the  surf  of  the  water;  and  its  base  »c,  hor;  then  the 
een  of  pres  x,  will  also  be  in  the  line  am  which  bisects  the  base; 
bnt  ax  will  be  #  of  am. 


6.  If  any  plane  triangle  abe,  Fig  19,  base  np,  and  hor :  have  its  base 
aft  covered  to  some  depth  nd,  with  water;  then  the  cen  of  pres  0,  will 
be  In  the  line  c«  which  bisects  the  base ;  and  no  will  be  equal  to 

ma»  -f-  (2ms  X  ma)  •+•  8m a* 

(ma  +  2 ma)  X  2. 


7.  The  ©enter  of  pres  against  any 
plane  rectangular  Burface,  Fig  20, 
whether  vert  as  m  n,  or  inclined  as 
poyor  wx;  having  its  top  coinciding 
with  the  surf  of  the  water;  and 
pressed  by  din*  depths  of  water  on 
Its  opposite  sides,  as  shown  in  the 
fig;  will  be  v«ft  below  tbe  upper 
water  surf,  a  diet  equal  to 

o/t>ert\ 


Fig.  19. 


Fig.  3a 


(-    „*  soo/oertv      /  .       .      saqrvem      /  *«,*        areas/         ••t     \ 

^»W.v^fi^)-(.rs.l'S^»-i--)-(*R»  *«£&  *  *p) 
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8.  To  find  the  cen  of  pres  against  either  a  circular,  or  an  elliptic  eurf,  pressed  on 
one  side  only;  whether  vert,' or  inclined;  and  having  its  top  either  coinciding  with 
the  surf  of  tiie  water,  or  below  it. 

Gall  the  vert  depth  of  the  cen  of  pres  below  the  water  surf,  h. 

The  vert  (or  inclined,  as  the  case  thay  be)  Mmi-diam  of  the  surf,  r. 

The  vert  dist  of  the  cen  of  the  pressed  surf,  below  the  water  surf,  d. 

r* 
Then,  A  =  —  +  d.    In  a  vert  circle  with  top  at  surf,  h  =  \%  rad. 

10.  Walls  for  resisting  the  pres  of  qniet  water.  A  study 

of  what  we  have  said  on  retaining-walls  for  earth, 
will  be  of  service  in  this  connection.  It  is  of  course 
assumed  that  the  water  does  not  find  its  way  under 
the  wall ;  and  that  the  wall  cannot  slide.  In,  making 
calculations  for  walls  to  resist  the  pres  of  either  earth, 
or  water,  it  is  convenient  to  assume  the  wall  to  be  but 
one  foot  in  length  ;  (not  height,  or  thickness ;)  for  then 
the  number  of  cub  ft  contained  in  it,  is  equal  to  that 
of  the  sq  ft  of  area  of  its  cross-section,  or  profile;  so 
that  these  sq  ft,  when  mult  by  the  wt  of  a  cub  ft  of 
the  masonry,  give  the  wt  of  the  wall.  In  ordinary 
cases,  it  is  well  for  safety  to  assume  that  the  water 
extends  down  to  the  very  bottom  line  of  the  wall. 
Now,  by  Art  1,  the  total  pres  of  quiet  water,  against 
the  rectilineal  back  of  a  wall,  whether  vert  or  sloping,  is  found  in  lbs,  by  mult  to- 
gether the  area  in  sq  ft  of  the  part  actually  pressed,  (or  in  contact  with  the  water;) 
half  the  vert  depth  of  the  water,  in  ft,  (being  the  vert  depth  of  the  cen  of  grav  of  a 
rectilineal  back,  below  the  surf;)  and  the  constant  62.5  lbs;  and  this  total  pres  is 
always  perp  to  the  preyed  area. 

When  ike  back  of  the  watt  is  vert,  as  in  Fig  20V£,  this  pres  p  is  of  course  less  than 
when  it  is  battered ;  and  is  also  hor ;  and  it  tends  to  overthrow  the  wall,  by  making 
it  revolve  around  its  outer  toe,  or  edge  t.  The  cen  of  pres  is  at  c;  c«  being  %  the 
vert  depth  on;  in  other  words,  the  entire  pres  of  the  water,  so  far  as  regards  over- 
throwing the  wall  as  one  mass,  (see  Force  in  Rigid  Bodies,)  may  be  consid- 
ered as  concentrated  at  the  point  c;  where  it  acts  with  an  overthrowing  leverage  t  J, 
(see  Arts  46, 47, 49  of  Force).  The  pres  in  fi>s,  mult  by  this  leverage  in  feet,  gives  the 

moment  in  ft-Ibs  of  the  overturning  force;  (see  Art  49, 
Force  in  Rigid  Bodies.)  The  wall,  on  the  other  hand, 
resists  in  a  vert  direction  g  a,  with  a  moment  equal  to  its 
wt  (supposed  to  be  concentrated  at  its  cen  of  grav  gy)  mult 
by  the  hor  dist  a  t,  which  constitutes  the  leverage  of  the 
wt  with  respect  to  the  point  t  as  a  fulcrum.  If  the  mo- 
ment of  the  water  is  greater  than  that  of  the  wall,  the 
latter  will  be  overthrown;  but  if  less,  it  will  stand.' 

Rim.  1.  Art  49  of  Force  in  Rigid  Bodies,  will  sufficiently 
explain  the  subjects  of  moments  and  leverage;  and  make 
it  evident  that  the  same  principle  applies  also  to  sloping 
hacks,  as  in  Fig  21.  Here  the  overturning  moment  of.  the 
water  is  equal  to  its  calculated  pres  p  X  its  leverage  tl; 
while  the  moment  of  stability  of  the  wall  is  equal  to  its 
wt  X  its  leverage  at.  By  aid  of  a  drawing  to  a  scale,  we  may  on  this  principle  ascer- 
tain whether  any  proposed  wall  will  stand.  For  we  have  only  to  calculate  the  pres  p ; 
then  apply  it  at  c,  and  at  right  angles  to  the  back ;  prolong  it  to  I;  measure  tlby  the 
same  scale.  Then  calculate  the  wt  of  wall ;  find  its  cen  of  grav  g  ;  draw  g  a  vert,  ai«d 
measure  the  leverage  a  t.  We  then  have  the  data  for  calculating  the  two  moments. 
For  finding  the  cen  of  grav,  see  Gen  of  Grav,  Trapezoid,  p.  361  c. 

Ran.  2.    If  the  water,  instead  of  being  quiet,  is  liable  to  waves,  the  wall  should 
be  made  thicker. 


HYDROSTATICS. 


Art.  U.    To  And  tlietfclBkiie»*tlMtae<trB  wall  required  to 

safe  agninat.  owrfumtJij;  under  ihe  pres  or  quirt  water  level  with  iu  tap,  *i 
pressing  agalnit  its  entire  rert  hack.    t»w<lo».    See  Art.  13,  p  231. 

(1st)  Vertical  null.  Fig  S3. 


rtilckneai      Height,       I   Factor  of  safely  •        Height      Ihe  properdeetmal 
in  feet    -  in  Oat  *  \  |  x  ,p  gr%,  ^  ,a|i  =  in  feet  *  in  following  table 

To  change  a  rert  wall  Into  a  battered  one,  use  Art.  a,  p  891. 
(2d)  Bitrhl  tungled  trlnna;nl*>r  wall.  Fig  23. 


Thlekneas      Height         /   Factor  of  safer  v  *        Height      the  proper  decimal 
at  bare    ^  |a  feet  X  \  2  x  ,p  g„T  of  wall  "  '"  "«*  X  la  ""owing  table 

=  thickness,  m  q,  of  vertical  wall  X  1.228. 
Notwithstanding  their  greater  thickness  at  baae,  such  triangular  walla  con- 
tain, is  seen  t>v  the  lltf,  not  much  mure  than  half  the  quantitj  orinaaonrv  reqd 
for  rert  ones  of  equal  stabilir  v.    This  is  owing  to  tlie  fact  that  their  cent  of 
grav  is  thrown  farther  hack;  thus  increasing  the  leverage  br  which  the  wt of 

(Sd)  Wj.ll  with  vertical  back  and  aloplnt-  face,  Fig  24. 

Thickness         l(HU,ft  xinvt<>r^^i(^V\i  -  il.sttgrAn'.frTs"nCTaTof  waH) 
In  feet    ~\  3  X  specific  gravity  of  wall 

"=  Height  Id  feet  x  the  proper  decimal  in  the  following  table. 
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Art,  12.   Table  showing*  hew  the  stability  of  a  wall 
Ins;  water  Is  affected  by  a  change  in  the  form  of  the  wall  i 

the  quantity  of  masonry  remaining  the  same.  Rkm.  When  the  base  of  a  tri- 
angular wall,  of  sp  grav  2,  is  lege  than  }  the  ht,  the  stability  ia  greatest  when 
the  water  presses  the  vert  side;  but  if  the  base  exceeds  \  the  ht,  the  stability 
ia  greatest  with  the  water  on  the  battered  side.    Caution.    See  Art.  13. 


l 

t 

3 

4 
5 
6 
7 
8 

10 
11 
12 
13 
14 
15 
16 
IT 
18 


All  these  walls  contain  precisely  the  same 
quantity  of  masonry.  l'he  masonry  is  supposed 
to  be  mortar  rabble,  weighing  12o  lbs  per  cqbio  foot ;  or  twice  as  much 
a*  water;  or  about  tbe  same  as  ordinary  rough  mortar  rubble.  It 
the  sp  gr  of  tbe  masonry  Is  actually  greater  or  less  than  thin,  the 
safety  also  will  be  greater  or  less,  in  precisely  tbe  same  proportion. 

Vertical  wall 

Pace  Tertteal  j  baok  batters  one-tenth  height 

**         ••  "         "       one-fifth        "      

"         "  "         ••       one-fourth    •«      .' 

"         "  "         "       one-third      "      

"         **  *'         u       foar-tenths  «*      ,  

«*         "  **        **       one- half        "      

Back  rertioal;  ffcce  batters  one-tenth  height 

•*         ••  •«         »•       one- fifth       ••      

"         "  "         «•       one-fourth    "      

«•         "  *•         **       one-third      *«      

"         "  *'         ••       foar-tenths  •• 

M         •«  4*         "       one-bftlf        "     

Back  and  face,  each  batter  one-tenth  height 

••         M  «•         "       one-fifth       •«      

«'  «•  "  "        one-fourth    •*      

••         "  •*         "       one-third      "      

"         "  •«         "       four-tenths  "      


Base  in 

Approx 
resist  of 

parts  of 

height. 

wall. 

.6 

1.6 

.65 

1.8 

.6 

2.» 

.825 

2.6 

.667 

8.5 

.7 

4.6 

.75 

14.6 

.65 

1.8 

.6 

2.1 

.625 

2.2 

.667 

2.4 

.7 

2.6 

.75 

2.6 

.6 

2.2 

.7 

8.4 

.75 

4.6 

.833 

9.0 

.9 

36.0 

Art.  IS*    Liability  of  wall  or  foundation  to  crush  under 

nneqnal  distribution  of  pressure.    Arts  11  and  12  applv  only  to 

the  lability  of  a  rigid  wall  resting  upon  a  rigid  base,  and  therefore  incapable 

of  failure  except  by  overturning  as  a  whole.    They  show   that  the   stability  is 

greatest  wheu  the  water  presses  against  the  sloping  side.    But  in  practice  the 

point  where  the  resultant  of  all  the  pressures  on  the  base  of  the  wall  cuts  the 

base,  must  not  be  ao  near  to  either  toe  as  to  endanger  a  crushing  of  wail  or 

of  foundation.    This  consideration  often  makes  it  tost  to  let  the  water  press 

against  the  vert  back,  notwithstanding  the  consequent  loss  in  stability. 

Thus,  Fig  25  represents,  to  scale,  a  dam  wall  at  Poona,  India,  designed*  by  Mr. 

,  Fife,  C.  E.,  of  England.    It  is  of  mortar  rubble,  of  150 

ri>X        lbs  per  cub  ft.    Its  total  vert  height  is  100  ft ;  thickness 

tit?  at  base,  60  ft  9  ins :  at  top,  r  x,  13  ft  9  ins.    Tbe  front 

ru  slopes  42  ft  in  100  ft;  and  the  back  xv,  5  ft  in  100  ft. 

Its  foundation  is  7  feet  deep;  but  we  here  assume  that 

the  water  presses  against  its  entire  back  xv.    Through 

tbe  cen  of  grav  G  draw  G*  vert.     From  c,  where  the 

direction  of  the  pres  Pof  the  water  strikes  G«,  lay  off 

en  by  scale  =  139.6  tons  (of  2240  lbs)  water  pres  against  1 

ft  In  length  of  xv;  and  ct  =  249.4  tons  wt  of  1  ft  length 

of  wall.    Complete  the  parallelogram  en  ml  of  forces. 

Its  diag  cm  represents  the  resultant  of  all  the  pressures 

upon  the  base  uv,  and  cuts  the  base  at  a,  20  ft  hack  frotn 

the  toe  u.    Doing  the  same  with  the  151.4  tons  pres  p 

against  ru,  we  get  the  resultant  oy.  which  is  greater 

than  cm,  and  cuts  the  base  (at.  t)  only  12.7  ft  from  the 

toe  v,  or  7.3  ft  less  than  a  is  from  u. 

Hence,  when  the  water  presses  against  xv  the  wall  is 

,  _^    ..     less  liable  to  fracture  or  crushing,  and  the  earth  foun- 

•    ^^vAi     datlon  uv  is  more  evenly  loaded,  and  hence  less  liable  to 

l"        'y    yield  unequally  so  as  to  cause  cracks  in  the  wall.    On 

"      this  account  xv  is  made  the  back  of  the  wall,  although 

the  moment  of  stability  of  the  wall  is  then  only  2.2  (calling  tbe  overturning 

moment  of  the  water  1),  while  if  the  water  pressed  against  ru  it  would  be  3,  or 

36  per  cent  greater. 

For  rales  governing  distribution  of  pressure,  see  Art  14,  p  231a. 
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14.    Distribution  of  pressure  over  the  base  »«,  Figs  25,  A, 
B,  C  and  D.    Let 

uv  =  the  length  of  the  rectangular  base,  or  of  any  rectangular  surface  common 
to  two  bodies  which  are  pressed  against  each  other;  or  (since  the  width  of 
the  surf  is  taken  as  1)  =  the  area  of  that  surf. 

P  =3  the  resultant  of  all  the  extraneous  forces  pressing  one  of  the  two  surfs 
against  the  other.  The  amount  of  its  pres  is  represented  by  the  trapezoid 
uosv%  Fig  A ;  triangle  uov,  Fig  B;  dyf  of  triangles  uod — dvs,  Fig  C ;  tri- 
angle uod,  Fig  D;  or  by  the  parallelogram  untv  in  all  four  Figs.  We 
confine  ourselves  to  cases  where  P  cuts  the  base  in  the  center  of  its  width 
measured  at  right  angles  to  uv. 

B  =  the  resultant  of  all  the  resistances  of  the  several  points  of  the  other  surf. 
It  Is  necessarily  equal  and  opposite  to  P. 

«n= = =  the  mean  pressure  f 

u*        uv       x.  }» per  unit  of  areas*. 

uo  =  the  maximum  pressure  I  r 

v  s  =  (Figs  A,  B,  C)      the  minimum  pressure  J 

This  Art.  applies  equally  whether  the  surf  is  bor,  vert  or  inclined,  and 
whether  the  forces  are  oblique  to  It  (Figs  A, B, C, D);  or  perp  to  it  (Fig  71,  p  857). 
If  oblique,  a  portion  of  the  resistance  B  is  that  of  friction.   See  Art.  35,  p.  318  e. 


The  parallelogram  untv  represents  the  pres  uniformly  distributed  over  ««, 
as  it  would  be  if  P  cut  uv  at  its  center,  e.  The  intensity  of  the  pres,  or  its 
amount  per  unit  of  area  of  uvt  would  then  be  everywhere  =  un. 

But  when,  as  in  our  Figs,  P  cuts  u  v  at  any  other  point,  a,  its  pres  is  unequallf 
distributed;  the  nearer  toe,  «*,  receiving  the  max  pres,  uo. 

If  (Figs  A,  B)  e  a  does  not  exceed  One-sixth  m«,  then 

maximum  pressure  uo  =  un  (l-\ 1   ;  and 

minimum  pressure  vs  =  (2  m  n)  —  uo    (See  *  and  Figs.) 

If  ea  s=  one-sixth  uv  (Fig  B),  this  becomes 

maximum  pressure  «*o  =  2  tin;  and  minimum  pressure •»  =  0. 

If  ea  exceeds  one-sixth  uv  (Fig  C),  vs  is  lest  than  0,  or  minus;  i  e,  the 
toe  v  has  a  tendency  to  rise,  and  actually  does  so  unless  prevented  either  by  the 
rigidity  of  the  pressed  part,  u  d,  of  the  base,  or  by  a  tensile  resistance  (as  by  the 
adhesion  of  cement)  in  the  remainder,  dv.  If  it  is  thus  resisted  by  tension  is 
dv  (Fig  C)  we  still  have 

maximum  pressure  uo  =  un  fl-{ I    ;  and 

minimum  pressure  vs  =  (2  un)  —  uo, 

*  Demonstration.    See  Figs  A,  B,  G.     Suppose  for  a  moment  that  R  remains  at  •  (so  as  to  be 
uniformly  distributed  over  u  e,  as  represented  by  untv)  while  P  is  at  a ;  then  P  nod  B  form  a  c 
1=  one  of  the  forties,  as  P,  x  their  perpendicular  distance  from  eaefe  other).    This  oeople 
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9*  being  the  tension,  (or  minus  pres)  per  unit  of  area,  at  e.  This  rarely  hap- 
pens; for  no  ordinary  mortar  or  cement  can  be  depended  upon  to  resist  such 
tensions  as  might  thus  occur. 

To  find  the  neutral  axis,  <*,  or  point  of  no  pres ;  lay  off  no  and  vst  and  draw 
os.  The  total  pressure,  uod,  on  va\  is  =  \  uo.ud  =  r  plus  the  tension,  dv*,  in 
dt  =  P+  \vt.dv. 

But  when  (as  usual)  uv  is  practically  incapable  of  resisting  tension,  P  is  sim- 
ply concentrated  upou  a  portion,  ud  Fig  D  (=  3  ua)  of  u  v.  Sua  is  then  practi- 
cally the  base ;  the  remainder,  d  v,  beiug  idle.    We  then  have 

mean  pres  on  8  u  a  = 


Sua 


p 
maximum  pressure  uo  ■  2  x  mean  pres  on  8  ua  =  2  ? —  =  w«  X 


pres  at  a\  and  from  d  to  t>,  ■■  0. 

In  any  case,  the  maximum  pressure  uo  should  evidently  not  exceed  the  safe 
strength  of  the  masonry  or  soil.  Therefore  (if,  as  usual,  no  part  of  the  base  is 
to  be  relied  upon  for  tension)  ea  in  feet  mast  not  exceed 

wvjinftX  (-5  —  * ^       *P. j?);t 

.     \        3  uv  X  safe  load  persq  ft/  * 

P  and  the  safe  load  being  in  the  same  unit ;  as  both  in  lbs,  or  both  in  tons,  etc. 

First  class  rubble  in  cement  mortar,  or  good  cement  concrete,  should  be  safe 
with  8  tons  per  s<j  ft,  which  limit  will  rarely  be  reached.  Sound  earth  or  gravel 
foundations,  sunk  to  a  depth  sufficient  to  protect  them  from  frost,  rain,  sliding 
etc,  should  be  safe  with  from  2  to  4  tons  per  sq  ft. 


to  press  «  downward  and  raiM  v.  This  tendency  causes  (and  la  restated  by)  a  eeoond  oeupie,  con- 
sisting of  an  inereaae,  nco.  of  the  pre*  on  u  e,  and  an  equal  decrease,  lea,  of  the  pree  on  ev ;  <  a, 
fee*  Instead  of  preaaing  on  «v  aa  before,  would  be  called  upon  to  help  reaiat  the  first  couple.  The 
points,  r  and  x,  at  which  the  resultant*  of  the  resisting  forces  n c o  and  tcs  act, are  opposite  to 
the  eeaa  of  grar,  O  and  Cf,  of  those  triangles.  Each  is  therefore  distant  %  of  half  ««  from  « ; 
and  their  dtst  rx  from  each  other,  measd  along  uv,  ia  twice  this,  or  %  «  v.  The  resisting  ooaple 
(f,  p.  S47el)  la  equal  and  opposite  to  the  first  one.    Heneeeaeh  of  Its  foroes,  nco  and  te$,  must 

bess fimooupje =  Z-l?-?=  the  additional  pri»a\ut,nco,<uk  u*.  (If  the  diet  apart 

lererageof  ne'e  and  f  es     Hup 
of  the  S  foroes  la  thus  meaad  along  u  v  In  both  couples,  said  dlsts  will  be  in  Abe  some  proportion  to 
erne*  oiMor  as  the  looorasot.)  The  moan  additional  pres  oo  us,  or  the  middle  ordinate  of  the  triangle 

»eo,  ls  =  ***=?-^_?^.  *J?;  and  the  max  additional  prea,  se,  ls  =  twioe  this,  srF-it*  .4. 

UO  %U9  2  %UV  , 

«*srJLxe«x5-X-±-=«n^  ^baeaoje^-lsstinY    And 
•        ve>  S      »«  «•    \  uv   •  / 

♦• — +("^)=-»(,+Vr> 

trig.  D.   ««=il- «•;    l«s=8^-«sy 


ao  =  l- —  aa-21"',w'a»n =-=-^ s«W 

Sua  Sua 


F 

lFlgD.   8a*  loads  «o  a*  «nx ? ,•       (eeet)-or     t(jB-i±\  = £•_  : 

,(^~)  V      wtV       aafclsst 

or  l^  =  (lxJ) i*- ;     or  *^=.6 **- ; 

«•  «*>x  safe  load  «*  SitvX  earn  lead 

or   isa«fx(j « ^ V 

\  S»ex  safe  load/ 
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Art.  15.  The  points  a  and  i,  Fig  25,  are  called  centers  of  prearare 
upon  the  base,  or  centers  of  resistance  of  the  base.  If  similar  points,  as 
d  and  s,  be  found  in  the  same  way  for  other  lines,  as  /A,  by  treating  a  part  (as 
rxhf)  of  the  wall  as  if  it  were  an  entire  wall;  a  slightly  curved  line  joining 
these  points  is  called  the  line  of  pressure.  Thus,  b a  is  the  line  of  pres- 
sure when  the  water  presses  against  zv.  Each  point,  as  d,  in  6  a,  shows  where 
any  joint,  as  fh,  drawn  through  that  point,  is  cut  by  the  resultant  of  all  the 
forces  aotiug  upon  said  joint,  bi  is  the  line  of  pres  when  the  water  presses 
against  ru.  These  lines  do  not  show  the  direction  of  the  resultants.  Thus,  at  a, 
the  latter  is  em,  not  ba.  The  angle  between  the  direction  of  the  resultant  and  a 
line  at  right  angles  to  the  bed  or  joint,  must  be  less  than  the  angle  of  friction 
(p855)  of  the  materials  forming  the  joint. 

If  from  the  end  to  or  y  of  the  resultant  of  the  pressures  upon  any  joint,  we 
4raw  to 2  or  yl  hor,  then  c2  or  ol  (as  the  case  may  be)  measures  the  entire  vert 
pres  on  that  joint:  and  ml  oryl  measures  the  hor  pres  against  the  back  of  the 
wall,  which  tends  to  cause  sliding  at  the  same  joint.  If  the  direction  of  the  re- 
sultant comes  within  the  limit  stated  in  the  preceding  paragraph,  m2  or  yl  will 
be  less  than  the  frictional  resistance  to  sliding,  which  last  is  =  c2  (or  •/)  X  the 
coeff  of  friction  for  the  surfaces  forming  the  joint.  Hence  sliding  cannot  take 
place.  Sliding  never  occurs  in  the  masonry  of  walls  of  ordinary  forms.  Good 
mortar,  well  set  aids  to  prevent  sliding,  but  it  is  better  not  to  rety  upon  it.  But 
entire  walls  have  glidden  on  slippery  foundations.    (Art.  9,  p.  692;  Bern.  2, 688.) 

Art.  16.  In  California  Is  this  dam  of  a  mining  reservoir,  built  of 
rough  stone  without  mortar,  founded  on  rock.  .Heigh  t,70  feet;  base,  50:  top,  6 ; 
water-slope,  80  feet;  outer-elope,  14.  To  prevent  leaking  the 
water-slope  is  only  covered  with  3-inch  plank  bolted  horizon- 
tally to  12  by  12  inch  strings,  buiit  into  the  stone-work.  Ail 
laid  with  some  care  by  hand,  except  a  core  of  about  one-fifth  of 
the  mass,  w'uieh  was  roughly  thrown  in.  Cost  about  $3  per  cubic 
yard.    It  has  been  in  use  since  1860. 

Rem.  If  a  dan  Is  compactly  hacked  with  eartla 
at  its  natural  slope,  and  in  sufficient  quantity  to  prevent  the 
water  fmm  reaching  the  dam,  the  pressure  against  the  daiu  will 
not  be  increased.  - 


Art.  17.    To  find  the  thickness  of  a  cylinder  to  resist  safely  the 
pressure  of  water,  steam,  Ac,  against  its  interior.    If  riveted,  see  next.  page. 

Where  the  thickness  Is  less  than  one-thirtieth  of  the 
ratlins,  as  it  is  in  most  cases,  tbe  usual  formula 

,«.  Thickness  pressure      w      ..     . 

(1)  ininche.     -  ,afe  .trengtl,   X  ""— 

is  employed.    It  regards  the  material  as  being  subjected  only  to  a  direct  tensile 
strain,  which  is  sufficiently  correct  in  such  thin  shells. 

For  somewhat  greater  pressures  and  thicknesses,  Professor 
F.  Beuleaux  (Der  Konstrukteur,  p  52)  gives 

Thickness  pressure      /  pressure 


(2) 


in  inches 


( 


1  + 


;) 


X  radius.* 


safe  strength  V"  '   2  X  safe  strengths 
For  very  great  pressures  and  thicknesses,  as  in  hydraulic 
presses,  cannons,  Ac,  Professor  Beuleaux  (Konstrukteur,  p  53)  gives  Laine*a 
formula : 

Thickness      /    /  safe  strength  +  pressure       A  w      ,.     ^ 
(8)  in  inches     -  l  A/  -«.-, -JIk  _IL-..-  —  *  I  X  radius .• 


\  \  safe  strength  —  pressure 

The  three  formula)  give  results  as  follows,  pressures  and  strengths  in  lbs  per 
square  iuch : 


Diameter. 

Radius. 

Pressure. 

Safe 

tensile 

strength. 

Thickness,  inches. 

Formula  (1). 

Formula  (2). 

Formula  (3). 

20  inches. 

M 
M 

10  inches. 
« 

u 

50 

500 

5000 

• 

10000 
« 

.05 

.50 
5.00 

.050125 
.0125 

6.25 

.05 
7.32 

The  thicknesses  given  by  the  formula  appropriate  to  tbe  several  pressures  are 
printed  in  heavy  type.  It  will  be  seen  that  in  these  cases  the  results  differ 
out  slightly,  except  for  very  great  pressures. 

*  In  all  three  formula)  take  the  radius  in  inches,  and  the  pressure  and  strength 
In  pounds  per  square  inch. 
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i.  a.  Want  of  uniform  itjr  in  the  cooling  of  think  castings  makes 

them  proportionally  weaker  thau  tuin  ones,  so  (hat  in  order  to  reduce  thickness  in  Important  ease* 
we  should  one  only  best  iron  reiuelted  3  or  4  times,  by  which  means  an  ult  cohesion  of  about  80000 

lbs  per  sq  inch  may  be  secured.  But  even  with  this  precaution  no  rule  will 
apply  safely  in  practice  to  cast  cylinders  whose  thickness  exceeds  either 

about  8  to  10  ins,  or  the  inner  rad  however  small. 

Under  a  pres  of  8000  lbs  per  sq  inch,  water  will  oose  tnrongrn  cast 
iron  8  or  lO  ins  thick ;  and  under  but  260  lbs  per  sq  inch,  through  .5  inch. 
Table  of  thicknesses  of  single-riveted  wrought  iron  pipes, 

tanks,  standpipes,  Ac,  by  the  above  rule,  to  bear  with  a  safety  of  6  a  quiet  pressure  of  1000  ft  head 
of  water,  or  434  lbs  j  e.-  sq  inch  ;  the  ult  con  of  fair  quality  plate  iron  being  tuken  at  480j0  lbs  per  sq 
inch,  or  at  8000  lbs  for  a  safety  of  6 ;  whioh  is  farther  reduced  to  8000  X  .56  =  4480  lbs,  to  allow  for 

weakening  by  rivet  holes;  for  single-riveted  cyls  have  but  about  .56  of  the 
strength  of  the  solid  sheet;  and  double- riveted  ones  about  .7.    With  the 

above  pres  and  othor  data,  the  rale  here  leads  to  thiokness  =  .1016  X  inner  rad  in  ins. 

For  a  similar  table  for  tanks,  see  p  803 ;  and  for  east  iron  and 

lead  pipes,  foot  of  this,  and  top  of  next  page.  (Original.) 


Di. 

Th*. 

Dt. 

The. 

Di. 

The. 

Di. 

r  Ths. 

Di. 

The. 

Di. 

Di. 

Ths. 

las. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 
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» less  .bead  or  pressure,  or  for  any  safety  less  than  6,  it  is  safe  and 

'  enough  in  practice,  to  reduce  the  thickness  of  wrought  iron  cyls  In  the  same  proportion  as  saM 
head,  pres,  or  safety  1»  I*m  than  the  tabular  one. 

Donble»riveted  cylinders.  Fair  bairn  says,  are  about  1.25  times  as  strong 
as  single-riveted.  Hence  they  may  be  one-fifth  part  thinner.  Lap-welded 
ones  are  nearly  1.8  times  as  strong  as  single-riveted ;  and  hence  may  be  only 
.66  as  thick. 

Many  continuous  miles  of  double* riveted  pipes  in  California  have 

been  In  use  for  years  with  safety*  of  but  2  to  2.6.    In  one  case  the  head  is  1720  ft,  with  a  pres  of  746  lbs 
per  sq  inch ;  diam  11.5  ins ;  thickness,  .34  inch  ;  safety,  2.6  by  rule  p  282  for  such  iron  as  in  our  table. 

Cast  iron  city  water  pipes  must  be  thicker  than  required  by  formula 
(1),  p  232,  in  order  to  endure  rough  handling  and  the  effects  of  "water-rain" 
(due  to  sudden  stoppage  of  flow,  see  second  Bern,  p  234),  aud  to  provide  agaiiist 
irregularity  of  castiug  and  the  air  bubbles  or  voids  to  which  all  castings  are 
more  or  less  liable.  In  the  following  table  the  ultimate  tensile  strength  of  cast 
iron  is  taken  at  18,000  lbs  per  square  inch.  Column  A  gives  thicknesses  by  Mr. 
J.  T.  Fann log's  formula  (Hydraulic  Engineering,  p  454). 

Thickness )  M  (pres,  lbs  per  sq  in  +  100)  X  bore,  ins  /        bore,  lns\ 

in  inches  / ""       .4  X  ultimate  tensile  strength       +  *        \  100     /' 

These  correspond  with  average  practice.  The  addition  of  100  Ids  to  the  pres  Is 
made  in  order  to  allow  for  water-ram.  Column  B  gives  thicknesses  by  formula 
(1),  p  282,  taking  coefficient  of  safety  =  8  (thus  making  safe  tensile  strain  =  2250 
ibs  per  square  inch)  and  adding  three-tenths  of  an  inch  to  each  thickness  given 
by  the  formula: 
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Table  of  tblekness  of  lead  pipe  to  bear  internal  pressures  with  a 

safety  of  6;  taking  the  ultimate  ooheston  of  lead  at  1400  B>s  per  sq  inota.    By  rale  on  p  StS. 

Bern.  Although  these  thicknesses  are  safe  againstquiet  pressures,they  might  not 
resist  shook*  caused  by  too  sadden  dosing  of  atop  -oooks  against  running  water.  See  Senrioe  pipea,  p ; 
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Rem.  The  valves  of  water-pipes  most  be  closed  slowly,  and 

the  necessity  for  this  precaution  increases  with  their  diams.  Otherwise  the  sad- 
den arresting  of  the  momentum  of  the  running  water  will  ereate  a  great  pressure  against  the  pipes 
in  all  directions,  and  throughout  their  entire  length  behind  the  gate*  even  if  It  be  many  miles ;  thus 
endangering  their  bursting  at  any  point.    Henoe  stop-gates  are  shut  by  sorewa,  which  pre- 

rent  any  very  sodden  oloaing;  but  in  large  diama  even  Che  sorewa  mast  be  worked  very  slowly  to 
avoid  bursting. 

Art.  IS.    Tbe  buoyancy  of  liquids.    When  a  body  is  placed  In  a 

liquid,  whether  it  float  or  siuk,  it  evidently  displaces  a  bulk  of  the  liquid  equal  to  tbe  bulk  of  the 
Immersed  portion  of  the  body ;  aud  the  body  in  both  oases,  and  at  any  depth,  and  la  any  pfHiwi 
whatever,  ia  buoyed  up  by  tbe  liquid  with  a  force  equal  to  the  wt  of 
the  liquid  ao  displaced.  Thus,  if  we  immerse  entirely  in  water  a  piece 
of  cork  a,  c,  Fig  '2$,  or  any  body  of  lees  sp  gr  than  water,  the  cork  will 
by  its  wt,  or  force  of  gravity,  tend  to  descend  still  deeper;  but  the 
upward  buoyant  force  of  tbe  water,  being  greater  than  the  downward 
force  of  gravity  of  the  cork,  will  compel  the  latter  to  rise  with  a 
force  equal  to  the  diff  between  tbe  two.  In  this  case,  the  eork  receives 
a  total  downward  pres  equal  to  the  wt  of  the  vert  column  of  water 
above  it.  shown  by  the  vert  lines  iu  vessel  1 ;  and  a  total  upward 
pres  equal  to  the  wt  of  the  column  shown  in  vessel  2.  The  diff  be- 
tween these  two  columns  is  evidently  (from  the  figs)  equal  to  the 
bulk  or  the  oork  itself;  therefore  the  diff  between  their  wts  or 
pressures,  (or,  in  other  words,  the  buoyancy  of  the  water,)  ia  equal 
to  the  wt  or  pres  of  the  water  which  would  have  occupied  the  plaos 
of  the  oork ;  or,  in  other  words,  of  the  water  which  ia  displaced  by 
the  eork.    Thia  diff,  or  buoyanoy,  will  plainly  be  the  aame  at  any 

depth  whatever  of  tntir*  immersion.  Now  the  cork,  ir  left  to  itself,  will  continue  to  rise  until  a  , __ 
tion  of  it  reaches  above  the  surf,  as  in  vessel  3 ;  so  that  the  downward  pressing  oolumn  ceases  to 
exist;  and  the  cork  ia  then  pressed  downward  only  by  its  own  wt.  Bat  as  it  now  remains  station- 
ary, we  know  (from  the  fact  that  when  two  opposite  forces  keep  a  body  at  rest,  they  must  be  equal  to 
one  another)  that  the  upward  pres  of  the  water  must  be  equal  to  tbe  wt  of  the  oork.  But  the  upward. 
pres  of  the  water  arises  only  from  the  shaded  column  shown  In  Teasel  3 ;  and  this  oolumn  la  (as  in 
the  oase  of  total  immersion)  equal  to  the  bulk  of  water  displaoed.  Therefore,  in  all  esses,  the  buoy- 
anoy Is  equal  to  the  wt  of  water  displaoed ;  and  when  tbe  body  float*  on  the  surf,  the  buoyancy,  or 
tbe  wt  of  water  displaoed,  is  also  equal  to  tbe  wt  of  the  body  itself. 

If  the  Immersed  body  <%  <%  be  of  Iron,  or  any  other  snbstanoe  spe- 
cifically heavier  than  water,  tbe  diff  between  the  upward  and  downward  pres  will  of  course  remain 
Jhe  same ;  or  equal  to  the  wt  of  water  displaoed.  But  the  wt  of  the  body  Is  now  greater  than  that 
of  the  water  which  it  displaces ;  or,  in  other  words,  the  downward  foroe  of  gravity  of  tbe  body  ia 
"greater  than  the  upward  buovant  force  of  tne  displaoed  water;  and  therefore  tbe  body  descends,  or 
sinks,  with  a  foroe  equal  to  the  diff  between  the  two.  Thus,  ft*  tbe  body  be  a  eub  ft  of  east  iron, 
weighing  450  lbs.  while  a  cub  ft  of  fresh  water  weighs  82K  lbs,  the  iron  will  descend  with  an  eSMttro 
force  of  only  450  —  82}<  =  387.5  lbs. 

ir  tbe  Immersed  body  has  the  same  sp  gr  as  the  fluid,  it  will 

neither  rise  nor  sink ;  but  will  remain  wherever  it  is  placed ;  because  then  the  wt  of  the  body,  and 
the  buoyancy  of  the  water,  are  equal. 

The  air  also  bnoys  bodies  upward  to  an  extent  equal  to  the 
wt  of  air  displaced  ;  therefore,  although  a  pound  of  iron,  and  a  pound  of 

feathers,  weighed  In  tne  air,  will  balance  each  other,  yet  in  the  exhausted  bell-glass  of  an  air-pump 
the  feathers  will  outweigh  the  iron,  by  as  muoh  as  the  bulk  of  air  whioh  they  displaced  outweighs 
the  bulk  of  air  displaoed  by  tbe  iron. 

A  balloon  rises  in  the  air  on  the  same  principle  that  cork 
rises  in  water.  Its  ascending  force  is  equal  to  the  diff  between  its  wt  when 
full  of  gas,  and  the  wt  of  the  bulk  of  air  whioh  it  displaces.  Tbe  balloon  does  not  actually  tend  to 
rise,  but  to  desoend  J  but  tbe  air  being,  bulk  for  bulk,  heavier  than  the  balloon,  pushes  the  latter 
upward  with  more  foroe  than  tbe  gravity,  or  the  wt  of  the  balloon,  exerts  to  bring  It  down.  So  also 
warm  smoke  has  no  tendency  in  itself  to  rise.  It  is  jmassd  up  by  tbe  heavier  cold  air.  No  substance 
tends  to  rise ;  but  all  tend  downward  toward  the  oenter  of  the  earth. 


BUOYANCY,   FLOTATION,  METACENTER,   ETC-  235 


The  downwd  force  of  grav  may  be  regarded  (p  348)  as  concentrated  at  the  cen  of 
gray  O  of  a  floating  body.  The  upwd  pros,  or  buoyancy  ,f  of  the  water  may  similarly 
be  regarded  as  acting  at  the  cen  of  gr  W  of  the  displuced  water.*  W  is  also  called 
the  center  of  pressure,  or  of  buoyaney,  of  the  water;  and  a  vert  line 
drawn  through  it  is  called  the  axis,  or  vertical,  of  buoyancy,  or  of  flo- 
tation. Ordinarily^  W  shifts  its  position  with  every  change  in  that  of  the  body. 
Thus  in  L  it  is  at  the  cen  of  gr  of  the  rectangle  oobb;  and  in  N  at  that  of  the  tri- 
angle a  a  v. 

When    a    floating  t, 

body,  L,  P  or  E,  is  at 
Test,  and  undisturbed 
by  any  third  force, 
as  F,  it  is  said  to  be 
in  equilibrium, 
and  (i  and  W  are  then 
In  the  same  vert  line  *7 
1 1  Figs  L  and  R,  or 
««FigP;  which  line 
is  called  the  axis, 
or  vertical,  of 
equilibrium.? 

When  a  third  force,  as  F,  causes  the  axis  of  equilib  to  lean,  as  In  Figs  N,  0  and  8, 
then  if  a  vert  line  be  drawn  upwd  from  the  cen  w  of  buoy,  the  point  M  where  said 
line  cuts  said  axis,  is  called  the  metaeenter  of  the  body.  |  G  and  W  are  then  no 
longer  in  the  same  vert  line  ;£  and  the  two  opp  and  vert  forces,  grav  and  buoy,  act- 
ing npon  those  points  respectively,  form  a  "couple  M  (page  347  d) ;  and,  when  the 
third  force  F  is  removed,  they  no  longer  hold  the  body  in  equilib,  bat  cause  it  to 
rotate.  If  (as  in  Figs  0  and  8)  the  positions  of  Cr  and  W  are  then  such  that  tlie 
metaeenter  M  is  above  the  cen  of  gr  0,  this  rotation  will  tend  to  restore  the  body  to 
its  former  position,  and  the  body  is  said  to  have  been  (before  the  application  of  the 
third  force  F)  in  Stable  equilibrlum.f  But  if  (as  in  N)  M  is  below  6  the  direc- 
tion of  rotation  is  such  as  to  upset  the  body,  by  causing  it  to  depart  further  from  its 
former  position,  and  the  body  is  said  to  have  been  in  unstable  equilibrium^ 


The  tendency  or  moment  la  ft-lbs  of  a  floating  body  either  to  upset  or  to  right  itself,  Is, 

__  the  wtof  the  body  (or  the  equal  v  the  hor  dirt  between  W  If  and  G  H. 
~   upwd  pre*  of  the  water)  la  lbs   *  Figs  N,  0  and  S,  in  ft, 

The  third  fore*  F  may  of  eoorae  be  so  great  a*  to  overpower  the  tendeney  of  the  body  to  right  It* 
self.  Thna,  a  ship  may  upset  in  a  hurricane,  although  Judiciously  loaded  and  ballasted  toe  ordinary 
wtada.    A  hor  session  of  a  body  at  water-line  is  called  its  nlaae  of  fletattea. 

*  The  body  Is  in  faet  acted  upon  by  other  forces,  such  as  the  hor 

pre— res  of  the  water  against  its  immersed  portions ;  bat  as  all  of  these  in  any  one  given  direction 
are  balanocd  by  equal  ones  in  the  opposite  direction,  they  have  no  effect  upon  the  forces  G  and  U7. 
It  is  alee  anted  upon  by  the  air,  whioh  presses  It  downwards  with  a  force  of  14.75  lbs  per  sq  inch :  but 
this  Is  balanced  by  an  equal  pros  of  the  sorroaadteg  air  upon  the  surface  of  the  water,  and  which  is 
"  fart  T,  vert  upwards  against  the  Immersed  bottom  of  the  floating  body. 


f  Tills  buoyancy  is  made  tip  of  the  parallel  upward  pressures  of  the 
innumerable  vert  filaments  of  the  displaced  water  as  shown  by  Fig  26,  and 

the  sufJa  e>f  Sotetlem  Is  their  resultant,  as  In  the  ease  of  parallel  fbrees. 

t  The  shape  of  a  body  (as  that  of  a  sphere  or  cylinder  TJ)  may  be  each  that  the  position  of  its  cen  af 
haoy  W,  relatively  to  that  of  Its  eea  of  gr  O,  is  not  changed  by  the  rotation  of  the  body  about  a  given 
mxi»  (as  any  axis  of  the  sphere  or  the  lOMoiPJKffnai  axis  of  the  eyt),  but  remains  constantly  In  the 
same  vert  line  with  O,  so  chat  the  body.  In  rotating,  remains  ia  equilib.  Such  a  body  is  said  to  be 
in  indifferent  equilibrium  about  said  axis.    But  if  a  cyl  U  be  marie  to 

rotate  about  Its  ftmsnusrse  axis  s  x.  It  plainly  comes  under  the  remarks  on  Tigs  R  and  8,  and  may 
(before  rotating)  be  la  either  stable  or  unstable  equilib  about  that  axis  ooaording  to  the  way  ha  whioh 
Its  wt  Is  distributed. 

I  This  metaoenter  shifts  Its  position  on  the  line  1 1  according  to  the  inclination  of  the  latter. 

I  fJneTen  loading  instead  of  a  third  force,  may  cause  a  vessel  at  rest  to 
lean  as  at  P ;  and  yet  the  vessel  so  leaning  may  be  in  equilib ;  for  Its  axis  «  s  of  equilib  may  be  vert, 
although  not  coinciding  with  the  axis  of  symmetry  of  the  vessel,  as  it  does  at 

s  t  In  L. 

f  In/eotf**  bodies,  this  may  sometimes  (as  la  Figs  B  and  S)  be  the  ease  even  when  the  esn  of 
mm*  Wlnot  the  mefacsmsr)  Is  oeleev  the  een  of  gr  O;  because,  when  the  body  is  forced  to  lean,  w 
moves  to  another  point  la  H.  and  this  point  may  be  such  as  to  bring  M  above  Q.  W  is  always  below 
O  la  bodies  of  nnlfbrm  dsntity,  float  inn  at  rtwt,  If  any  part  of  the  body  is  above  water.  When 
bodies  are  entirely  subsW-ged,  W  and  O  coincide. 

16 
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Art.  19.  A  body  litrbter  tban  water,  if  placed 
the  bottom  of  a  vessel  containing  water,  will 
rise  antes*  the  water  ean  get  under  it,  to  buoy  it, 
or  press  it  npward.  as  the  air  presses  a  balloon  or 
smoke  upward.  Thus,  if  one  side  of  a  block  of  light  wood. 
perfectly  fiat  and  smooth,  be  placed  upon  the  similarly  flat  and  smooth  bottom  of  a 
vessel,  and  held  there  uotil  the  vessel  is  filled  with  water,  the  downward  pre*  wife 
keep  It  In  its  place,  until  water  insinuates  Itself  beneath  through  the  pores  or  the 
wood.  But  if  the  wood  be  smoothly  Tarnished,  to  exclude  water  from  Ita  pores,  tt 
will  remain  at  the  bottom. 

On  tbe  other  hand,  a  pleee  of  metal  may  be  pre* 
vented  from  sinking?  in  water,  by  ftnbjecting  it  to  a  suffi- 
cient upward  pre*  only,  while  the  downward  pres  is  excluded.  Thus,  If  the  bottom 
of  an  open  glass  tube,  I,  Fig  27.  and  a  plate  of  iron  m,  be  made  smooth  enough  to  be 
watertight  when  placed  as  in  tbe  fig;  and  If  in  this  position  they  be  plaeed  in  a 
vessel  of  water  to  a  depth  greater  than  about  8  times  tbe  thickness  of  tbe  iron,  tat 
upward  pros  of  the  water  will  hold  tbe  iron  iu  its  piece,  and  prevent  its  sin  king - 

because  it  is  pressed  upward  by  a  oolumn  of  water  heavier  than  Doth  the  eehunn  of  sir,  and  its  ova 

weight,  which  press  it  downward.    On  this  principle  iron  ships  float, 

Rxm.  1.  A  retainlnfx-wall,  as  in  Flay  S8, 
fbnnded  on  piles,  may  be  strong  enough  to  re- 
sist the  pres  or  the  earth  s  behind  it,  ia  oase  water  docs  sot  lad 
Its  way  uu'derueath ;  and  yet  may  be  overthrown  if  it  does;  er 
even  if  the  earth  **  around  the  heads  of  the  piles  beoomes  gate- 
rated  with  water  so  as  to  form  a  fluid  mud.  In  either  ease,  tee 
upward  pres  or  the  water  against  the  bottom  of  tbe  wall  will  vir- 
tually reduce  the  wt  of  all  such  parts  as  are  below  the  water  serf, 
to  tbe  extent  or  G&H  f>s  per  cub  ft;  er  nearly  eae  half  of  tbe  or- 
dinary wt  of  rubble  masonry  In  mortar. 

Bum.  3.    Although  the  piles  under  a  wall,  as  in  Fig  SB,  may  be 

abundantly  sufficient  to  sustain  the  wt  of  the  wall ;  and  the  wall 
equally  strong  in  iuetf  to  resist  the  pres  of  the  backing  e;  yet  If 
the  soil  ee  around  the  piles  be  soft,  both  they  and  the  wall  may  be  pushed  outward,  and  the  latter 
overthrown  by  the  pres  of  the  backlog  *.  Prom  this  cause  tbe  wing- walls  of  bridges,  when  built 
on  piles  in  very  soft  soil,  are  frequently  bulged  outward  and  disfigured.  In  such  eases,  the  ailing, 
ana  the  wooden  platform  on  top  of  it,  should  extend  over  the  whole  spaee  between  the  walls ^  or  else 
some  other  remedy  be  applied. 

Art.  20.  Draught  off  vessels.  Sin<»a./foatfn<7  body  displaces  a  wt  of  liquid 
equal  to  the  wt  of  the  body,  we  may  determine  the  wt  of  a  vessel  and  its  cargo,  by  ascertaining  how 
many  cub  ft  of  water  they  displace.  Tbe  cub  ft,  mult  by  62H>  »iH  fire  the  read  wt  in  lbs.  Suppose, 
for  instance,  a  flat-boat,  with  vert  sides,  60  ft  long.  15  ft  wide,  and  drawing  unloaded  6  Ins,  er  .6  of 
a  ft.  In  this  oase  It  displaces  00  X  15  X  .5  =  460  cub  ft  of  water;  which  weighs  450  X  era  =  S8IB 
Be ;  which  consequently  is  the  wt  of  the  boat  also.  If  the  cargo  then  be  pat  in,  aud  found  us  dak 
the  boat  2  ft  more,  we  have  for  the  wt  of  water  displaced  by  the  cargo  alone.  §0  X  15  X  *  X  S1H  = 
112500  ft>* ;  whioh  is  also  the  wt  of  the  cargo.  So  al*o,  knowing  beforehand  the  wt  of  tbe  boat  and 
sargo,andtu«diniensioeisof  Ute  boat,  we  canned  wbAttte  draught  will  be.  Thus,  if  the  wt  as  before 


be  140875  *«,  and  the  boat  CO  X  IS.  we  have  CO  X  15  X  «>,  -  5*280;  end 


140825 


=  SSft  there**!  red 
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draught.    Id  vessels  of  more  complex  shapes,  as  la  ordinary  salting  vessels, 
amount  or  displacement  beoomes  more  tedious ;  but  the  principle  remains  the  i 

Art.  31.  Compressibility  of  liquids*  Liquids  are  not  entirely  in- 
compressible ;  but  fhr  most  engineering  purposes  they  may  be  so  considered.  Tbe  balk  or  water  Is 
diminished  but  »tv>at  one-thouw»ndt.h  part  by  a  pres  of  S24  Be  per  sq  Inch,  or  S3  atmospheres ;  vary* 
>  g  very  slightly  with  iu  temperature.    It  is  perfectly  elastic;  regaining  ia  original  balk  when  the 

pres  is  removed. 

■^  —   ■   a*  ...  -  . 
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Art.  1.  Hydranllcs  treats  of  tbe  flow  or  motion  of  water  through 

pipes,  aqueduct*,  rivers,  an  1  other  channels;  also  through  orifices  or  openings  of  various  klnd«;  of 
machinery  for  raising  water ;  as  well  as  that  in  which  water  furnishes  the  moving  power.  The  science 
of  hydraulfot,  in  many  of  it*  departments,  is  but  imperfectly  understood;  therefore,  souse  of  the  raise 
given  on  the  subject  are  to  be  regarded -merely  as  furnishing  close  approximation*  to  the  \ 


On  tbe  How  of  water  throngta  pipes. 

Inasmuch  as  tbe  experiments  ea  which  the  following  rules  are  based,  were  made  with  pipes  < 
fully  laid  in  straight  lines;  and  perfectly  free  from  all  obstructions  to  the  flow  of  the  water, 
a'lowanee  must  la  practice  be  made  tor  this  circumstance-    Workmen  do  net  lay  long  Hues  of 

la  perfectly  straight  lines;  it  is  almost  impossible  to  avoid  very  numerous,  although  slight 

tioiis,  both  vert  and  hor ;  the  soil  Itself,  in  which  the  pipes  are  imbedded,  especially  when  in  embkt, 
will  settle  unequally ;  especially  in  streets  liable  to  heavy  traffic  which  not  only  frequently  d 
but  occasionally  breaks  water  pipes  whose  tops  are  SI  or  4  ft  below  tbe  surf.  Tne  material 
calking  the  joints,  ma?  be  carelessly  left  projecting  Into  the  Interior,  and  thus  oause  sfmtrnorroas }  the 
water  H  frequently  raoddy.  or  is  impregnated  with  certain  salts,  or  gases,  wbtoh  ~ 
Incrustations,  whioh  materially  Impede  the  flow.  Moreover,  the  pines  || 

oast  perfectly  straight,  er  smooth,  or  of  uniform  diem;  and  iirrgelar  inelHaas,  by  | 
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IMT*ib.     AndHcdittbbff-ferwalcTp'au,  *r /o.  in  tho  bald  for  ollber  tbeplp?y  or  IheGpeoIni  n; 
■Ith-Ht  My  M<ajn  -LuK-vTr  to  Ibvir  law  below  LLC  iDrf  sf  t*fl  lomr  iDr;  wtilafa,  nooordlnf  10 

Both  In  (hrarr  nnil  In  pnwtlM  It  !■  Iminnlrr! hI  a*  regnrdN 
the  »el,  and  the  quantity  of  water  discharge!!,  whether  lh« 
pipe  1»  Inclined  dowuwRrd,  urn,  Fla  It  or  bar,  utn;  orlu- 
ell  nod  upward,  iu  Is;  provided  tin-  Ijtlnl  bead  po,  and  Mian 
the  lenffih  of  the  pipe,  remain  nnchnnted,    If  oh  pipe  j»  lowar 


ArUl'&l    The  velluelty  head  i-vths  height  through  which  a"bod/m™Ht 

Art.  1  e.    Kxpariroent  jhowt  tut,  Willi  the  until  •harp-mlKed  entrj,  the  en- 
try bead  i>,iiew  enough  lor  practice,  =  half  the  vel  bod.  Ift)ie*Dtry  IsahapeJ 

l\nm*t*r*'  iba  Mlrj  hu4  btari  *J  illf  ht  ■  proportion  lotbn  toLftl  DHd,  ibaL  tbli  idrmuie  li  or  bul- 
imia iDupenaaOB.     II  bMonkMHTBiBparut  In  ■bwlar  plpai. 
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the  pipe  as  rapidly  u  It  flows  through  it,  and  thus  keeping  the  pipe  supplied.  If,  by  shortening  the 
pipe,  or  by  smoothing  lU  inner  surf,  we  diminish  the  total  Motion,  then  a  less  Motion  head  will  be 
required ;  but  the  vel  will,  at  the  tame  time,  be  increased,  and  this  will  require  a  greater  vel  head, 
and  entry  head,  so  that  the  three  together  make  up  the  total  bead,  as  before.  Since  the  friction  is 
equal  to  the  force  or  head  reqd  to  overcome  it,  it  also  is  represented  by  we. 

Art.  1  e.  The  friction  head  may  as  in  »o,  so, and  lo,  Fig  1,  be  all  above  the  entrance 
to  the  pipe,  and  therefore  outside  or  the  pipe ;  or,  as  in  a  pipe  laid  from  s  to  o,  It  may  be  all  below 
the  entrance,  and  within  the  pipe;  or.  as  in  ro  and  to.it  may  be  partly  above, and  partly  below,  the 
entrance ;  and  therefore  partly  within,  and  partly  without,  the  pipe.  The  vel  and  diseh,  after  the 
pipe  it  filled,  are  not  affected  by  this  difference  in  position  of  the  entry  end  ;  but  the  pressures  in  the 
pipe,  and  the  vels  white  the  water  isJUling  an  empty  pipe,  are  affected  by  it,  as  explained  in  Arts  II 
and  1  o. 

Art.  1/*.  Bnt  It  Is  necessary  that  the  entry  end  of  tbe  pipe 
should  oe  placed  so  far  below  the  snrf  m  i,  that  the™  shall  be  left, 

above  the  cen  of  grav  of  the  entry  end,  at  least  a  bead,  i  s,  sufficient  to  perform  tbe  duties  of  the  entry 
and  vel  heads.  If  the  entry  end  of  any  of  the  pipes  be  raised  above  s.  a  portion  of  tbe  vel  head  will 
befnthe  pipe.  In  other  words,  the  head  m  the  pipe  will  be  more  than  sufficient  to  overcome  the 
resistances  in  the  pipe;  and  the  surplus  will  aet  as  vel  head,  end  will  give  greater  vel  to  the  water 
in  the  pipe.  The  reduced  head  thus  left  above  tbe  entry  end  will  plainly  be  insufficient  to  maintain 
the  supply  for  the  greater  vel,  and  the  pipe  will  run  only  partly  full. 

In  ordinary  eases  of  pipes  of  considerable  length,  the  sum  of  the  entry  and  vel  heads  theoretically 
required,  is  'but  a  small  portion  of  tbe  total  head,  and  tarely  exceeds  a  foot.  Indeed,  In  a  pipe  of 
considerable  diameter,  the  upper  half  of  its  cross  section  at  tbe  entry  end  may  often  be  more  than 
enough  to  provide  sufficient  entry  and  vel  heads  above  the  cen  of  grav  of  said  cross  section :  so  tint 
the  top  of  the  entry  end  might,  so  far  as  these  consideration*  alone  are  concerned,  project  above  the 
surf  of  the  water  in  the  reservoir.  But  the  end  of  tbe  pipe  should  in  practice  always  be  entirety  be* 
low  the  surf;  otherwise  air  and  floating  Impurities  will  be  drawn  into  it,  and  cause  obstructions. 
Moreover,  tbe  water  surf  of  reservoirs  is  always  liable  to  considerable  ehanges  of  height ;  and  the 
entry  end  of  the  pipe  must  be  placed  at  such  a  depth  that  the  water  ean  flow  Into  it  with  sufficient 
vel  when  aft  its  lowest  stages.    As  before  stated,  this  will  cause  qo  diminution  or  increase  of  diseh. 

Art.  1  jr.  To  find  the  friction  head  reqd  for  any  part  of 
a  pipe;  knowing  the  fric  head  reqd  for  the  whole  pipe.  Since  the  friction,  in  a 
pipe  of  uniform  dlam,  Is  (other  things  being  equal)  in  proportion  to  its  length ;  and  since  w  o.  Fig  1, 
represents  the  total  friction,  or  reqd  friction  head,  we  have 

Total  length  ,  Length  of  the  .  .      a  .  The  friction  head  reqd 
of  the  pipe    •    given  portion  •  •  •        for  that  portion. 

Dr,  having  drawn  w  o  by  scale,  s  w  hor,  and  s  o; 

Total  length  .  Length  of  tbe 
of  the  pipe    •    given  portion 

gw>  •••«••  A  diet,  as  «  6,  to  be  laid  off 


eo 


A  diet,  as  s  c,  to  be  laid 
off  from iodio.   • 


aw 


from  «  on  t  w. 


fefck 


Then  a  vert  line,  as  ft  e,  drawn  from  ©  or  c,  and  Joining  t  w  and  s  o,  gives  by  scale  the  friction  head 
reqd. 

Art.  1  lu    If  the  pipe  is  ntraight,  aaro,vo,lo,  the  friction  in  any  part  bey*** 
ning  at  the  reservoir,  as  1 6  in  the  pipe  I  o,  may  be  found  at  onoe  by  drawing  a  line  •    1  vert  upward 

from  the  axis  of  the  pipe  at  6.  The  line  2  3  will  then  give  the  friction  in  I C  It  also  gives  the  Mo- 
tion in  r  4,  or  in  that  part  of  e  o  which  lies  between  v  and  the  dotted  line  1  ft.  It  must  be  remem- 
bered that  all  the  pipes  in  Fig  1  are  supposed  to  be  of  the 
tame  actual  length.  They  would  thus  end  at  different  points 
o,  and  strictly,  a  separate  diagram  must  be  drawn  for  each 
pipe.  In  a  part  of  tbe  pipe  not  beginning  at  tbe  reservoir, 
as  in  r  e,  v  o.  or  I  e,  between  palate  vertically  under  c  aad 
x,  the  amount  of  Motion  is  given  by  the  line  d  s,  for  it  in 
plainly  rys-ie. 

Art.  1  J.    If  the  pipe  Is  vert,  as  v  «, 

Fig  1  A;  let  is  (on  its  axis  so)  represent,  as  before,  the  sum 
of  the  vel  aad  entry  beads.  From  s,  e,  and  o,  respectively, 
draw  hor  lines  s  w,  v  k,  and  o  y,  making  e jr  ^  »  o.  Draw 
the  oblique  line  s  y.  Then,  to  find  the  friction  In  any  part, 
as  •  a,  beginning  at  tbe  reservoir ;  from  ©  lay  off  ©  d  hor,  and 
equal  to  v  a.  and  draw  the  vert  line  a  a,  crossing  *  »  at  g . 
Then  b  g  will  give  tbe  Motion  In  v  q. 

Art.  1  k*    If  the  pipe  is  curved,  and 

tf  the  curvature  Is  uniformly  distributed  along  its  length,  or 
so  slight  that  It  may  be  neglected ;  the  Motion  heads  reqd 
for  the  several  portions  of  the  pipe,  may  be  found  in  the 
same  way  as  for  straight  pipes,  as  in  Art  1 H.  Otherwise 
thev  must  be  found  by  proportion,  as  in  Art  1  O. 

Art.  1  i.  While  water  is  filling; 
an  empty  pipe,  the  excess  of  the  total  head 
above  tbe  requirements  of  Motion,  to,  gives  to  the  water  a 

{rreater  vel  than  it  has  after  the  pipe  is  filled; 
nt  this  gradually  decreases  as  the  advancing  water  eneoun* 
ters  the  Motion  along  the  Increased  lengths  of  pipe  filled ;  and  finally  beeomes  least  when  the  water 
Alls  the  whole  length,  and  begins  to  flow  from  the  diseh  end,  o.  But  If  only  the  vel  and  entry 
heads  are  left  above  the  entry  end,  as  in  a  pipe  laid  from  s  to  o,  there  will  plainly  be  no  snob  exeasa 
of  total  head,  and,  consequently,  no  eneh  change  of  vel  during  tbe  filling  of  the  Dipt. 
When  a  pipe  of  uniform  diameter  is   flowing  full,  and  is  entirely  open  at  Its  discharge  end, 

the  vel  throiiirhout  the  pipe  is  equal  to  that  at  the  outflow* 
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Art.  lm.   Of  the  ooManl,  or  BtinttlH^.  prriante  ot  water 

i    1 ;  mt  the  point »,  Id  uj  of  the  plpto,  ItiilHItgp.   Tbenpfeie  In  ojdippidi  in  It.  pep  .,  lnoMa 

Art.  1  n.  The  foregoing  la  true  of  all  other  vcusols,  un- 
well ■■  of  pipe*.  Thus,  if  «n  opening  o  bo  mnde  any  where  Id 
i  Tenet  V,  irig  1  B,  the  pres  throughout  will  be  reduced,  una. 

■TuU;  butwill  fall  to  some  lower  one,  /,  which  will  depend  for 
Its  heigh t  upon  the  relative  areas  of  cross  Motion  of  the  oriflce 

Art.  1  o.  ThepreHnre  hew)  of  running  waterupon 
■it  point  in  it  pipe  between  the  orifice  and  the  reservoir,  is 

T>«i.MMHii»iiiiHuiiiMi»iD«i»Fiii.uMprnt»»di< ji  i=i  ijim.it  1+1  iiil   ihsfg 
menu  (1  a  +  2  8.)  In  atttrnlffht  Inclined  arbor  pine,  the  pmi  beadsi 

Art.  1  it.  If  the  pipe  houfrentle  curves,  or  if  the  enr- 

.iitpT  i.  unlraral;  dletrttmrf  alone,  the  lenitB  of  the  pi™,  .be  pree  head  atir  be 
[oiled  Id  We  eaope  -..  a.  for  a  eltellhl  pip.  4n  art  I  o.  Do.  If  Uie  OUKM  ari  of 
rauiier-ole  eitent.  ens  minDlf  duirltoHl  aloof  Uwplpe,  lm  flu  bo  !nl  a. 
toe  rrleeloft  eaaJnojd  for  Ueet  inn  of  1M  pipe  Hl»n  uu  rteonolr  and  UU  point  la 

*  Art!  1  or.  Far  m  vert  pipe  »  o  PJ<  1  A.  drew  the  dlunm  u 

Uprated  n>  An  I  J.    Torn  •  t  (=  <  |  or  a  ■  —  (a  1  +  h  j) )  (i.ei  lie  pree  heed  at  j. 

At  trie  point o  In  air  of  lira  rlpei,  I'll  I  orrii  1  A.  loo  pre,  hood  le  aero,  oap- 
In*  pipe  leld  alone;  tnt  llnei  0,  Fl(  I,  the  p>™  bead  »lllbo  eero  at  all  pp.hu..  Flo1  1    ft 

Arl.ll-.     Illl.plpe'»orrn.-.PigIDcl0«dstib,eBd,»or      *,«-*lj 

■a',  but  having  «»  or  Wee  ••  between  It*  end  and  the  reservoir, 

UK  prea  al  aef  ptjnl,  jp,  tntoeen  the  orlooe    and  too  oloeed  end.  la  eqaoj  to  Lha  Jpiea  In  late  tube 
beroeen  fcpie  or-IOoe'end  Ihr.  point.     [T  too  polos,  el  or.  la 

eel  ebotmoUoep,  Ibe  praa  oppoalle  o  la  aero.     Otberwlea 

Art.  la.     «»««  ih- ofateo.  ptpr  L- '-  1 

plenotHeterm.  or  treminHneuiinn.  in  order  that  So  I 

S.ai  be  ln..O,  IfcoTBreaeedner  ileal,  el  leeet  Id  thai  pert  of  their  leni_  .._ 

eel  .ran  la  Ulal;  le  be.  or  elaa  the)  era  pmided  irilb  a  Doeling  ledel. 

TIM    plOHWUetlir  !■    all"-*!    for  dOtt!CLInK  ttl«    positions  of  OO. 

■it  ructions  Ink  line  ofpipea.    If  t)ie  wsterin  the  pieaoinnUr  la  found  Many  time 
itwmd  the  pleaouioter.    It  havlntr  several  plenometerm.  the  point 

■  baae  an  obolioolliiii  hee  Ulan  /ami  oar  •"  -£-—-*—-."-  .-— ->-i«a    ..a  pk.h-kdpp.1. 
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Art.  1  t>. 


Art.  1  f.    If  *r0  Imagine  any  pipe,  full  of  water,  to  be  supplied  with  a  number 

of  piezometers,  then  a  line,  joining  the  tops  of  the  columns  of  water  in  the  several 
piezometer**,  is  called  the  hydraulic  ffriMle  line. 

Art.  I  tc  In  a  straight  tube  of  uniform  diam  throughout,  as  r  o,  v  ©,  or  I  o,  Fig 
1,  runuiug  roll  and  discharging  freely  imto  Um  air,  (be  hyd  grade  line  it  a  straight  line  drawn 

from  Its  disoh  end  o  to  a  point  •  immediately  over  the  entry  end  of  the  pipe,  and  at  a  depth  below 
the  surf  equal  to  the  sum  of  ibe  vel  and  outry  heads. 

If  the  orifice  at  o  be  contracted,  the  hyd  grade  line  must  be  drawn 

from  a  to  some  point,  as  a,  immediately  over  o,  and  dependiug,  for  its  height,  upon  the  amount  of 

con  true  ti  on  ato.  But  in  this  case 
the  point  a  will  also  be  higher  than 
before,  because  the  vel  in  the  pipe  is 
reduced  by  the  contraction  ;  and  the 
sum  i  a  of  the  vel  and  entry  heads 
will  be  lew. 

If  the  Hlseh  at  o  is 
nnder  water,  the  effect 

upon  the  position  of  the  grade  line 
will  be  the  same  as  that  of  a  con- 
traction of  the  orifice  at  o.  The 
point  4  will  be  on  the  surf  of  the 
lower  water,  aud  immediately  orer.o. 

If  the  pipe,  of  uniform 
(whether  discharging  freely  or  through  a  con- 
tracted opeuing  ato,  whether  into  the  air  or  under 

water),  Is  bent  or  curved,  the  hyd  grade 
Hue  will  still  be  straight,  provided  the 

resistances  are  equal  in  each  equal  division  of  the  kor 
length  of  the  pipe,  as  iu  Pig  I  K,  where  equal  divisions 
v  «p,  w  x,  Ac,  of  the  total  length,  correspond  with,  equal 
divisions  vo,ab,  4e,  of  the  hor  length. 

Rut  in  Pig  1  F,  the  hyd  grade  line  will  take  the 
shape  a  ao.  For  if.  in  accordance  with  Art.  1  G,  we 
divide  a  o  into  two  equal  parts,  am,me>.  correspond- 
ing with  the  two  equal  parts  v r,  r  o.  of  the  length  of  the 
pipe,  we  obtain  m  e  —  o  a  for  the  bead  oonsusaed  in  the 
resistances  in  v  r,  leaving  only  r  a  for  the  pres  head  at  r. 

Art  \w.    In  a  very  large  vessel,  the  total  head  upon  any  point  at  the  level 

of  the  entrance  /  to  a  pipe  loo*  Fig  1  G,  is  represented  by  il,  as  already  ex- 
plained (p  237);  but  of  this  total  head  a  portion,  as  it,  ia  required  to  act  as 
velocity  head  and  entry  head  for  the  entrance  at  /,  leaving  only  *  /  as  the  pres- 
sure head  upon  a  point  in  the  pipe,  immediately  to 
tb,e  right  of  /.  Thus  while  the  pressure,  in  pounds 
per  square  inch,  in  the  vessel  at  lt  is 

4VA1      ,_  p  =  **X0.434    .  (seep224) 

that  in  the /ripe  aU  is 

P  =  */X0.4S4. 


mg.i  p 


=£ 


hr        \nn 


«j  __JL_J4£--r--iP  ,  B,ut  ?ow  aportfoni  as  sv,  of  */,  is  expended  in 

W*     >   J    if,./  it  in  SalaAcin?  or  .overcoming"  the  resistances 

I      -VJU..J10  throughout  that  portion  of  the  pipe;  and,  in  doing 

\  this  work,  it  gradually  diminishes  from  *  v  (at  /)  to 

\  22thin*  *at  °)  M  indicated  by  the  dotted  line  se. 


6 


\l 


o 

ttig.l  Cr 


Thus,  at.  the  point  6,  a  portion  =  ft  c  has  already  been 
expended  in  overcoming  the  resistances  in  the  pipe 
between  I  and  6,  leaving  c  6  as  the  pressure  head  at 
6\  of  which  cm  must  still  be  expended  against  resist- 
ances in  the  wide  pipe  between  6  and  o,  leaving 
m  6  ==  v  I  =  e  o  as  the  pressure  head  for  a  point  just 
to  the  left  of  the  contraction  at  o.  The  pressure  in 
lo  is  thus  gradually  diminished  from  si  (at  /)  to 
«o  =  v/(atJ). 

,  .,  .  .  .  .  .  xl_  Now  a  portion  es'ot  eo  is  required  to  act  as  ve- 
locity and  entry  head  for  the  entrance  o  to  the  narrower  portion  o  <f  of  the  pipe- 
because  we  need  at  o  not  only  an  additional  entry  head  to  overcome  the  resist- 
ance due  to  the  square  shoulder  formed  by  the  contraction,  but  also  an  addi- 
tional velocity  head  to  give  the  increase  of  velocity  which  must  take  place  as  the 
water  passes  from  the  wide  pipe  lo  to  the  narrower  one  oo/:  for.  so  lour  as  a 
pipe  runs  fitU  aud  the  discharge  remains  constant,  the  velocity  in  each  part  of 
the  pipe  mnst  be  inmnty  as  the  arm  of  oross  section  of  that  part :  because  in 
each  second  the  same  quantity  of  water  passes  each  point:  and  this  constant 
quantity  is  =  area  X  velocity.  Hence,  as  the  area  diminishes,  the  velocity 
i  u  creases. 

There  remains,  therefore,  ^o  as  the  pressure  head  upon  a  point  in  the  narrow 
part  just  to  the  right  of  o;  and  this  in  turn  gradually  diminishes  to  nothing  at 


the  end  </  of  the  pipe,  u  indicated  by  the  dotted  line  to',  being  all  expended  In 
Kir"™!!]*  broker  •—■•--■"'  '  "'    "'  '  "      "   '!' r'"'   L  f" 

When  the  prew 

eelerating  velocity, 

l>ia  tos  at  tbeen trance /,»uas  friction  head  ill 
feu  friction  head  in  bo'. 

When  Ibe  Imkim  of  velocity  at  any  point.  a>  o,  In  very  great, 
the  velocity  head  required  fur  Inch  InctefM  awj  (with  the  entry  head)  be  aa 

I  of  the 

fn.ui  the  pipe 


level  of  the  axis  <,«'  of  the  pipe, 
often  doe*,  nard  the  available  prei 

"  -"---■■ —imimtBUWirifW 

obtaining  water,  the 
a.  in  the  piezometer 

he  hvdrau 
be  found 


«i,  um  y  t„  ,w uumk "^      ^JJJJ 


tor  the  point  where  the  jjici 

&  u'  of  the  pipe  by  a  vertical 

■uaeh  at  eakwe  bead  is  of  course 

point  and  not  from  the  axis  of  the  pipe. 


by  a  vertical  distance  equal  to  tlie  height 

;HM  head  is  of  course  to  be  measured  upward  from  ihii  lo 


Thesjyji 


in  effect  two  separate  tubes  open  at  top:  and  the  water  will  fall  in  both.  An  ori- 
fice at  the  escape  will  be  needed  for  filling  the  syphon  at  the  start  j  and  to  pre- 
vent the  water  thus  introduced,  from  running  out.  stopcocks  must  be  provided  at 
the  ends,  and  kept  closed  until  the  ailing  is  completed. 
The  greatest  pains  must  be  taken  to  make  alt  the  joints  perfectly  alMlght 
The  mot  I  ve  power  or  head  which  causes  the  now  in  a  syphon,  is  the 
vert  dlst  i  o,  from  the  surf  of  the  reservoir,  to  the  diach  end  c;  or  in  other  words, 
it  is  the  dlff.ia,  between  the  theoretical  lengths  us  and  »o,  of  the  two  legs.    Con- 
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sequently,  the  farther  c  is  below  *  the  more  rapid  will  be  the  flow:  and  It  is  plain 
that  as  the  surf  gradually  sinks  below  «,  the  less  rapid  will  the  flow  become.  Hav- 
ing this  head,  the  entire  length  ab c  of  the  syphon,  and  its  diani,  all  in  ft,  the 
disch  may  be  lound  approximately  by  eii  her  of  the  rules  given  in  Art  2  for  straight 
pipes.  These  rules  gi  \  e  55^  galls  per  min,  instead  of  the  43^  palls  actually  discbd 
by  Col  Crozet's  syphon,  with  a  head  of  20  ft,  as  stated  oh  p  24ft,  which  see. 
In  a  true  syphon,  agnyo  Fig  H,  free  front  air  inside,  and  mining  futl% 
the  total  headpo  is  measured  vertically  from  the  surface  m  tin  the  reser- 
voir to  the  center  of  gravity  of  the  outlet  o,  as  in  Fig  1 ;  the  hydraulic 
gradient  (with  the  restriction  named  in  Art  1  v)  is,  as  before,  a  straight  line 

&■  sro  drawn  from  the  foot * 
ipfl f*        ■  ,       ■  i  ,T>     of  the  combined  entry  and 
—           ]Wr                                                         ,r     velodt?r  be||dg  to  the  end 

o;  and  the  Telocity  and 
discharge  are  the  same  as 
they  would  be  if  all  parts 
of  the  pipe  were  brought 
below  tro.  -But  see  cau- 
tions 1  and  2,  below. 

The  pressure  at 
any  point,  g%  n  or  y,  is 
then  given  by  a  vertical 
line,  p «,  nr  or  yt>,  drawn 
from  the  point  in  question  to  sro:  but  for  points,  as  n,  situated  above  are,  this 
pressure  is  negative  or  inward;  while  at  points  where  sro  and  the  pipe  are  at  the 
same  level,  as  at  /and  e,  there  is  neither  pressure  nor  vacuum. 

Caution  1.  But  if  the  water  be  admitted  to  the  empty  pipe  at a,  while  the 
end  o  is  open,  the  pipe  will  not  form  a  true  syphon.  The  part  apra  will  then  run 
full,  and  will  have  sen  as  its  hydraulic  gradient;  but  upon  reaching,  at  a,  a 
portion  no  of  the  pipe  with  a  much  steeper  grade,  the  water  will  run  off,  in  ft  o, 
with  a  velocity  greater  than  that  with  which  it  arrives  from  an.  Hence  the 
stream  in  no  will  have  a  less  area  of  cross  section  than  in  an,  and  therefore  can- 
not fill  no,  but  will  run  off  in  it  as  in  an  open  gutter. 

Caution  ft.  The  tendency  to  vacuum  at  points  above  sro  causes  an  accu- 
mulation, at  n,  of  particles  of  air  that  have  been  carried  into  the  syphon  by  the 
water  or  have  found  their  way  in  through  imperfect  joints,  etc.;  and  these 
bring  about  a  condition  approaching  that  described  fa  Caution  1 ;  for  their 
expansive  force,  by  reducing  the  negative  pressure  or  vacuum  n  r  at  a,  diminishes 
the  total  head  h  r  of  the  part  agn,  while,  Dy  practically  reducing  the  cross-sec* 
tion  of  the  syphon  at  »,  they  require  that  a  portion  of  the  remaining  bead  lie 
used  at  n,  as  entry  head  to  overcome  the  resistance  caused  by  the  contraction, 
and  as  velocity  head  to  give  the  increase  of  velocity  needed  for  nasaiug  the  nar- 
rowed section  at  n.  Now  since  the  friction  head  required  for  the  part  ays  re- 
mains about  the  same,  the  velocity  head  in  the  reservoir  is  considerably  dimin- 
ished, and  the  water  arrives  at  n  too  slowly  to  keep  n  o  filled.  The  accumulation 
of  air  at  n  thus  retards  the  flow  and  disturbs  the  distribution  of  the  pressures, 
so  that  these  are  no  longer  correctly  indicated  by  vertical  lines  drawn  to  sro. 

At  Blue  lftidjre  Tunnel.  Virginia,  GoL  C.  Crozet  constructed  a  drainage 
syphon  1792  ft  long  of  cast  iron  faucet  pipes  3  ins  bore,  9  ft  long.  Its  summit  was 
9  ft  above  the  surface  of  the  water  to  be  drained ;  and  its  discharge  end  was  20  ft 
below  said  surface,  thus  giving  it  a  head  of  20  ft.  At  the  summit  670  ft  from  the 
inlet,  was  an  ordinary  oast  iron  air* vessel  with  a  chamber  8  ft  high  and  15  ins 
inner  diam.  In  the  stem  connecting  it  with  the  syphon  was  a  eut-oflT  stop* 
eoek  s  and  at  its  top  was  an  opening  6  ins  diam,  closed  by  an  air  tight  screw  lid. 
At  each  end  of  the  syphon  was  a  stopcock.  To  start  the  flow  these  end 
cocks  are  closed,  and  the  entire-syphon  and  air-vessel  are  filled  with  water  through 
the  opening  at  top  of  air-vessel.  This  opening  is  then  closed  airtight,  and  the  two 
end  cocks  afterwards  opened ;  the  cut-off  cock  remaining  open.  The  flow  then 
begins,  and  theoretically  it  should  continue  without  diminution,  except  so 
far  as  the  head  diminishes  by  the  lowering  of  the  surface  level  of  the  pond,  slut 
in  praetiee  with  very  loogeypbons  this  is  not  the  case,  for  air  begins  at  once 
to  disengage  itself  from  the  water,  and  to  travel  up  the  syphon  to  the  summit, 
where  it  enters  the  air-vessel,  ana  rising  to  the  top  of  the  chamber  gradually 
drives  out  the  water.  If  this  to  allowed  to  continue  the  air  would  first  fill  the  en- 
tire chamber,  and  then  the  summit  of  the  syphon  itself,  where  it  would  act  as  a 
wad  completely  stopping  the  flow.  The  water-level  in  the  air  chamber 
can  be  detected  by  the  sound  made  by  tapping  against  the  outside  with  a  hammer 
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To  prevent  this  stoppage,  the  emVoff  at  the  foot  of  the  chamber  is 
closed  before  the  water  is  all  driven  oat;  and  the  lid  on  top  being  removed  the 
chamber  is  refilled  with  water,  the  lid  replaced,  and  the  cut-off  again  opened. 
The  flow  in  the  meantime  continues  uninterrupted,  but  still  gradually  diminish* 
ing  notwithstanding  the  refilling  of  the  chamber:  and  after  a  number  of  refill- 
ings  it  will  cease  altogether,  ana  the  whole  operation  must  then  be  repeated  by 
filling  the  whole  syphon  and  air  chamber  with  water  as  at  the  start. 

At  Col.  Crozet's  syphon  at  first  owing  to  the  porosity  of  the  joint-caulking, 
which  was  nothing  but  oakum  and  pitch,  air  entered  the  pipes  so  rapidly  as  to 
drive  all  the  water  from  the  chamber  and  thus  require  it  to  be  refilled  every  5  or 
10  minutes;  but  still  in  two  hours  the  syphon  would  run  dry.  The  joints  were 
then  thoroughly  recaulked  with  lead,  ana  protected  by  a  covering  of  white  and 
red  lead  made  into  a  putty  with  Japan  varnish  and  boiled  linseed  oil.  But  even 
then  the  chamber  had  to  be  refilled  with  water  about  every  two  hours ;  and  after 
six  hours  the  syphon  ran  dry,  and  the  whole  had  to  be  refilled.  In  this  way  it 
continued  to  work. 

In  the  writer's  opinion  an  inside,  and  probably  an  outside  coating  of  the  pipes 
and  air-vessel  with  the  coal  pitch  varnish,  Art  33,  p  291,  would  effect  a  great  im- 
provement. 

Art.  2.  Approximate  formula?  for  the  velocity  of  water  in 
straight,  smooth,  cylindrical  iron  pipes,  as  rot  vo,  lo,  Fig  1,  p  237.  Having  the 
total  head  no,  and  the  length  and  diameter  of  the  pipe. 


Appro 
mean  Tel 

in  ft  per  sec 


!} 


coefficient 

m        X 
as  below 


v, 


diam  in  ft  X  total  head  in  ft 
total  length  in  ft  +54  diams  in  ft 


Table  of  coefficients  "  m 


•» 


4. 


diam  X  head 
length  +  54  diams 


.005 
.010 
.020 
.030 
.050 
.100 
.200 
and  over 


} 


• 

diameter*  of  pipe, 

in  feet 

.05 

.10 

.50 

1 

1.5 

2 

3 

m 

m 

m 

m 

m 

m 

m 

29 

31 

83 

35 

87 

40 

44 

34 

85 

87 

89 

42 

45 

49 

89 

40 

42 

45 

49 

52 

56 

41 

43 

47 

60 

54, 

57 

60 

44 

47 

52 

54 

56 

60 

64 

47 

50 

54 

56 

58 

62 

66 

48 

51 

55 

58 

60 

64 

67 

47 
68 
59 
68 
67 
70 

70 


The  above  coefficients  are  approximate  averages  deduced  from  a  large  number 
of  experiments.  In  most  cases  of  pipes  in  fair  condition,  carefully  laid,  and 
straignt  or  nearly  so,  they  should  give  result*  within  say  from  5  to  10  per  cent 
of  the  truth.  But  slight  differences  as  to  roughness  etc,  may  cause  much 
greater  variations,  especially  in  small  pipes,  for  in  such  a  given  roughness  of 
surface  bears  a  greater  proportion  to  the  whole  area  of  cross  section  than  in  a 
pipe  of  large  diameter.   Extreme  accuracy  is  not  to  be  expected  in  such  matters. 

As  in  a  river  the  velocity  half  way  across  it,  and  at  the  surface,  is  usually 
greater  than  at  the  bottom  and  sides,  so  In  a  pipe  the  velocity  is  greater  at  the 
center  of  its  cross  section  than  at  its  circuraf.  The  mean  velocity 
referred  to  in  our  rules  is  an  assumed  uniform  one  which  would  give  the  same 
discharge  that  the  actual  ununiform  one  does. 

Hence 

Area  of  cross  section 

of  pipe  in  sq  ft. 

See  tables  pp  125  to  140, 157,  247. 

1  cubic  foot 
1 17. 8.  gallon 

For  Kntter's  formula,  as  applied  to  pipes,  see  p  244. 


Discharge   a  Mean  Telocity  w 

in  cub  ft  per  sec  in  ft  per  sec       * 


7.48062  U.S.  gallons 
.13368  cubic  foot  »  231  cubic  inches. 


*  For  Intermediate  diaiuetara,  eto,  take  intermediate  eoeffleieoU  from  the  table  bj  simple  pre> 
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Tn  the  ease  of  long  pipes  with  low  heads,  the  sum  of  the  velocity  and  entry 
heads  (see  pp  237, 238)  is  frequently  so  small  that  it  may  be  neglected.  H  here 
this  is  the  case,  or  where  their  amount  can  be  approximately  ascertained,  Mat- 
ter's formula,  although  designed  for  open  channels,  may  be  used.  This 
formula  is  the  joint  production  of  two  eminent  Swiss  engineers,  E.  Gangnillet 
and  W.  K.  K utter,  but  for  convenience  it  is  usually  called  by  the  name  of  the 
latter.41 

It  is,  properly  speaking,  a  formula  for  finding  the  coefficient  o  In  the  well 
known  formula, 


Mean  Telocity  =  c  Vmean  radius  X  slope 


-.V 


diameter  v^    . 
— X  slope 


According  to  K utter, 

For  English  measure.  For  metric  measure. 


C    = 


«*  +  S  +  1?-    _  »  +  g  +  i 


/,«.   ,    .00281  \  /^   ,  .00155  \ 

1+ —  —  It — 

1/meAii  rad  in  feet  |/meau  rad  in  metres 

See  also  tables  of  c,  pp  275  to  278. 

The  mean  radius  is  the  quotient,  in  feet  or  in  metres,  obtained  by  divid- 
ing the  area  of  wet  cross  section,  in  square  feet  or  in  square  metres,  by  the  wet 
perimeter  (see  below)  in  feet  or  in  metres.  In  pipes  running  full,  or  exactly  half 
full,  and  in  semicircular  open  channels  running  full,  it  is  equal  to  one-fourth  of 
the  inner  diameter. 

The  wet  perimeter  is  the  sum,  a  b  c  o  Figs  28, 29, 30,  p  271, of  the  lengths, 
ah,  be,  co,  in  feet  or  in  metres,  found  by  measuring  (at  right  angles  to  the  length 
of  the  channel)  such  parts  of  its  sides  and  bottom  as  are  in  contact  with  the 
water.    In  pipes  running  full,  it  is  of  course  equal  to  the  inner  circumference. 

The  slope  Is  - >***>»  head  «o  Fig  l,p  287 

*^  length  of  pipe  measured  in  a  straight  line  from  end  to  end. 

»  sine  of  angle  v>so,  Fig  1. 

In  open  channels,  this  becomes 

bIa  fall  of  water  surface  in  any  portion  of  the  length  of  the  channel 

*"  length  of  that  portion 

=  fall  of  water  surface  per  unit  of  length  of  channel 

-  sine  of  the  angle  formed  between  the  sloping  surface  and  the  horizon. 

The  numl>er  indicating  the  slope  in  any  given  case  is  plainly  the  same  for 
English,  metric  and  all  other  measures. 

"  n  "  is  a  "  coefficient  of  roughness  "  of  wet  perimeter,  and  of  course 
depends  chiefly  upon  the  character  of  the  inner  surface  of  the  pipe.  For  iron 
pipes  in  good  order  and  from  1  inch  to  4  feet  diameter, »  may  be  taken  at  from 
.010  to  .012 ;  the  lower  figures  being  used  where  the  pipe  hi  in  exceptionally  good 
condition. 

If  the  diameter,  or  the  mean  radius,  is  in  feet,  metres  etc,  the  velocity  will  be 
in  feet,  metres  etc,  per  second. 


*  See  °  Flow  of  Water,"  translated  from  Ganguillet  and  Kutter,  by  Rudolph  Hering 
and  John  0.  Trantwine,  Jr.,  New  York,  John  Wiley  k.  Sons,  1889.    $4.00. 
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n«>  diameter  or  tlto  slope,  required  for  a  gives  velocity, 

may  be  found  by  trial  as  follow*:  assume  a  diameter,  or  a  slope,  as  the  case  may 
be ;  take  the  corresponding  e  from  tables,  pp  275,  etc.   -Then  say 

Approx  l>iam  required  _  mean  v  .      /  velocity  \» 
for  the  given  vel  ~  radius  A  *     \e  j/giope/ 

Approx  Slope  required  =  /        velocity        V    (    ▼elocity   \« 
for  the  given  ver  \  el/mean  radius/      \  c  vi^Tam/  * 

With  the   approximate  diameter  (or  slope)   and   c,   thus   obtained,   say 

«/  =  «v  me*0  radius  X  slope!  If  ©'  is  near  enough  to  the  given  velocity,  the 
assumed  diameter  (or  slope)  is  the  proper  one.  If  not,  try  again,  assuming  a 
greater  diameter  or  slope  than  before  ifV  is  less  than  the  required  velocity,  and 
vice  versA, 


T»  reduce  out  ft  to  U.  8.  gallons,  molt  by  7.48.   8tnee,  therefore,  8  cub  ft  are  equal  to  60  gain,  (Terr 
nearly,)  if  we  divide  the  eub  ft  per  24  hoars,  by  8,  we  get  the  number  of  persona  that  may  be 
tally  supplied  with  SO  gals  each,  by  a  pipe  constantly  running  fuU,  and  at  the  vel  given  in  the  third 
eoi.    This  condition  does  not  exist  in  city  water-pipes;  tbe  water  in  them  being  comparatively  stag 
•ant.    Therefore,  the  results  or  the  rule  and  table  do  not  at  all  apply  to  them. 

Raw.    If  tbe  pipe,  Instead  of  being;  straight,  baa  easy  enrves. 

(•ay  with  radii  not  less  than  5  dlama  or  the  pine,)  either  hor  or  vert,  the  diach  will  not  be  materinUr 
diminished,  so  long  as  the  total  heads,  and  total  aotual  lengths  of  pipes  remain  the  same;  provided 
the  tope  of  nit  the  carves  are  kept  Mow  the  hydraollo  grade- line;  and  provision  be  made  for  the 
escape  ef  air  aeonmulatiag  at  the  tops  of  the  eorvee.    See  Fig  44  A,  p  297, 

W otwitlistanding  what  is  said  about  bends  on  pages  256, 266,  we 

•arise  to  make  the  radios  as  much  man  thaa  6  dlams  as  can  conveniently  ha  dose. 

To  And  either  tbe  area  of  pipe,  opening,  or  channel- way  $ 
•r  the  mean  vel;  or  the  quantity  discharged,  when  the  other  two 

are  given*  This  applies  to  openings  in  tbe  sides  of  vessels,  to  rivers,  and  to  all  other  channels  an 
well  as  to  pf  pes. 

Disch  in  cub  ft  Disoh  in  cub  ft 

Areata-      P"  *"«»<*  Meanvel-      P»r"»°»* 

*»foet-  mean  vel  In  toftperseo  ^^^ 

feet  per  sec.  aq  feet. 

Disch  In  eob  ft  _  area  in  y   mean  vel  In 
per  second  sq  feet        ft  per  second. 

Or  all  che  terms  may  be  in  inches  instead  of  feet ;  and  minutes  or  hears  Instead  of  ieoanda. 

17 
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TABLE  OF  WBICUBTT  4>F  WAT»  COWTAWHEB  »  OBTK 
FOOT  L.KNOTH  OF  PIPES  OF  DIFFERENT  BORES. 

(Original.) 

Water  at  maximum  density,  62.426  lbs.  per  cubic  foot  =  1  gram  per  cubic  centi- 
meter;  corresponding  to  a  temperature  of  4°  Centigrade  *=  39.2°  Fahrenheit. 

Weight  =  0.340476558  X  square  of  bore  in  inches. 


Bore. 
Ins. 


Water. 
Lbs. 


0.005320 
0.021280 
0.047879 
0.085119 
0.132998 
0.191518 
0.260677 
0.840476 
0.430914 
0.531993 
0.643712 
0.766070 
0.899068 
1.042706 
1.196984 
1.361902 
1.537460 
1.723658 
1.920495 
2.127972 
2.346089 
2.574846 
2.814243 
8.064280 
3.324957 
8.596273 
3.878229 
4.170826 
4.474062 
4.787938 
5.112463 
5.447609 
6.149840 
6.894630 
7.681980 
8.511889 
9.384358 
10.299386 
11.256973 


Bore. 
Ins. 


10* 

ioh 
11 

11^ 

12 

12K 
13 

13^ 
14 

14^ 
15 

17^ 
18 

18^ 
19 

£& 
20 

21 

22 


Water. 
Lbs. 


12.26712 

13.29983 

14.38509 

15.51292 

16.68330 

17.89625 

19.15175 

20.44981 

21.79044 

23.17362 

24.59936 

26.06766 

27.67852 

29.13194 

80.72792 

82.36646 

34.04756 

37.53743 

41.19754 

45.02789 

49.02848 

63.19931 

67.54037 

62.05167 

66.73321 

71.58499 

76.60700 

81.79925 

87.16174 

92.69447 

98.39744 

104.27064 

110.31408 

116.52776 

122.91168 

129.46583 

196.19022 

150.14972 

164.79017 


Bore. 
Ins. 


24 
25 
26 
27 
28 
29 
80 
31 
32 
33 
34 
35 
36 
87 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
68 
69 
60 
61 


Water. 
Lbs. 


180.1116 
196.1139 
212.7972 
230.1615 
248.2067 
266.9328 
286.3399 
306.4280 
327.1970 
348.6470 
370.7779 
393.5897 
417.0826 
441.2563 
466.1110 
491.6467 
517.8683 
544.7609 
572.3394 
600.5989 
629.5393 
659.1607 
689.4630 
720.4463 
752.1105 
784.4557 
817.4818 
851.1889 
885.5769 
920.6459 
956.3958 
992.8267 
1029.9386 
1067.7314 
110&2061 
1145.3598 
1185.1964 
1225.7120 
1266.9096 


Bore, 
las. 


62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
88 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
96 
96 
97 
98 
99 
100 


Water. 
Lbs. 


1808,788 
1351.347 
1394.588 
1438.509 
1483.112 
1528.395 
1574.359 
1621.004 
1668.330 
1716.337 
1765.025 
1814.394 
1864.444 
1915.175 
1966.587 
2018.680 
2071.453 
2124.908 
2179.044 
2233.860 
2289.858 
2345.536 
2402.396 
2459.936 
2518.167 
2577.060 
2636.643 
2696.907 
2757.852 
2819.478 
2881.785 
2944.773 
8008.442 
3072.792 
3137.823 
82034NJ6' 
3269.927 
3387.001 
3404.756 


The  weight  of  water  in  a  given  length  (as  one  foot)  of  any  pipe  or  other 
oircular  cylinder  is  In  proportion  to  the  square  of  the  bare  or 

inner  diameter.  Hence  the  weight  of  water  in  1  foot  length  of  any  cylinder  of 
other  diameter  than  those  in  the  table  can  be  found  by  multiplying  that  for  a  1 
inch  pipe.  0.340475S58,  by  the  squareof  the  inner  diameter  of  the  given  cylinder  in 
inches.  Thin,  for  a  ey Under  120  b>ehes4isuieter :  diameter8  =  120*  =  14400,  and 
weight  of  water  in  1  foot  depth  *  0.340475558  X 14400  =»  4902.848  lbs.  Or,  weight 
for  120  ins.  diam.  -  100  X  weight  tar  12  ins.  diam.  =  100  X  49.02848  =  4902.848  lbs. 
Similarly,  (^)  '  ■=  Jft  -  0.191406,  and  0.340475558  X  0.191406  =»  0.065160  lb.  - 
weight  in  1  foot  of  T^  Inch  pipe.  Here,  also,  ^  =*  half  of  j ;  hence,  weight  for 
^  inch  —  one-JburtA  of  weight  for  |  inch  -  one-fourth  of  (U60677  =.  0.065169. 

Welrht  of  one  square  ineh  of  water  1  foot  hlffh,  at  62.425  lbs. 

per  cubic  foot  =  62.425  -*- 144  =-  0.433507  lb. 
For  farther  Information  respecting  weight -of  water,  seepage  217. 
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248  HYDRAULICS. 

Art*  S.    To  Had  the  total  head  requited  for  a  ffive*  veioetty,  or 

flven  discharge,  through  a  straight,  anaoth,  cylindrical  irou  pipe  of 
qowu  diam  and  length. 

If  the  pipe  Is  curved,  see  Bern  p  245. 

If  the  discharge  is  given,  first  find 

mean  velocity  discharge  In  cubic  feet  per  second 

in  feet  per  second     area  of  cross  section  of  pipe  in  squaro  feet 

Then 

diam  X  head      _  mean  velocity  in  feet  per  second 

length  -r  54  dianis  ~~     the  proper  divisor  as  follows   - 

diam  of  pipe  iu  ft    .05    .10    .50    1      1.5    2     3     4 
divisor  40     43     46    48     61    54    68    61 

(for  intermediate  dianis,  take  intermediate  divisors  by  guess.) 

From  table  Art  2^p  243,  take  the  coefficient  m  corresponding  to  this  value  of 
/      diam  X  head  _x    „.  ,.  m. 

\toBgtb+SidW  "nd  *°  the  g"e"  d,tm-    T"en 

npad  = 1  r  ~ ■ 

in  feet  iu«  X  diam  in  feet 


To  And  the  Friction  head.    Weisbach's  formula. 

(.01716  \      L*n8tft         Vel*  in 

.0144  + \vin   teet  ^  ft  per  sec 

v'vellnft  lX  *Dhim    X -64T~ 

persec  /      in  feet 


For  the  total  head,  we  have  only  to  add  together,  the  friction  head 

so  found,  the  velocity  head,  taken  from  the  wext  table,  or  from  Table  10,  p  258, 
opposite  the  given  velocity,  and  the  entry  head  (-=  say  half  the  velocity  head). 
The  sum  of  the  velocity  head  and  entry  head  rarely  amounts  to  a  foot. 

TABLE  4%>  Of  the  vel,  and  discharge  of  water  through  straight,  smooth, 
cylindrical  cast-iron  pipes;  with  the  friction  head  required  for  each  100  feet  In 
length ;  and  also  the  velocity  head.  Calculated  by  means  of  Weisbach's  formula,  by 
James  Thompson,  A  M ;  and  George  Fuller,  G  £,  Belfast,  Ireland.  The  vel  bead 
remains  the  same  for  any  length  of  pipe ;  being  dependent  only  on  the  velocity  of  the 
water  in  the  pipe. 

The  entry  bead  is  equal  to  about  half  the  vel  head. 
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TABLED 


Yel.  in 

Feet 

per  See. 


2.0 
2.2 
2.4 
2j6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4j0 
L2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
63 
6.4 
6.6 
6.8 
7.0 


Tel- 
head  iu 

Feet. 


.082 
J076 
.090 
.105 
.122 
.140 
.160 
.180 
.202 
.225 
.250 
.275 
.802 
.330 
.860 
.390 
.422 
.456 
.490 
.525 
.562 
.600 
.640 
.680 
.722 
.766 


Diam.  in  Inehes. 


3 


Frhead 
Ft  per 

100  ft. 


Cub  ft 
per  If  in 


.659 
.780 
.911 
1.05 
1.20 
1.35 
1.52 
1.70 
1.89 
2.08 
2.28 
2.49 
2.71 
2.94 
8.18 
8.43 
868 
8.94 
4.22 
4.50 
478 
5.08 
5.39 
5.70 
6.02 
635 


6.89 
6.48 
7.07 
7.65 
8.24 
8.83 
9.42 

10.0 

10.6 

11.2 

113 

12.3 

12.9 

13.5 

14.1 

14.7 

163 

15.9 

16.5 

17.1 

17.7 

18.2 

18.8 

19.4 

20.0 

203 


ZH 


Frhead 
Ft  per 
100  ft. 


CubTt 
perMin 


.565 
.669 
.781 
.901 
1.08 
1.16 
131 
1.46 
1.62 
1.78 
1.96 
2.14 
2.33 
2.52 
2.72 
2.94 
8.16 
138 
$.61 
8.85 
4.10 
4.36 
4.62 
4.89 
5.16 

a.45 


8.02 
8.82 
9.62 

10.4 

11.2 

12.0 

12.8 

13.6 

14.4 

16.2 

16.0 

16.8 

17.6 

18.4 

19.2 

20.0 

20.8 

21.6 

22.4 

23.2 

24.0 

24.8 

25.6 

26.4 

27.3 

28.0 


Frhead 
Ft  per 
100  ft. 


.494 
.585 


.788 
.900 

1.02 

1.14 

1.27 

1.41 

1.56 

1.71 

1.87 

2.03 

2.21 

2.38 

?.57 

2.76 

2.96 

8.16 

8.37 

3.59 

3.81 

4.04 

4.28 

4.52 

4.77 


Cub  ft 
perMin 


Frhei 
Ft  per 
100 


10.4 

11.6 

12.5 

13.6 

14.6 

15.7 

16.7 

17.8 

18.8 

19.9 

20.9 

22.0 

23.0 

24.0 

25.1 

26.2 

27.2 

28.2 

29.3 

80.3 

81/4 

82.4 

83.6 

34.5 

85.6 

36.6 


*A 


>er 
ft.  I 


Cub  ft 
perMin 


.439 
.520 
.607 
.701 
.800 
.905 
1.02 
1.18 
1.26 
1.39 
1.52 
1.66 
1.81 
1.98 
2.12 
2.28 
2.45 
2.63 
2.81 
8.00 
3.19 
3.39 
3.59 
3.80 
4.01 
4.24 


13.2 
14.6 
15.9 
17.2 
18.5 
19.8 
21.2 
22.6 
23.8 
25.2 
26.5 
27.8 
29.1 
304 
31.8 
38.1 
84.4 
85.8 
87.1 
88.4 
89.7 
41.0 
42.4 
43.7 
45.0 
464 


Frhead 
Ft  per 
100  ft. 


.396 
.468 
.647 
.681 
.720 
.815 
.915 
1.02 
1.18 
1.26 
1.37 
1.50 
1.63 
1.76 
1.91 
2.05 
2.21 
2.37 
253 
4.70, 
2.87 
$.05 
3.23 
142 
361 
3.81 


Cub  ft 
per  Mtn 


16.3 

18.0 

19.6 

21.3 

22.9 

24.5 

26.2 

27.8 

29.4 

31.0 

82.7 

34,3 

36.0 

37.6 

89.2 

40.9 

42.6 

44.2 

45.8 

47.4 

49.1 

50.7 

62.3 

64.0 

65.6 

57.2 


Vel- 

bead  in 

Feet. 

Diam.  in  Inehes. 

Tel.  in 
Feet 

Frhead 
Ft  per 
100  ft. 

J 

7 

8 

- 

&'. 

10 

per  See. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  rt. 

Cubrt 

perMin 

20 

.062 

.329 

23.5 

.282 

32.0 

.247 

41.9 

.220 

53.0 

.198 

654 

2.2 

.075 

.390 

25.9 

.334 

853 

.293 

46.1 

.260 

683 

.234 

72.0 

2.4 

.090 

.466 

284 

.390 

38.5 

342 

60.2 

.304 

68.6 

.273 

78.5 

2.6 

.106 

.526 

30.6 

.450 

41.7 

394 

54.4 

350 

69.9 

315 

85.1 

2.8 

.122 

.600 

32.9 

,514 

44.9 

.450 

58.6 

.400 

74.2 

360 

91.6 

8.0 

.140 

.679 

35.3 

.682 

48.1 

.509 

62.8 

.458 

793 

.407 

98.2 

8.2 

.160 

.763 

37.7 

.654 

61.3 

.672 

67.0 

.608 

84.8 

.468 

105 

8.4 

.180 

.851 

400 

.729 

64.6 

.638 

71.2 

.667 

90.1 

.510 

111 

8.6 

.202 

.943 

42.4 

,808 

57.7 

.707 

76.4 

.629 

96.4 

>666 

118 

83 

.226 

1.04 

44.7 

.892 

.    60.9 

,780 

79.6 

.693 

101 

.624 

124 

4.0 

.250 

1.14 

47.1 

.979 

64.1 

.856 

83.7 

.761 

106 

.085 

131 

43 

.276 

1.25 

49.6 

1.07 

673 

.935 

87.9 

1832 

111 

.748 

137 

14 

.302 

1.35 

51.8 

1.10 

70.5 

1)02 

92.1 

.906 

116 

314 

144 

4.6 

.330 

1.47 

54.1 

1,26 

78.7 

1.10 

963 

,981 

122 

.883 

150 

43 

.369 

1.69 

66.5 

1.36 

76.9 

1,19 

100 

1.06 

127 

.954 

167 

6.0 

.890 

1.71 

58.9 

1.47 

80.2 

1,28 

105 

1.14 

132 

1.03 

163 

6.2 

.422 

1,84 

61.2 

1,58 

833 

138 

109 

1.23 

138 

1.10 

170 

6.4 

.456 

1,97 

63.6 

1.69 

86.6 

1J48 

113 

131 

148 

1.18 

177 

6.6 

.490 

2.11 

65.9 

1.81 

89.8 

1.68 

117 

140 

148 

1.26 

183 

6.8 

.626 

2.25 

68.8 

1.93 

98j0 

1,63 

121 

1.50 

154 

135 

190 

6.0 

.662 

239 

70.7 

2.05 

96.2 

1.79 

126 

.1,59 

169 

1.43 

196 

6.2 

.600 

2M 

78.0 

2U8 

994 

1.90 

180 

139 

164 

1.62 

203 

6.4 

.#40 

£69 

2(85 

76.4 

231 

103 

232 

134 

1.79 

169 

131 

209 

6.6 

.68* 

77.7 

2i44 

106 

2,14 

188 

1,90 

175 

1.71 

216 

63 

.79* 

8,01 
8(18 

80.1 

2,68 

109 

2^26 

142 

231 

180 

1.81 

222 

7.0 

.766 

82.4 

2.72 

112 

238 

146 

2.12 

186 

1.90 

229 

250 
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TABLE  4}£— (Continued.) 


Tel.  in 
Feet 

per  See. 


2.0 

2.2 

2.4 

2.6 

2.8 

3.0 

32 

3.4 

3.6 

3.8 

4.0 

4.2 

4.4 

4.6 

4.8 

6.0 

5.2 

6.4 

64 

6.8 

6.0 

6.2 

6.4 

6.6. 

6.8 

7.0 


Vel- 

head  in 

Feet. 


.062 
.076 
.090 
.106 
.122 
.140 
.160 
.180 
.202 
.226 
.260 
.275 
.302 
.330 
.860 
.390 
,422 
.455 
.490 
.525 
.562 
.600 
.640 
.680 
.722 
.766 


Diam.  in  laches. 


11 


Frbead 
Ft  per' 
100  ft. 


.180 
.213 
.248 
.287 
.327 
.870 
.416 
.464 
.514 
.567 
.623 
.680. 
.740 
.803 
.867 
.935 

1.00 

1.07 

1.15 

1.22 

1.30 

1.38 

1.47 

1.55 

1.64 

1.73 


Cab  ft 
per  Min 


12 


Frbead 
Ft  per 
100  ft. 


79.2 
87.1 
96.0 

103 

111 

119 

127 

134 

142 

150 

158 

166 

174 

182 

190 

198 

206 

214 

222 

229 

237 

244v  J 

253 

261 

269 

277 


.166 
.195 
.228 
.263 
.300 
.339 
.381 
.426 
.472 
.520 
.671 
.624 
.679 
.736 
.795 
.857 
.920 
.986 

1.06 

1.12 

1.19 

1.27 

1.36 

1.42 

1.50 

1.59 


Cub  ft 
per  Min 


94.2 

ins 

118 

lay 

182 

141 
161 
160 
169 
179 
188 
198 
207 
217 
226 
235 
246 
254 
264 
273 
283 
292 
801 
811 
820 
330 


13 


Fr  head 
Ft  per 
100  ft. 


.162 

.180 

ijeio 

"  .242 
.277 
.313 
.862 
.393 
.436 
.480 
.527 
.576 
.626 
.679 
.734 
.791 
.850 
.910 
.973 
1.04 
1.10 
1.17 
1.24 
131 
1.39 
146 


Cub  ft 
per  Mia 


110 

121 

138 

144 

156 

166 

177 

188 

199 

210 

221 

232 

243 

254 

265 

276 

287 

298 

309 

821 

332 

343 

354 

365 

376 

387 


14 


Frbead 
Ft  per 

100  ft. 


Oubft 
per  MM! 


.141 

.167 
.196 
.226 
.257 
.291 
.827 
.365 
.404 
.446 
.489 
.534 
.682 
.631 
.682 
.734 
.789 
.846 
.903 
.964 
1.02 
1.09 
1.16 
1.22 
1.29 
1.36 


128 
141 
154 
167 
179 
192 
206 
218 
231 
243 
256 
269 
282 
296 
808 
821 
838 
846 
359 
872 
386 
897 
410 
423 
436 
449 


15 


Frhead 
(Ft  per 
100  ft. 


.132 
.166 
.182 
.210 
.240 
.271 
305 

jm 

.877 
.416 
.467 

.548 
.689 
.686 
.686 
.736 
.789 
.848 
.899 
.967 

1.01 

1.08 

1.14 

1.20 

ha 


Cub  ft 
perMta 


147 

162 

176 

191 

206 

221 

236 

250 

266 

280 

294 

309 

824 

339 

368 

868 

888 

897 

412 

427 

442 

456 

471 

486 

600 

616 


Vel- 

head  in 

Feet. 

Diam.  in  Inohee. 

..  .          i 

Vel.  in 
Feet 

16 

17 

18' 

19 

20 

perSee. 

Frbead 
Ft  per 
100  ft. 

Cub  ft 
per  Min 

Frbead 
Ft  per 
100  ft. 

Cub  ft 
per  Min 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
per  Min 

Frbead 
Ft  per 
190  ft. 

Cub  ft 
per  Min 

Frhead 
Ft  per 
100  ft. 

Cab  ft 
per  Min 

2.0 

.062 

.123 

167 

.116 

189 

,110 

212 

.104 

236 

.099 

262 

2.2 

.076 

1.146 

184 

.138 

208 

.130 

233 

.123 

268 

.117 

288 

2.4 

.090 

.171 

201 

.161 

227 

.162 

254 

.144 

288 

.137 

814 

2.6 

.105 

.197 

218 

.186 

246 

.176 

276 

,166 

907 

.168 

840 

2.8 

.122 

.225 

234 

.212 

266 

.200 

297 

.189 

-S 

.180 

866 

3.0 

.140 

.256 

251 

.240 

284 

.226 

818 

214 

<20* 

893 

8.2 

.160 

.286 

268 

.269 

302 

.254 

839 

.241 

378 

229 

419 

3.4 

.180 

.319 

284 

.300 

321 

.288 

860 

.269 

401 

.266 

445 

3.6 

.202 

.354 

301 

.333 

840 

.314 

382 

■«w 

425 

283 

47t 

3.8 

.226 

.390 

318 

.367 

359 

.347 

403 

328 

449 

312 

497 

4.0 

.260 

.428 

336 

.403 

378 

380 

424 

360 

472 

349 

623 

4.2 

.275 
.302 

.468 

362 

.440 

397 

.416 

446 

394 

496 

374 

660 

4.4 

.509 

368 

.479 

416 

452 

466 

.429 

619 

407 

676; 

4.6 

.330 

.652 

386 

.610 

435 

,490 

488 

.466 

643 

.441 

602 

4.8 

.860 

.596 

402 

.601 

464 

J630 

609 

.602 

667 

.477 

028 

6.0 

.390 

,642 

419 

.606 

473 

.671 

630 

341 

690 

J514 

664 

6.2. 

.422 

.690 

436 

;6&o 

492 

.614 

651 

.681 

614 

.662 

680 

6.? 

.455 

.740 

462 

1696 

611 

.667 

672 

.628 

688 

.608 

707 

6.6 

.490 
.626 

.79t 

469 

.744 

629 

.708 

694 

.666 

661. 

.632 

788 

6.8 

,843 

486 

.793 

648 

.749 

615 

.710 

685 

374 
.718 

769 

6.0 

.662 

.897 

602 

.844 

667 

.798 

636 

.766 

709 

786 

6.2 

.600 

.968 

619 

m 

686 

.847 

667 

.802 

782 

.762 

811 

6.4 

.640 

1.01 

636 

.961 

605 

.898 

678 

.861 

766 

308 

888 

6.6 

.680 

1j07 

563 

1X>1 

624 

.960 

700 

.$00 

780 

.866 

864 

6.8 

.722 

1.13 

669 

\M 

648 

1J0O 

721 

.961 

808 

.904 

896 

7.0 

.765 

1.19 

686 

1.12 

662 

1XM 

742 

160 

827 

.963 

916 
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nmkiM^- 

yrJ° 

bid'i= 

23 

31 

w 

39 

30 

P"B*°" 

2x 

£!£ 

£%fi 

nSv 

£». 

Vt'pM 

sss 

sr.fi 

s 

j»S 

u 

aao 

'vil 

41 1 

jm 

«« 

B 

4.8 

So 

m 

i^fi 

Ml 

SI! 

.J« 

StW 

1109 

TW 

uu 

imk 

.181 

lm 

HI 

aoei 

TABLE  a.    Of  fifth  root*  and  fifth  puwir.. 
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HYDRAULICS, 
TABLE  6,    Of  the  aqnitre  rwila  of  tbe  fifth  power*  of  Hum 


he  firth  powers  of  n  um- 

n  luppoml  u  be  In  tht  lut  dl- 


ofilh        So.        J'  Sift        No.        ollu'      Ho.        JfW       No.        jfSlb'      No.      13' Sri 


TABLE  «(i-    Nnmben,  lu  Inc-hiA.    Bqmn  IMH  of  Mb  powtrt,  Id  feet 


as." 

aw 

S«.«t.«t 

as.- 

as.r 

jj 

»K 

'is 

1 

S| 

» 

jW 

(« 

1 

a 

.HM 

4 

.9880 

■L 

*'K1 

" 

n.u 
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HYDRAULICS. 


ArU  4  <$•  To  find  tbe  dlaehargre  through  a 

v  6,  Pig  1-H,  composed  of  any  number  of  pipes,  a,  6,  e,  s,  of 


eters,  which  decrease  from  tbe  reservoir  toward  the  outflow  o. 


different  d 


pipe 
uun« 


« 


--#- 


_£ 


f 

H 


0 


Piff.lH 


First  find  what  part  of  the  total  head  H  is  employed  in  forcing  the  water  through 
Vie  last  pipe  n  atone,  thus : 

Let  L  a,  L  6,  Lc,  and  L«,  be  the  lengths  in  ft  of  the  pipes  a,  btc,  and  t,  respectively; 
D  a,  D  6,  D  c,  and  D  s  their  diameters  in  ft ;  and  A  a,  A  b,  A  e,  and  A  *  the  areas  of 
their  cross  sections  in  sq  ft.    Then  .    , 

The  head  la  \ 
ft     employed  / 
In  forcing  the  (    __ , 
waterthroagh  f 


The  total  head  H  in  feat 


tbe  last  pipe  V 
x  alone  J 


+L4 


i«XDi     v    /to+(5*XD«)        LH<54XP »)       Lc+<54X1>T) 


)] 


>f<54Xi>«)  "\Aa»XD«     '      A  ft*  X  D  •     *      AOXDc 

However  many  divisions  the  pipe  may  have,  proceed  in  the  same  way  as  above,  using 


Area*  X  Mam 


Length  +  54Diams 


for  the  last  or  narrowest  division;  and 


Length  +  MDiama 
Area*  X  Diam 


for  each  of  the  others. 

Then,  by  the'  formulae,  Arti  2,  find  the  velocity  in  ft  per  second,  and  discharge  in 
cub  ft  persecond,  of  the  last  pipe  x,  using  its  actual  diameter,  length,  and  cross) 
sectional  area,  and  the  head  just  found.  Said  discharge  is  evidently  the  discharge 
for  the  compound  pipe. 

For  the  velocity  m  any  portion,  as  6,  say 


area  of  cross  section 


area  of  cross 


of  the  given  portion    *     section  of  s. 


Telocity 
ins 


Telocity  In  the 
given  portion. 


For  the  above  rule  and  formula,  we  are  indebted  to  Mr.  Howard  Murphy,  C  B, 
"f  Phila;  and  for  the  opportunity  of  testing  it  experimentally,  to  Messrs  Morris. 
"asker  A  Go,  Limited,  Pascal  Iron  Works,  Philadelphia. 
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Art. 5.  On  the  resistance  which  enrved  bends  oppose  to  tbe 
Sow  of  water  through  round  pipes*    Well-rounded  bends  of  large  rad, 


vert  or  hor,  prodooe  bat  little  miiUH»i  except  eo 
far  as  the  first  may  eauae  accumulations  of  sediment,  or  of  ;-» 

•Jr.    Aeoording  to  Wdebaeh.  the  rules  of  DaBoat.  Navler,     ft „■ in.   ■■■ ■ i»-a 

•ad  other  authorities,  are  erroneo«s ;  and  he  give*  the  follow*        (  jay    ^^^.  **» 

lag  one  for  ascertaining  tbe  additional  bead  reqd  to  overcome 

the  reef  stance  produced  in  a  circular  pipe,  bjr  a  bend  formed 

by  an  are  of  a  circle :  Knowing  the  rad  r  •  of  tbe  pipe,  (or.  in 

other  word*,  half  its  dlam.)  in  feet:  tbe  rad  r«,  of  tbe  axis 

r n  o  of  the  bend.  In  feet :  tbe  central  augle  r so  in  degrees ; 

(which  is  equal  to  the  ancle  d  ox,  or  eba,)  and  tbe  reqd  vel 

of  tbe  water  In  £he  pinajln  ft  aer  sea. 

Bale*  t>lv  the  central  angler,  ©in  deg,  by  180. 
Call  tbe  quo*  a.  Neat,  square  tbe  reqd  vel.  Div  this  aq  by 
tbe  constant  number  64.4.  Call  the  quo*  6.  Div  tbe  Inner  rad 
re  of  tbe  pipe,  in  ft,  by  tbe  rad  r*  of  tbe  axis  ruo  of  the 
bend,  in  ft.  Call  tbe  quot  c  Take  from  the  following  Table 
7.  the  number  in  column  d.  which  corresponds  to  c ;  (unless 
c  be  less  than  .1,  in  which  case  always  take  .13  as  d.)  Finally,  mult  together  this  number  d.  tbe 
quot  a,  and  tbe  quot  b.  Tbe  prod  will  be  the  reqd  bead  in  feet;  which  must  either  be  added  to  the 
bead  previously  calculated  for  the  straight  pipe,  if  the  original  vel  is  required  to  be  maintained ;  or 
must  be  subtracted  from  It.  in  case  the  bead  does  not  admit  of  increase,  aud  a  new  oeJonlarion  made 
to  ascertain  tbe  diminished  vel  under  the  head  thus  reduced.  If  there  is  more  than  one  bend  of  tbe 
tame  dimensions,  an  equal  alteration  of  head  must  be  made  for  each  ;  or,  if  they  are  or  din*  radii, 
and  with  dlff  oentral  angles  r  «  o.  a  separate  calculation  must  be, made  for  eaeb.  Beanie's  exaeri- 
menu,  at  tbe  end  of  this  Art,  seem  to  prove  that  this  is  br  no  mean*  tbe  oase.  So  far  as  (be  writer 
la  aware,  we  have  no  reliable  data  for  calculating  tbe  effects  of  •  succession  of  benda.  v  • 

In  shape  of  a  formula,  Welsbaeh's  rale  stands  thus  x  B  being 

the  rad  of  the  axla  of  tbe  bead,  bad  r  the  rad  of  tbe  pipe : 


bead  In  feet       »-T»°»'  VBlnft^      * jj-j- 


squsre  of  vel      oentral  angle 
sec   x     in  degrees 


the  aq  root  of  the  7th  power.    When  tbe  rad  of  the  bend  exceeds  5  diame 

be  omitted  from  the  for- 


The  expreeatoa  £ 

of  tbe  pipe,  then  1.847  ^—^beoomea  inappreciable  In  practice,  and  may 
mala.    When  the  pipe  la  equare,  instead  of  circular,  tbe  formula  beeomea 


180. 


dddMoiial 


TABLE  7. 


e. 

<L 

e. 

d. 

c 

<*• 

e. 

d. 

c. 

d. 

.1 

.131 

.326 

.17 

.5 

.29 

.676 

.60 

.85 

1.18 

.16 

.186 

.36 

.18 

.626 

.22 

.7 

.66 

,  .875 

1.29 

.2 

.126 

.876 

.196 

.66 

M 

.726 

.73 

.6 

1.41 

.235 

.146 

.4 

« 

.676. 

M 

J6    • 

.80 

JW 

1.64 

.26 

.16 

.426 

.6 

.44 

.776 

.88 

,96 

1.68 

.276 

.165 

,46 

.24 

426 

.49 

.8 

.96 

.976 

1.86 

.* 

.16 

.476 

.264 

.66 

.64 

.826 

1.08 

1. 

2. 

A  straight  pipe  1  mile  long,  and  18  lna  dlam,  with  a  total  bead  of  20  a,  will  disch  water  with 
a  vd  of  4  ft  per  see ;  but  it  baa  been  found  neoeasary  to  introduce  a  circular  bend  or  90°,  with  a  rad 
•r.  fig  2,  of  6  feat.    What  addition  nwt  be  made  to  tbe  20  ft  head,  to  conipeaaaie  for  the  additional 


reslataaee  caused  by  the  bead  l  ao  that  the  reqd  vel  of  4  ft  per  see  may  still  be  maintained  T 

Bare,  90°  ♦  180  =  .6  =  o.  Next,  tbe  square  of  tbe  reqd  vel  in  ft  per  sec,  is  4  X  4  =  16.  And  16  -r 
64.4=^464 -=6.  The  radVe  of  the  pipe  (.76  ft),  61*  tar  the  red  r«  of  the- bend  (5ft),=  .76*6=. 15 
z:  a ;  and  opposite  this  .16  In  tbe  column  a  or  tbe  foregoing  table,  we  And  d  s=  .1*5.  Finally, 
•  XiXd=5X  .2484  X  .166  =  4168  ft,  or  about  one-fifth  inch  only,  the  additional  head  reqd.  See 
next  table.  No.  8. 

Da  Boat's  rale  for  the  additional  head  required  to  over* 
come  the  resistance  of  circular  bends  in  water  pipes.   Haying 

dlam  of  pipe,  In  ft ;  rad  of  bend,  in  ft,  oentral  angle  w  «  o,  Fig  2 ;  and  vel  iu  ft  per  sec.  Div  e  r,  Fig 
2.  or  Aval/  the  dlam  of  tbe  pipe,  by  the  rad  a  w  of  tbe  outer  side  of  tbe  bend.  Tbe  quot  will  be  the 
•at  veraed  atae  of  Da  Baatfa  angle  of  reflexion.  Take  tbia  versed  sine  from  unity,  or 
1.  The  Bern  will  be  the  nat  cosine  of  tbe  same  angle.  From  the  Table  of  Nat  8in  and  Tang,  take 
both  tbe  angle  and  the  nat  alee  corresponding  to  tfala  nat  cosine.  Call  the  angle  R.  Also,  square  tbe 
■at  aloe,  and  oall  tbia  square  8.  Take  tbe  angle  w  «  o  from  180°.  Div  the  rem  by  (trice  the  angle  R 
Of  reflexion  just  found.  Call  tbe  quot  T.  Finally,  mult  together  the  oonatant  dec  .00376,  tbe  square 
of  the  vel  in  ft  par  see,  the  quot  T,  and  9hw  square  S.    Tbe  prod  will  be  the  reqd  extra  head  in  feet. 
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Ex.  The  mm  m  the  foregoing  one  for  Welabaob's  rule ;  that  is,  a  pipe  of  18  1m,  or  L5  ft  diam ; 
red  *  it  of  <m<W  tide  of  bend,  ft  75  ft ;  r«l  4  ft  per  sec.  What  ettra  bead  will  the  bend  require,  in 
order  that  talc  vol  may  Dot  be  dlminiehed  t 


75 
Hero,  r=r  ="  .13043  =  nat  versed  aine  of  angle  of  reflexion. 
5.70 


And  1  —  .13043  =  .86957  =  na«  eoa  of 


we  Hod,  opposite  the  nat  ooe  .88957,  the  angle  B  = 
kv—  _     Agakl|l8Qp_t0D-s9n5j> 


And 


angle.    In  the  Table  of  Nat  Sin.  4m>, 
2»o  W ;  and  it*  nat  atoe  .4037.    The  square  of  .4087  =  .2437  =  8. 

SO^lo7"  =  MM  ml"  =  IM»  or  T*  FiB»Uj'  *■*  "lwt  of  *»•  »•>  u  w :  henoe»  *•  »**•  •00375  x 
16  X  1.53  X  .2*87  =  .0222  ft.  the  reqd  extra  head ;  or  about  M  of  an  Inoh.  Wefebach's  rnle  gave 
.0168  ft,  or  about  one- fifth  of  an  ineh.  Henoe  we  tee  that  the  resistance  predated  by  well- rounded 
benda  lis  not  great. 

When  the  rad  r  &,  Flgr  *t  of  the  bend,  l»  less 
than  about  two  tllams  of  tli«  pipe,  Which  wilt  rarefy  hap- 
peu.  the  resistance  to  the  tlow  of  the  water  increases  very  rapidly ;  while,  on 
the  other  hand,  by  Wetabach's  rule,  as  we  understand  it,  no  advantage  ap- 
pears to  be  gained  by  using  a  rad  greater  than  5  diams  of  the  pipe.*  Employ* 
Ing  Weisbaoh's  formula,  the  writer  has  drawn  up  the  following  table  of  heads 
reqd  to  overcome  the  resistance  of  one  bend  of  00°,  for  dtff  vels  in  ft  per  see'; 
aod  for  any  diam  whatever.  This  table  extends  rrom  a  rad  of  5  diams  down 
to  one  of  %  dlatn ;  whloh  Is  the  smallest  possible,  inasmuch  as  it  leads  to  a 
bend  like  Pig  3. 

A  vel  of  12  ft  per  see  la  equal  to  8.18  miles  per  hour;  one  which  will  randy 
occur,  Inasmuch  as  it  requires  a  head  of  about  390  feet  per  mile. 


Fig.  3. 


TABLE  8.    Heads  reanlred  to  overcome  the  resistance  In 


eirenlar  bends  of  90°.    Original. 


reon 


Bad  =  5  diams  of 
the  pipe. 

1ft. 
.001 

.004 

.090 

Veloc 
4ft. 

HI 

.016 

dtjrtn 

ADS. 
.025 

feet  par  Bo 

6ft.  1  7ft.   | 
[K  FEST. 
436  I   .050 

oond. 

8ft.   1 

Mb 

9ft.  1 
.083 

10  ft.  1 
.101 

12  ft. 
.145 

Bad  =  3     diams... 

.001 

.004 

.010 

0117 

AM 
MB 

jm 

.052 

.069 

.089 

.106 

.158 

Rad  =  2     diams... 

.001 

.006 

.011 

.019 

Mt 

.057 

.074 

.094 

.116 

.167 

Rad  =  IX  diams... 

.001 

.005 

.012 

w 

.033 

.048 

.086 

jm 

.108 

.134 

.192 

Bad=  IK  diam... 

.002 

.007 

.015 

.026 

.041 

.059 

.080 

.104 

.132 

.168 

.235 

Bad  =  l     diam... 

.002 

.009 

.020 

.036 

.056 

.081 

.110 
.221 

.144 

.182 

.225 

.394 

Rad=    afdlam... 

.005 

.018 

.041 

.072 

.113 

.162 

.288 

J65 

.450 

.649 

Rad  =   Jtdiam... 

.016 

.062 

.140 

L— 

.248 

AAA 

.659 

.761 

.994 

1.26 

1.5fr 

2.24 

If  the  central  ancle  r  a  o,  Fljr  2»  should  he  either  greater,  or 
less  than  90°,  then  the  heads  given  in  the  table,  must  be  increased,  or  dimin- 
ished directly  in  the  same  proportion. 

Experiments  by  Rennle,  with  a  pipe  15  ft  long;  and  %  inch  bore ;.  with 
4  ft  head,  gave  the  following  disch  in  cab  ft  per  sec ; 

Straight .00699  eab  ft.  I  One  bend  at  rt ght  angles  near  end OflSM 

15  semloiMular  bends 00617     "      1 24  betide  at  right  angles 60258 

The  mean  of  many  careful  experiments  tried  at  Liverpool, 
England,  with  a  leaden  pipe,  75  ft  long,  %  inch  bore,  under  8  ft  head,  gave  the 
following  number  of  sacs  to  discharge  one  gallon  of  water : 

75  ft  pipe,  straight  and  hortiontal..  8J,56  seo.  I  4  vertical  bend*  near  dlmharmend  85,60  oaf. 
2  hor  bends  near  discharge  end  ...  8*.S3    •«      4  vertical  bends  near  supply  end. ..  84.00  " 
2  hor  beads  near  sopptf  end. . ..  ^r.  81.80   "   | 

The  rad  of  the  bends  is  not  stated,    flee  Minutes  Trans  fnst  Civ  Bog,  vol  12.  page  501. 

Os  On  hneea,  or  angrnlar  bends  In  water 

pipes.  Flgr  *•     The  bends  in  lines  of  witter  pipes 

n  ii_i  ii      n  n-l— -»———— d  snoold  always  form  eirenlar  ares ;  because  knees  create  a  moon 

'  — — »*.  greater  resistance.    According  to  WeisbseD,  the  head  In  ft  reqd  to 

overcome  the  additional  resistance  caused  by  a  knee  in  a  round 
\f      pip*  is  as  follows : 


FlfiT.4. 


Additional  _  8<l  «*  *•*-  in  ftp*r  wn 


X  constant  In  fotlowiag 


head  in  ft  94.4 

table  opposite  the  angle  of  deflection,  a  *  0,  or  *f  */,t  Fig  4 


*  Notwithstanding  this,  we  advise  to  nee  as  many  more  than  5  as  can  conveniently  be  done. 
t  The  constant  for  any  angle  of  def,  is  equal  to  .946  times  the  square  of  the  nat  sine  of  half  the 
angle  of  def;  X  2.05  times  the  4th  power  of  the  same  sine. 


HYDBAUUOS. 


257 


• 

TABLE*. 

Ang.  of 

Ang.of 

i 
*ng.  «f  1 

Def. 

Constant. 

D«f. 

Constant. 

Del 

Constant. 

in  Degs. 

in  Dog. 

In  Doge. 

140° 

2.441 

70° 

.US 

»° 

.Off 

ISO 

2.168 

SO 

.304 

SO 

.090 

120 

1.861 

50 

.334 

16 

jOM 

110 

1.650 

40 

.1W 

10 

.007 

100 

1.360 

86 

.102 

6 

.00* 

SO 

<064 

to 

.078 

80 

.«. 

Constants  Intermediate  of  those  In  the  table  may  be  obtained  near  enough  by  simple  proportion. 

T  Jie  diaeh  la  4  iminislied  by  swellings,  or  enlargements  in  pipes, 

as  well  ae  bj  contractions,  bends,  and  knees;  ou  aoooant  of  the  eddies  wbich  tber  produce,  Ac. 

Art.  6*  Inasmuch  m  the  pres  of  quiet  water  agaiust,  aud  perp  to,  any  given 
wrf.  is  (other  things  being  equal)  in  proportion  to  the  vert  height  or  the  water  above  the  oen  of  grav 
if  the  pressed  sutf,  (see  art  1.  Hydrostatics.)  It  follows  that  In  two  pipes  of  the  same  diams,  sis*, 
sad  e  it,  Fig  5,  the  pres  against,  and  at  right 


Ft*.  5. 


sugles  to,  the  equal  bases,  mttof  the  vert  pipe, 
aud  op  of  the  inclined  oue,  are  equal ;  because 
the  vert  heights,  a  b  and  hgt  of  the  water  above 
the  oen  of  grav  •  and  c,  pf  the  equal  bases,  are 

El  in  the  two  pipes.  If  the  base  of  the  inclined 
be  out  so  that  I  y  becomes  the  base,  then  the 
is  no  longer  a  circle,  bat  an  ellipse;  the 
area  of  which  will  alwajs  be  greater  than  that 
of  the  circular  one ;  and  since  the  vert  height  *  g 
remains  unchanged,  the  pre*  against  the  base  tg, 
and  perp  to  it,  will  be  greater  than  that  against 
op,  in  the  same  proportion  as  the  two  areas. ' 

The  upright  pipe  ma  v  be  but  1  ft  bug  j  and  the 
inclined  one  1  mik\  or  10  miles  long,  still  the  pres 
at  the  base  mn  will  be  the  same  as  that  at  the 
base*  »,  so  long  as  the  vert  height  a  6  is  equal  to 

the  vert  height  g  a.  The  greater  weight  of  the  water  in  c  a.  does  not  increase  the  pro*  at  ltd  lower  end 
op ;  aaM  weight  being  sustained  by  the  under  part  pes  of  tbe'laclined  pipe. 

If,  therefore,  two  steam  pumps,  with  pltmgers  of  equal  diameter,  were 
km  ployed  ;  one  to  force  the  water  up  the  one  foot  long  vertical  pipe,  and  the 
other  to  force  it  up  the  ten  miles  of  inclined  pipe;  both  engines  would  have  to 
exert  the  same  force  to  balance  their  respective  column*  of  water ;  i  «,  to  uphold 
them.  In  other  words,  the  Uatio  pressure  of  the  water  is  the  same  in'  both  cases ; 
being  equal  to  the  weight  of  a  cylindrical  column  of  water  of  the  same  diameter 
as  the  plunger*  and  as  long  as  the  vertical  stretch,  a  ft  or  £  A,  of  the  tfipes. 

But  in  order  to  mom  tlie  water  in  either  pipe  at  a  given  velocity,  an  additional 
force  is  required,  equal  to  the  weight  of  a  cylindrical  column  of  water,  the 
diameter  of  which,  is  equal  to  that  of  the  plunger,  and  the  length  of  which  is 
equal  to  the  total  head  (calculated  by  Art  3,  p  248)  required  to  force  water  at 
the  given  velocity  through  a  pipe  of  the  given  dimensions.  The  weight  of  this 
second  column  is  the  pressure,  or  wtoHve/orce,  necessary  to  give  the  required  veloc- 
ity to  the  water,  to  overcome  its  friction  in  the  pipe,  ana  to  put  wate,r  into  the 
pipe  at  its  lower  end  as  fast  as  it  passes  out  at  the.  upper  end.    See  Art  1  a,  p  237. 

The  Mai  force,  or  total  steam  pressure  required  in  the  cylinder,  is  the  sum  of 
these  two  pressures ;  namely,  of  the  static  pressure  and  the  motive  force. 

In  the  foregoing  we  hafre  assumed  that  the  resistance  to  entry  is  only  such  as 
would  be  encountered  by  water  when  forced  by  any  means  from  a  reservoir  Into 
the  open  end  of  an  ordinary  pipe ;  so  that  the  "entry  head"  may  be  taken  as 
equal  to  about  XA  the  velocity  head.  In  practice,  a  much  greater  resistance  to 
entry  is  offered  by  valves,  by  sudden  bends  in  pipes  leading  to  and  from  air 
chambers,  etc.  Still,  in  most  cases  the  entry  head,  even  as  thus  increased,  is 
but  trifling  in* comparison  with  the  total  head. 

Art.  7.  The  flow  of  water  throaa;ii  small  orifices  in  the 
sides  or  bottom  of  a  very  large  weasel.  Theoretically,  the  vel  with 
which  water  should  flow  through  such  an  opening,  is  equal  to  that  which  would 
be  acquired  by  a  heavy  body  falling  freely  through  a  height  equal  to  the  head, 
or  depth  of  water,  measured  vert  fioin  the  level  surf  of  the  water  in  the  reser- 
voir, to  the  center  of  the  opening;  or,  more  correctly,  to  its  cen  of  grot.  This 
theoretical  vel  is  found  in  ft  per  sec.  by  mult  the  so  rt  of  said  head  or 
vert  depth  in  ft,  by  the  constant  number  8.03 ;  or,  mult  the  head  itself  in  ft,  by 

•  Beeanse  the  plunger  now  forms  practically  the  bottom,  n  m  or  op,  of  the  pipe.    8ee  Bern  2, 
q  MS. 
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64.4.  and  take  tbe  sq  rt  of  the  prod.  Id  prattle*,  wdinuy  use  8  and  64.  aa  near  enough.  The  thee- 
reiioal,  as  well  as  tbe  actual  due*,  or  the  quantity  Id  oub  ft,  whioh  flows  oat  per  see,  is  evidently 
equal  in  all  eases  to  the  prod  of  the  theoretical,  or  of  the  aottal  vel,  (as  the  ease  maj  be,)  in  ft  pet 
see,  molt  bj  the  area  of  the  opening  In  so  It 

These  theoretical  laws  apply  equally  to  all  fluids,  whatever  may  be  (hair  tp  grav ;  thus,  theoretically, 
mercury,  water,  air,  4c,  will  all  flow  with  equal  vote  from  openings  of  equal  sises,  uuder  equal  heads. 


Practically,  however,  only  the  mean  vel,  and  the  diseh  through  the  ven»  eontrtbCtJb,  or 
eontritetecl  V«>illf  (see  Pig  11.)  whleb  torus  itaeir  Just  outside  of  oertaia  kinds  of  opeuiaga, 

(and  which  Is  smaller  than  the  openings  themselves,)  are  aetaally  eery  nearly  equal  to  the  theoret- 
ical ones ;  but  through  the  eery  opening  it— If  they  are  usually  leas.  The  discrepancy  is  greater  lo 
some  cases  than  in  others ;  depending  cM^ty  vn  the  shape  of  the  opening. 

On  this  aooount.  the  theoretical  vel  and  disoh  found  by  the  foregoing  rule,  must  usually  be  dimln* 
Ished  by  mult  them  br  certain  decimal  u umber*  oorre*poadln$  to  the  various  kinds  of  openings :  aad 
called  co«£ManU  of  dUckarae.  These  ooeffs  have  iu  many  eases  been  determined  by  experiment 
eery  apprwimutelt ;  and  will  be  found  In  the  following  artlolee. 

TABLE  lO.     Of  Che  theoretical  velocities  in  feet  per  see, 

with  whtch  water  should  flew  out  Into  the  air.  under  diff  heads,  through  openings  in  tbe  bottom  or 
sides  of  the  containing  reservoir ;  tbe  surf  level  of  which  remains  constantly  at  the  same  height. 
Welsbaeh  says  (see  third  le emote  to  Art  0)  that  when  water  flows  oat  of  an  opening  under  water, 

as  at  n,  Fig  1,  the  vel  and  diseh  are  about  jnjr  part  less  than  when  it  flows  Into  the  open  air,  under 

3ual  heads.    When  the  diseh  is  made  under  water,  the  vert  diet  a  w.  Pig  1.  between  the  surf  levels 
the  two  reservoirs,  must  be  taken  as  the  head.    These  theoretical  veta  are  very  nearly  the  actual 
mean  ones  at  the  contracted  vein;  eee  Art  9.  Calling  the  head,  H,  then 


L 


Tbeoret  vel  _  ,/-  _ 

in  ft  par  see        ~  V     9 

H    = 

y'  64.4  H    = 

:  8.93  rimes  tie  eqrtofthe  head  *»/». 

Theoretical  head  _  ••*■  _  »*i*  . 

in  ft*                         %g          64.4 

(  square  of  tkeoret  s*l\ 
=  V        inftparMo        ) 

X  -0156. 

Head 

Vet. 

Head 

Vol. 

Head  Vel. 

Head  Vel. 

Head  Vel. 

Head 

Vel 

Head 

Vol. 

Feet. 

Ft  per 
sec. 

Feet. 

Ft  per 
see. 

Feet. 

Ft  per 
sec. 

Feet. 

Ft  per 

sec 

Feet. 

Ft  per 
see. 

ITOOwa 

Ft  per 
sec. 

Feet. 

Ft  per 

.005 

.57 

.29 

4.32 

.77 

7.04 

140 

9J83 

7. 

21.2- 

98 

42.5 

76 

69.9 

.010 

.80 

.30 

4.39 

.78 

7.09 

1.52 

9.90 

.3 

21.5 

99 

43.2 

77 

70.4 

.015 

.98 

.31 

4.47 

.79 

7.kt 

1.54 

9.96 

.4 

21.8 

90 

48.9 

78 

79.9 

.020 

LIS 

3 

4.54 

.80 

7.18 

1.56 

10.0 

A 

22.1 

91 

44.7 

79 

71.8 

.025 

1.97 

4.61 

.81 

7.22 

1.58 

10.1 

» 

22.4 

32 

45.4 

89 

71.8 

.030 

1.39 

.84 

4.68 

.82 

7.26 

1.60 

10.9 

8. 

22.7 

83 

46.1 

81 

72.9 

.0*5 

1.50 

.» 

4.75 

.83 

7.31 

1.65 

10.8 

.2 

29.0 

94 

46.7 

89 

72.6 

.040 

1.60 

.36 

4.81 

.84 

7.36 

1.70 

104 

.4 

93.3 

36 

4T.4 

89 

78.1 

.046 

1.70 

.87 

4.87 

.85 

7.40 

1.T5 

10.6 

.8 

23.5 

96 

48.1 

Si 

7S.5 

.060 

1.79 

.38 

4.94 

.86 

7.44 

1.80 

10.8  . 

.8 

23.8 

87 

48.8 

*f 

74.0 

.055 

1.88 

.39 

5.01 

.87 

7.48 

1.85 

10.9 

9. 

24.1 

38 

49.5 

86 

74.4 

.060 

1.97 

.40 

5.07 

.88 

7,53 

1.90 

11.1 

.2 

24.3 

39 

50.1 

87 

74.8 

.085 

9.04 

.41 

5.14 

;89 

T.57 

1.95 

11.9 

.4 

94.6 

40 

50.7 

88 

75.9 

.070 

9.12 

.42 

6.20 

M 

7.61 

2.     ■ 

11.4 

.6 

94.8 

41 

M.S 

89 

75.7 

.075. 

9.20 

.43 

5.96 

* 

7.65 

2.1 

11.7 

.8 

25.1 

49 

«M> 

B' 

76.1 

.080 

2.27 

.44 

532 

7.7b 

2.9 

11.9 

10. 

25.4 

43 

52.6 

76.5 

.085 

9.84 

.45 

536 

.96 

7.T4 

2.3 

12.2 

.5 

26.0 

44 

53.2 

92 

76.9 

.090 

9.41 

.46 

5.44 

.94 

7.78 

3.4 

12.4 

11. 

26.6 

45 

53.8 

99 

77.4 

.095 

9.47 

.47 

530 

.95 

7.82 

>  2j5 

13.6 

.5 

27.2 

49 

54.4 

94 

*7.8 

.100 

2.54 

.48 

6.56 

.98 

7.86 

2.6 

12.9 

12. 

27.8 

47 

65.0 

96 

78.9 

.105 

2.60 

.49 

5.62 

.97 

7.90 

2.7 

13.2 

A 

28.4 

48 

55.6 

96 

78j6 

.110 

2.66 

.50 

6.67 

.98 

7.94 

2.8 

13.4 

13. 

28.9 

49 

56.2 

5 

79.0 

.115 

2.72 

.51 

5.73 

■M9 

7.98 

2.9 

13.7 

.6 

99.5 

60 

56.7 

96 

79.4 

.190 

2.78 

.52 

5.79 

lFt. 

8.08 

3. 

13.9 

14. 

90.0 

61 

67.8 

99- 

798 

.135 

2.84 

.63 

5.85 

1.02 

8.10 

3.1 

14.1 

.5 

30.6 

53 

67.8 

109 

80.3 

.130 

2.89 

.54 

5.90 

1.04 

8.18 

3.2  , 

14.3 

15. 

Sl.l 

53 

58.4 

126 

89.7 

.185 

2.95 

.55 

5.95 

106 

8.26 

3.3 

14.5 

.5 

31.6 

54 

59.0 

150 

98.8 

.140 

3.00 

.56 

6.00 

1.08 

8.34 

8.4 

14.8 

16. 

63.1 

55 

59.6 

175 

106 

.145 

3.06 

At 

6.06 

1.10 

8.41 

3.6 

15. 

.5 

39.6 

59 

60.0 

290 

114 

.150 

8.11 

M 

6.11 

1.12 

8.49 

3.6 

15.3 

17. 

33.1 

67 

60.6 

995 

190 

.155 

3.16 

.59 

6.17 

1  14 

8.57 

8.7 

15.4 

A 

93.6 

58 

61.1 

250 

198 

.160 

3.21 

.60 

6.22 

1.16 

8.64 

3.8 

15.6 

18. 

34.0 

59 

61.6 

275 

133 

.165 

9.96 

.61 

6.98 

1.18 

8.72 

3.9 

16.8 

.6 

34.6 

m 

62.1 

900 

189 

.170 

8.91 

.69 

6.92 

180 

8.79 

4. 

16.0 

19. 

85.0 

61 

42.7 

950 

150 

.175 

3.86 
3.40 

.63 

6.37 

1.22 

8.87 

.9 

M.4 

.6 

35.4 

62 

6S.2 

409 

160 

.180 

.64 

6.42 

1.24 

8.94 

.4 

16.8 

20. 

35.9 

63 

63.7 

450 

170 

.US 

3.45 

.65 

6.47 

1.26 

9.01 

.6 

17.2 

.5 

36.3 

64 

64.2 

500 

179 

.190 

3.50 

.66 

6.52 

1.28 

9.08 

.8 

17.6 

91. 

98.8 

65 

64.7 

550 

188 

.195 

3.55 

.67 

6.57 

1.30 

9.15 

6. 

17.9 
18.3 

.5 

37.2 

66 

65.2 

600 

197 

.SO 

949 

.68 

6.61 

IJftt 

9.11 

•  .9 

99. 

37.6 

67 

65.7 

700 

212 

.SI 

3.68 

.69 

6.66 

1.34 

9.99 

.4 

18.7 

.6 

98.1 

68 

66.9 

800 

927 

.« 

3.78 

.70 

6.71 

1.36 

9.36 

.6 

19. 

23. 

38,6 

69 

66.7 

900 

Ml 

.29 

3.85 

.71 

6.76 

1.98 

9.43 

.8 

19*3 
197 

.5 

38.9 

70 

67.1 

1000 

954 

.94 

3.93 

.72 

6.81 

1.40 

9.49 

6. 

24. 

99.3 

71 

67.6 

.91 

4.01 

.73 

6.86 

1.49 

9.57 

.9 

90.0 

.5 

39,7 

79 

69.1 

.  .96 

4.09 

.74 

6.91 

1.44 

9.69 

•4 

90.9 

25 

40.1 

33 

68J 

.97 

4.17 

.75 

6.95 

1.46 

9.70 

.6 

20.6 

26 

40.9 

74 

694 

.28 

4.26 

.76 

6.99 

1.48 

9.77 

» 

.8 

20.9 

27 

41.7 

75 

69.5 
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Art*  8.  On  the  flew  of  water 
through  vertical  openings  fur- 
nished with  short  tubes.   When  water 

flovi  from  a  reservoir,  Fig  6,  through  a  vert  partition 

mm  a  a,  the  thickness  a  m  of  which  is  about  i%  or  3  times 

the  least  transverse  dimension  of  the  opening,  (whether 

that  dimension  be  its  breadth,  or  its  height;)  or  when,  if 

the  partition  be  very  thin,  as  n  a,  the  water  flows  through 

a  tube,  as  at  t,  the  length  of  wbleb  is  about  2  or  3  times  its 

least  transverse  dimension,  then  the  effluent  stream  will 

entirely  nil  the  opening,  or  the  tube,  as  shown  in  Pig  6 ;  or, 

In  technical  language,  will  run  with  a  fullJUno;  or  a  full 

•ore;  and  will  dlsah  more  water  in  a  given. time,  than  if 

the  tube  were  either  materially  longer  or  shorter.    For  If 

longer  than  8  times  the  least  transverse  dimension,  the 

flow  will  be  impeded  by  the  increased  friction  against  the 

Sides  of  the  tube ;  and  if  shorter  than  about  twice  the  least 

transverse  dimension,  the  water  will  not  flow  in  a  full  stream,  bat  in  a  contracted  one,  as  shown  by 

Fig  11.  This  will  be  the  ease  whether  the  tube  be  circular,  or  rectilinear,  in  its  cross-section. 

To  find  approximately  the  actual  Tel.  and  diseh  Into  the 
air,  through  a  tnbe,  or  opening,  either  efrenlar  or  recti* 
linear  In  Its  outline,  or  cross-section ;  and  whose  length,  e  i, 
er  e  c,  in  the  direction  of  the  flow,  Is  about  2}£  or  8  times  its 
least  transverse  dimension;  when  the  surface- level,  #,  Fig  S, 
remain*  constantly-  at  the  same  height;  and  which  height 
must  not  be  below  the  upper  edge  of  the  tube*  or  opening. 

Roxm  1.    Take  out  the  theoretical  vel  from  Table  10,  corresponding  to  the  head  measured  eert 

from  the  center  (or  more  properly  •  the  cen  of  grav)  c  of  the  opening,  to  the  level  water  surf  s.  Mult 
it  by  the  ooeff  of  diseh  .61.  The  prod  will  be  the  reqd  vel,  in  ft  per  see.  Unit  this  actual  vel  by  the 
transverse  asea  of  the  opening,  in  sq  ft.  If  circular,  knowing  its  diam,  this  area  will  be  found  in 
Table  3.  The  prod  will  be  the  quantity  of  water  dischd,  in  cub  ft  per  see ;  within,  probably,  8 

or  4  per  cent. 

Bom  3.  Find  the  sq  rt  of  the  bead  in  ft  Molt  this  sq  rt  by  6.5.  The  prod  will  be  the  actual 
vel  in  ft  per  sec 

Ex.  An  opening  c  o ;  or  box-shaped  tube  e  f,  Fig  6,  Is  8  feet  wide,  by  .25  of  a  ft  high ;  and  its  length 
In  the  direction,  ei  or  e  « In  which  the  water  flaws  is  about  M  or  a  ft,  or  about  *H  timeaits  least 
transverse  dimension,  or  its  height.  The  head  from  the  cen  of  grav  e,  of  the  opening,  to  the  oonstaut 
surf-level  s,  is  4  feet.    What  will  be  the  vel  of  the  water;  and  bow  much  will  be  dlsohd  per  sec? 

Bp  Bute  1.   The  theoretical  vel  (Tab)e  10.  )  corresponding  to  a  besd  or  4  ft  is  16  ft  per  sec. 

and  16  X  •€!  ?t  lz.9<  ft  per  see,  the-  actual  vel  read.  Again,  the  transverse  area  of  the  opening,  or  of 
the  tube,  is  3  ft  X  .25  ft = .76  sq  ft.    And  .75  X  12.96 =9.72  cub  ft  j  the  quantity  dlsohd  per  sec 

gvMulmt.  The  sort  of  *Js»»  AndSX&5zl3ftner»ee.»b«t^v*4,Mbef«M;  the  vesjajigbt 
tiff  being  owing  to  the  omission  of  small  deoimajs  in  toe  ooeffa. 

R*m.  1.  If  the  short  tnbe  t  projects  partly  Inside  of  the  vert 
partition  a  n,  the  disch  will  be  diminished  about  %  part.  In  that  caae,  use  .71 
or  .7  instead  of  the  .81  of  Kale  1 ;  or  6.7  instead  of  the  6.5  of  Rule  f. 

Bbm.  2.  When  the  thickness  a  m  or  the  vert  partition  m  m  a  a ;  or  the  length  c  s  of  the  tnbe  t,  Fig 
6.  is  increased  to  about  4  times' the  least  transverse  dimension  of  the  opening ;  or  of  the  diam.  when 
circular :  then  the  additional  friction  against  its  sides  begins  appreciably  to  lessen  the  vel  and  disch. 
In  that  case,  or  for  still  greater  lengths,  up-to  100  (lianas,  they  msy  be  found  approximately,  by  using 
instead  of  the  ooeff  of  diseh  .81  in  Hole  1,  the  following  coeffs,  by  which  to  mult  the  theoretical  vols 
of  Table  10.  Or  use  Bum,  p  248. 

TABLE  11. 


Length  of 
Pipe 

Coeff. 

Length  of 
Pipe 

Coeff. 

in  Diaras. 

in  Diams. 

4 

.80 

40 

.62 

6... 

...  .76 

50.. 

...  .60 

10 

.74 

60 

.67 

It.. 

..!  .71 

70... 

...  .66. 

20 

.69 

80 

.52 

28... 

...  .67 

w»»« 

...  .50 

» 

.66 

100 

.48 

In.  s.  When  the  length  of  the  opening  or  tuba,  in  the  direction  In  which  the  water  flows,  becomes 
Isst  than  aboot  twice  its  least  transverse  dimension,  the  disch  is  diminished ;  so  that  for  lengths  from 
IK  times,  down  to  openings  to  a  very  thin  pmte,  we  may  ase  .61,  instead  of  the  .81  of  Rule  1.  For 
suoh  openings,  however,  see  Arts  •  and  10. 

Rem.  4.  But  on  the  other  hand,  the  disch  through  suoh  short  openings  and  tubes  as  are  shown  in 
Fie  6.  mnv  be  Increased  to  nearly  the  theoretical  ones  of  Table  10,  by  merely  rounding  off  neatlythe 
edges  of  the  entrance  end  or  mouth,  as  In  Fig  7 ;  which  is  the  shape,  and  half  actual  sise  or  one  with 
which  Wetsbach  obtained  Jit  Of  the  theoretical  vel  and  discharge,  when  the  head  was  10  ft;  and  .268 
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with  a  bead  or  one  foot;  to  that  In  i 
In  Rolel. 


i,.9tt,an4.ift6majbe 


instead  of  the 


Flgf.7. 


FJff.8. 


Flff.9. 


X  -■ 


Ftp.  10. 


As  much  aa  .92  to  .94  may  be  obtained  by  widening  tbe  opening,  m  n,  toward  tti  outer  month,  o  *. 
Pig,  8,  making  tbe  divergence,  or  angle  a.  about  5° :  or  by  wideuing  it  toward  its  inner  month,  at  at 
t  c,  Pig  9 ;  but  Increasing  the  angle  of  dlvergeuoe,  at  ft.  to  rrom  11°  to  10°.  In  all  eases,  we  consider 
the  small  end  as  being  the  opening  whose  area  must  be  multiplied  by  tbe  vel  to  get  the  discharge. 

lit  some  experiments  made  with  large  pyramidal  wooden 
troughs  9.5  ft  long,  with  an  inner  mouth  of  3.2  X  2.4  ft,  and  a  discharging  one 
of  .62  X  .**  ft;  and  under  a  head  of  9X  feet,  the  discbarge  >u  .98  of  the  theoretical  one,  due  to  the 
smaller  end.   .Therefore,  .98  may  be  used  in  such  oases','  instead  of  (fie  .81  of  Hole  1. 

Rtu.  ft.  By  using  an  adjutage  shaped  aft  In  Pig  19,  the  discharge  may  he  lnereatedfto  several 
time*  that  due  to  the  head  above  the  eenter  o/grsvitf  •  of  the  orifloe  mn :  because  In  saoh  oases,  a* 
explained  in  avt  1  «J,p  9*9,  the  true  head  at  a,  or  Utahead  causing -the  rapid  flew  through  the  nar- 
rowest portion  mn.  may  be  mooh 
greater  than  the  head  above  s. 

In  188>,  Mr.  Clemens  Herschel,  C.  K. 
(Transactions,  Ameriean  Society  of 
Uivil  Rngineers,  Nov.  1888)  experimented 
nt  Holyoke,  Mass.  upon  the  flow  in  a  pine 
1  foot  diameter  and  tn  a  boiler  iron 
trunk  about  9  feet  diameter,  these  diam- 
eters being  reduced,  by  apparatus  shaped 
somewhat  like  Fig  10,  to  about  H  foot 
and  8  feet  respectively  at  mn.  The 
discharge  was  under  water.  Mr.  Hersohel  finds  that  when  the  velocity  through  the  narrowest  por- 
tion mn  exceeds  say  10  feet  per  second,  it  Is  very  nearly  equal  to  that  (t>=  yWgTt)  theoretically  due 
to  the  true  head  h ;  tbe  coefficient  varying  nay  from  0.96  to  1.00,  with  ordinarily  good  construction ; 
showing  that  for  snob  velocities  an  apparatus  of  this  kind  (which  heealtea  Veil  tart  meter) 
may  be  very  useful  for  measuring  tbe  discbarge  through  pipes. 

Art.  s>.  On  the  dlseh  of  water  through  openings  In  thin 
vert  partitions,  with  plane  or  flat  faees,  e«,orn  n,  Fig  11*   If  the 

-  fase  ««,  ornn.  iawtuad  of  being  plane,  and  vert,  sfioald  beeurred, 
or  inclining  in  diff  directions  toward  the  opening,  then  the  dfcwh 
will  be  altered.  V7heu  water  flows  rrom  a  reservoir.  Fig  11,  through 
a  vert  plane  plate  or  partition  n  n,  which  is  not  thicker  than  about 
tbe  least  transverse  dimension  of  the  opening. whether  thatdimenaion 
be  its  breadth,  or  its  height  o  o;  t  or  when,  if  the  partition  <«  Itself 
is  much  thicker,  we  give  the  opeulng  the  shape  shown  at  6,  (which 
evidently  amounts  to  the  same  thing,)  then  the  effluent  stream  will 
not  pass  out  with  nfuUJlow,  as  in  Fig  6.  but  will  assume  the  shape 


shown  In  Pig  11 ;  forming,  just  outside  of  the  opening,  what  Is 

called  the  vena  eowtracfcs,  or  contracted  vein.    In  order  that  this 

contraction  may  take  plaoe  to  its  fullest  extent,  or  become  complete, 

the  Inner  sharp  edges  or  the  opening  must  not  approach  either  the 

■■■*  of  *°«  water,  or  the  bottom  or  sides  of  the  reservoir,  nearer 

Fig.  11.  *h*n  *bot,t  JH  times  the  least  transverse  dimension  of  tbe  opening. 

Tbe  contracted  vein  occurs  at  a  dtst  or  about  hair  the  smallest  di- 

.   w    iu  .....    *.       «.  mensionof 'the  orifice,  from  the  orifice  Itseir.    In  a  circular  ortfioe, 

at  about  hair  the  dtam  dtstt  and  ordinarily  its  area  is  about  .62.  or  nearly  %  that  of  tbe  orifloe  itsd£. 

At  this  point  the  actual  mean  vel  of  the  stream  is  very  nearly  (about  .9T)  the  theoretical  vel  given  by 

Table  10,  and  hence  the  actual  ditch*  are  but  .62,  or  nearly  H  of  the  theoretical  ones. 

fast  1.    To  And  the  actual  dlseh  Into  air,t  through  either  a 
circular  or  rectilinear?  opening;  In  a  thin  vert  plane  parti- 


Fig-  12. 


•  We  believe  that  these  rules  for  thin  plate  are  also  sufflotentlv  approximate 
Tor  most  practical  purposes;  ir  the  opening  be  in  the  bottom  or  the  reservoir; 
or  in  an  inclined.  Instead  of  a  vert  side. 

t  When  tbe  side  or  a  reservoir,  or  tbe  edge  of  a  plank,  fte,  over  which  water 
flows,  has  no  greater  thlekness  than  this,  the  water  is  said  to  flow  through, 

or  over,  thin  plate,  or  thin  partition. 

t  Should  the  dlseh  take  plane  under  wafer,  as  in  Fig  13.  both  eurf-leveU  re- 
maining eonetmnt.  then  the  head  to  be  used  is  the  vert  dig  ••,  of  the  twe 
levels.  After  making  the  oalanlation  with  this  head,  we  should,  aoeordlag  ts 
Welsbaeh,  deduct  the  y1^  part;  inasmuch  as  he  states  that  the  dlseh  1s  that 
much  less  when  under  water,  than  when  It  taken  plaoe  freely  into  the  air, 
Other  experimenters,  however,  assort  that  it  is  precisely  the  same  in  both  o 

§  If  the  shape  or  the  opening  is  oval,  triangular,  or  irregular,  the 
most  be  measured  vert  rrom  Its  oen  or  grav. 
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ttosu  when  the  contraction  Is  complete  ;  and  wben  the  snrf- 
level,  *,  renalan  constantly  at  the  name  height;  water  feeing; 
supplied  to  the  reservoir  as  fast  as  it  ram  oat  at  tiro  open- 
Ins;.*  "\ 

Holm  1.  When  the  head,  measured  vert  from  the  oenter  (or  rather  from  the  oen  of  gray)  e,  of  the 
opening,  to  the  aurMevel  «  or  the  reservoir,  ia  not  leas  than  1  ft.  nor  more  than  10  ft;  and  when  the 
least  traaaverse  dimension  of  the  opening  is  not  less  than  an  inch,  mult  the  theoretical  vel  in  ft  per 
tee  dne  to  the  head,  (Table  10,  )  bj  the  ooeffieieut  of  disch  .62.    The  prod  will  be  the  actual 

mean  vel  of  the  water  through  the  opening.  Malt  this  vel  bj  the  area  or  the  opening  in  sq  ft;  the 
prod  will  be  the  disch  in  cub  ft  per  see,  approximately. 

When  the  head  is  greater  than  10  ft,  use  .6,  instead  of  .62. 

Rvlb  2.  Find  the  sq  rt  of  the  bead  in  ft.  Mult  this  sq  rt  by  5 ;  the  prod  will  be  the  vel  hi  ft  per 
see ;  which,  mult  by  the  area  as  before  for  the  disoh. 

Ex.  What  will  be  the  disch  through  an  openiog  in  complete  contraction,  whose  dimensions  are  6 
las,  or  .5  ft  vert ;  and  4  ft  box ;  the  vert  head  above  the  een  or  grav  of  the  opening  being  constantly 
•  feett 

Bf  Bute  1.   The  theoretical  vel  (Table  10,  )  corresponding  to  6  ft  head,  is  19.7  ft  per  see.  And 

19.7  X  .62  =  12.214  ft,  the  reqd  vel.  Again,  the  area  of  the  opening  =  .5X4  =  2sqft;  and  12.214  X 
2  =■  24.428  oub  ft  per  see;  the  disch. 

By  RuWL  The  sq  rt  of  6  =  2.45 ;  and  2.45  X  5  =  12.25  ft  per  sec,  the  reqd  vel;  and  12.25  X  2  = 
243  cub  ft  per  sec,  the  disch. 

Beth  very  approx  even  If  the  orlllee  reaches  to  the  surface  of  the  Issuing  water. 

Bern.  1.  The  eoef  .62  Is  a  mean  of  results  of  many  old  experimenters. 
Ia  1874  Oeal.  T.  G.  Bills  of  Massachusetts  conducted  an  elaborate  series  (Trans  Am  See  G  E,  Feb 
1876)  on  a  large  scale,  the  general  results  of  which,  within  less  than  1  per  ct,  are  given  in  the  follow* 
lag  table.    See  also  Rem  3.    The  sharp  edged  orifices  were  in  iron  plates  .26  to  A  tneh  thick. 


Orlllee. 

Head  above  Center. 

Coef. 

2ftsq. 

2.    to    3.5  ft. 

.60  to  .61 

2"  long,  1  ft  high 

1.8  to  11.3  " 

.60  to  .61 ' 

2  "  long,  .5  high 

1.4  to  17.0  " 

.61  to  .60 

2  "  diam. 

1.8  to   9.6" 

.89  to  .61 

Rem.  2.    Extreme  care  is  reqd  to  obtain  correct  results ;  but  for  many 

purposes  of  the  engineer  an  error  of  5  to  10  per  ct  is  unimportant.     . 

It  will  rarely  happen  that  greater  accuracy  is  required  than  may  be  obtained  by  the  foregoing 
rales;  but  when  such  does  occur,  aid  may  be  derived  from  the  following    table   deduced 

front  the  experiments  of  Lesbros  and  Poneelet,  on  openings  8  ins 

wide,  of  df  ff  heights,  and  with  diff  bead*.  Use  that  coeff  in  the  table  which  applies  to  the  case,  In- 
stead  of  the  .62  of  Knle  1.  In  some  of  the  cases  in  this  table,  the  upper  edge  of  the  opening  is 
■earer  the  surf-level  of  the  reservoir  than  1H  times  its  least  transverse  dimension. 

TABLE  12.     Coefficients  for  rectangular  openings  In  thin 
vertical  partitions  In  fnll  contraction.* 


Head 

Head 

The  breadth  in  all  the  openings  —  8  inches. 

above  een. 
of  grav.  ef 

above een. 
of  grav.  of 

HEIGHT  07  OPENING. 

opening 

opening 

Ins. 

Ins. 

Ins.    1    Ins. 
4       |       3 

Ins. 

Ins. 

IM. 

in  Feet. 

in  Inches. 

8 

6  „ 

2 

1 

.083 

.4 
.8 
1 

1« 
2 

.70 

.65 
.64 
.64 

.69 

.0633 

.68 

.125 

.61 

.68 

.60 

.62 

.64 

.68 

.2063 

s 

.59 

.61 

.62 

.64 

.67 

.250 

.60 

.61 

.62 

.64 

.67 

.2917 

9H 

.67 

.60 

.61 

.62 

.64 

<66 

.3333 

4 

.58 

.60 

.61 

.63 

.64 

.66 

.3750 

*« 

.56 

.59 

.60 

.61 

.63 

.64 

.66 

.4167 

5 

.57 

.59 

.61 

.62 

.63 

.64 

.66 

.6606 

8 

.59 

.60 

.61 

.62 

.63 

.64 

.65 

1  N 

12 

.60 

.60 

.61 

.62 

.63 

.63 

M 

S 

36 

.60 

.60 

.N 

.62 

M 

.63 

.63 

6 

60 

.60 

.60 

.61 

.61 

.62 

.62 

.62 

M 

120 

.60 

.60 

.60 

.60 

.60 

.61 

.61 

Rim.  3.  Careful  experiments  on  openings  4%  ft  wide,  and  la 
Ins  hlfrh,  under  heads  of  from  6  to  15  ft,  show  that  the  coeff  .62  will  give  results 
correct  within  JL  part,  for  openings  of  that  sise  also,  under  large  heads ;  although  the  thickness  of 

ttie  partition  varied  on  its  diff  sides,  from  12  to  20  Ins.    Tt  must  be  recollected,  however,  that  nothing 
more  than  close  approximation*  are  to  be  attained  in  such  matters. 

Rem.  4.  It  has  been  asserted  by  some  writers,  that  when  two  or  more 
eonHgwms  openings  are  discharging  at  the  same  time  from  the  same  reser- 
voir, they  disch  less  fn  proportion  than  wben  only  one  of  them  is  open.  Other  experiments,  bow- 
ever,  seem  to  ekow  that  this  ia  not  the  oase;  it  is  therefore  probaMe,  at  least,  that  the  diff,  if  any, 
is  but  trifling.    See  Art  1  N,  p.  239. 


•  See  first  footnote  on  preceding  paga. 
18 
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One  2.  Til*  discharge  t broach  thin  vert  partitions  in  eon. 
plete  contraction,  when  the  surface-lev  el,  m»,  Fife-  18,  descends 
as  4he  water  flewit  out  Into  the  air*    In  this  oase,  if  the  reservoir  in 

prismatic,  that  U,  if  its  hor  aeotioua  are  everywhere  equal ;  and  if  uo  water  ta  tlowiug  into  the  reser- 
voir, to  supply  the  placj  of  that  whioh  Hows  out,  then,  to  find  the  time  reqd  to  diaoh  the  reservoir. 

Bulb.  Inasmuch  aa  the  time  in  whioh  inch  a  reaervoir  entirely  dischargee  itaelf,  la  twice  that  In 
whioh  the  aame  quantity  would  Sow  out  under  a  oonataut  head,  aa  in  Caae  1,  therefore,  cal- 

culate the  diaoh  in  eub  ft  per  aee  by  Rule  1,  Art » ;  div  the  number  of  cub  ft  con- 
tained in  the  reaervoir,  above  the  level  g  of  the  bottom  of  the  opening,  Fig  13,  by 
thla  diacb ;  the  quot  will  be  the  number  of  see  in  whieh  a  volume  equal  to  that  in 
the  reaervoir,  to  the  depth  o,  would  run  out  in  Oaae  1,  of  a  constant  head.  And 
twice  taia  number  will  be  the  aeoonda  reqd  to  empty  the  reaervoir  in  Caae  z,  of  a 
varying  head. 

Rkm.  If  it  ahould  be  reqd  to  find  the  time  in  whieh  aueb  a  priamatlo  reaervoir 
would  partly  empty  itaelf,  aa,  for  inatanoe.  from  »  to  n,  Fig  13,  flrat  calculate,  by 
the  above  rule,  the  aeoa  neceaaary  to  empty  it  if  it  had  only  been  filled  to  n ;  and 
afterward  oaloulate  aa  If  it  had  been  filled  to  m.  The  diff  between  the  two  tltue* 
will  evidently  be  the  time  reqd  to  empty  It  from  *»  to  *.  If  the  opening  ia  not  iu 
complete  coutraetion,  aee  Arts  11,  Ac. 

If  the  disch  Is  into  a  lower  reservoir,  whose 
snrf-level  remains  constant,  proceed  in  the  same  manner; 

only  nae  the  din"  of  level  of  the  two  aurfa  aa  the  head,  and  afterward  (according 
to  Weiebaoh)  Inoreaae  the  time  Jjr  part. 

Art.  10.  Disch  from  a  reservoir  R,  FJjr  14,  the  surf-level,  «, 
of  which  remains  constantly  at  the  same  height;  through 
an  open  ins;,  o,  in  thin  vert  partition ;  and  in  complete  con- 
traction; but  entirely  under  water;  and  into  a  prisma  tie 
reservoir,  m. 

Seconds  required 

to  discharge  a  quantity  =r 
eda,  the  level  e  remaining 
eonetant. 


Fig.  13. 


-/height  a  e  v  hor  area  of 
—  in  ft       *  m  In  aq  ft 

itnaSft^X^XaW 


Seconds  required 

to  raiee  level  iu  m  from  e  to  a 


Seconds  required 

to  raiee  level  in  m  from  e  to 
any  other  level,  d. 


±/ height  aov  hor  area  of  w  « 
_  in  ft       *  m  in  »q  ft    x  * 

~~         area  of  opening 


oinaqft 


X  62  X  8.9 


(Va~e  -Ya~d\  X  bor  "^V 
_   V      both  In  ft/  * -in  lift 


Area  of  opening 
o  in  so,  ft 


X  -«2  X  8.01 


Rem.  1.  If  It  should  be  reqd  to  find  the  time  of  filling  m,  frtxyi 
Its  bottom  e,  up  tod.  we  may  do  ho  very  approximately  by  calculating  dj 
the  first  rule  in  Art  9.  the  time  reqd  from  *  to  the  center  or  the  opening  «,  aa  if  all  that  portion  of 
the  disch  took  place  into  air;  and  afterward,  from  the  center  of  the  opening  to  d,  by  the  rule  joat 

1;iven.    This  ca*e  is  similar  to  that  of  filling  a  look  from  the  canal  reach  above,  in  whioh  the  aurf- 
evel  may  be  onusidered  constant. 

Rem.  2.  If  the  bottom  of  the  opening  o.  should  coincide  with 
the  bottom  of  the  reservoir,  then  the  coeff  will  become  greater  than  .62. 
See  Art  11,  for  obtaining  ooeffe  for  imperfect  contraction. 

Rem.  3.  If  the  opening,  Instead  of  being  in  complete  con- 
traction, is  of  any  of  the  shapes  Figs  6  to  9,  then  a  reference  to  Art  8  will  show 
what  ooeff  most  be  substituted  for  .62. 

Que  3.  Disch  from  one  prismatic  reservoir.  Fig  15,  W,  into 
another,  X,  of  any  comparative  slses  whatever,  through  an 
opening  o,  in  a  plane  thin  vert  partition,  and  in  complete 
contraction;  when  the  water  rises  In  X,  while  It  falls  in  W. 

To  find  the  time  in  which  the  water,  flowing  from  W  intoX,  through 
e,  will  fall  through  the  diet  a  a,  to  at  to  land  at  the  tame  level  *e,in 
both  reaervoir*. 

In  thia  oaae,  the  water  reqd  to  fill  X  from  e  to  d,  (d  being  the  bottom 
of  the  opening  o.)  flow*  out  Into  the  air ;  and  the  time  neceaaary  for  it 
to  do  so,' must  be  calculated  separately  from  that  reqd  above  4,  whieh 
flowa  into  water. 

Rulk.  First  from  e  to  <f.  Find  the  hor  area  of  each  reaervoir.  in 
aq  ft.  Mult  the  hor  area  of  X,  by  the  vert  depth  de  In  ft,  for  the  cub 
ft  contained  in  that  portion.  Div  theae  oub  ft  by  the  hor  area  of  W. 
The  quot  will  be  the  dist  a  m,  la  feet,  through  whieh  the  water  in  W 
maat  descend,  in  order  to  fill  X  to  d. 


Fig.  15. 
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Seconds  required 

to  lower  from  m  to  «,  and  raise 
from  4  to  c.    (Very  apprex) 


Hnr  area  of  v  twice  Ihe  hof  area  v 
Xinsqft   x      of  W  in  sq  ft      * 


~/heads»» 
v       in  ft 


Area  of 
opening 
einsqft 


(bor  area 
of  W 
in  sq  ft 


hor  area 

+    erx 

in  aq 


") 

ft/. 


X .«  X  8.Q» 


Ex.  Let  the  nor  area  of  W  be  100  aq  ft:  and  that  of  X,  60  sq  ft.  Let  an  be  20ft;  and  mn  16  ft; 
and  the  area  of  the  opening  o,  S  sq  ft.    In  what  time  will  the  water  deaoeud  from  a  to  a,  and  rite 

from  e  to  e? 

Inasmuch  as  the  method  of  finding  the  time  for  filling  from  « to  d,  by  the  water  falling  from  a  to 
«,  requires  no  further  exemplification,  we  will  confine  ourselves  to  tbe  additional  4ime  necessary  for 
filling  from  d  to  e,  by  the  water  falling  from  m  to  •.    To  find  this,  we  have,  the  sq  rt  of  the  head 

»»  =  4ft;  and  the  sum  of  the  2  areas= 100+60  =160.    Hence,  ynxiMx9tXM  ™  JtftTfft" 

90.1  see;  the  additional  time  reqd,  very  approximately. 


Mors  1.   IT  the  opening-,  as  «%  Fig  16,  reaches 
ts>  the  very  bottom  of  the  reservoirs,  we  may 

consider  *U  the  wat»f  flowing  from  ft  into  T,  as  flowing  into  water. 
Therefore,  using  the  head  am,  we  at  once  calculate  the  time  Bece&aary 
for  the  water  in  the  two  reservoirs  to  arrive  at  the  same  level  <  c",  by 
tbe  last  process  of  the  preceding  role;  or,  in  other  words,  by  the  pro* 
eess  given  in  the  preceding  example.  But  in  this  case  it  must  be  borne 
in  m""»  that  the  opening  o  is  no  longer  In  complete  contraction,  inas- 
much as  the  contraction  along  Its  lower  edge  is  suppressed. 

The  diaeh  will  consequently  be  somewhat  increased ;  and  a  ooeff 
greater  than  .62  becomes  necessary.    The  method  or  fluding  thin,  is 

ere»  in  the  fallowing  Case  4.    A  reference  to  Art  8  will  give  the  ooeff 
ease  tbe  opening  is  shaped  as  Figs  6  to  9. 


Fig.  16. 


Art.  11.    OauA.   The  discharge  tbrengh  openings  in  pi 
thin  vert  partitions;  but  in  incomplete  eontractioi 

The  opening  may  be  such  that  contraction  will  take  place 
along  one  portion  of  Its  perimeter,  or  at  the  top  of  the  open- 
ing <L  Fig  17  ;  while  it  is  suppressed  on  another  portion ;  as 
at  the  bottom  and  two  ends  of  the  opeuing  a;  where  suppres- 
sion is  eansed  by  the  addition  of  short  side  and  bottom  pieces 
e.  s,  e.  Or  it  may  be  caused  by  the  bottom,  or  ends,  or  both, 
coinciding  with  the  bottom  and  sides  or  tbe  reservoir.  In 
seen  cases  the  diaeh  will  be  greater  than  in  those  of  complete 
contraction j  but  less  than  in  those  of  full  flow ;  inasmuch  aa 
tbe  opening  now  partakes  somewhat  of  the  character  of  the 
•Aort  tubes  of  Art  8;  and  the  ooeff  will  rise  from  .62,  or  that 
which  usually  pertains  to  openings  In  full  contraction  ;  and 
will  approach  .8,  or  that  of  full  flow,  in  proportion  to  tbe  ex- 
tent or  perimeter  along  which  contraction  is  suppressed ;  or 
even  to  .9  or  .96  by  the  use  of  such  openings  as  are  shown  by  Yltt.  17. 

Figs  7,  8. 9. 

To  find  approximately  a  new  coetT  of  diseh  $  and  the  diseh 
Itself, ln  cases  of  incomplete  contraction. 

Bulb.  First  find  by  the  foregoing  rules,  what  would  be  tbe  disch  in  the  particular  oase  that  may 
be  under  consideration,  supposing  the  contraction  to  be  complete.  Then  div  that  portion  of  the 
nerimeter  of  the  opening  on  which  contraction  is  suppressed,  by  tbe  entire  perimeter.  Unit  the  auot 
by  the  dee  .162  if  the  opening  is  rectangular,  or  by  .128  if  circular.  To  tbe  prod  add  unity,  or  1.  Call 
the  sum,  e.  Then  say,  as  unity,  or  1,  is  to  a,  so  is  the  coeff  for  oomplete  contraction  in  ordinary  cases 
(asually  .62)  to  the  reqd  new  ooeff.  Finally,  repeat  the  original  calculation,  only  substituting  this  new 
ooeff  in  the  place  of  .62.  ... 

According  to  this  rule,  we  have  tbe  following  ooeff  or  discharge  for  rectangular  openings  within  pro- 
bably 3  or  4  per  cent  when  contraction  is  not  suppressed  on  more  than  %  of  the  perimeter.  The  theo- 
retical disohergeunultlplied  by  the  corresponding  ooeff  will  give  the  actual  discharge.  When  tbe  con- 
traction is  carried  farther,  tbe  coeff  becomes  extremely  irregular,  and  is  probably  indeterminable. 

For  compute  contraction  (ordinarily) 62 

When  contraction  in  suppressed  on  %  tkr  perimeter 64 

•<      ••    ••     ••    ••  ^  ••     •• 67 

••      «•    «•     ••     ••  a|  ••     •• 69 

».         *     ••  ••  ••  entirely  around  the.  orifice ..80 

Intermediate  ones  can  be  estimated  nearly  enough,  mentally . 

Rem.  I.    When,  Instead  of  a  short  spont,  as  in  Fig  17,  the 
evening  is  provided  with  an  indefinitely  long  hor  trough, 

ttJjuirly  attached,  and  open  at  top,  there  will  be  no  practically  appreciable  diminution  of  disch  below 
that  through  the  simple  opening  as  at  a,  Fig  11 ;  provided  the  head  measured  above  the  oen  of  grav 
•r  the  ooening  be  at  least  as  great  as  2  or  2J*  times  the  height  of  the  opening  itself.  Therefore,  under 
aooh  cireumstenoes  the  diseh  may  be  oaloulated  by  the  rules  in  Art  9.  Bnt  with  smaller  heads  tbe 
dlseh  diminishes  oonsiderably ;  so  when  the  head  above  the  center  beoomes  but  as  great  as  the  height 
of  the  opening,  It  will  be  but  about  4  of  the  calculated  one.  With  still  smaller  heads,  the  flow 
becomes  lees  much  more  rapidly ;  but  has  not  been  reduced  to  any  rule. 

2.    If,  Instead  of  being  hor,  the  trough  is  IHCUNED 
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as  ranch  as  1  In  10,  the  clinch  will  be  increased  very  slightly,  (some  8  or  4  per 

oent)  over  that  calculated  bj  the  rules  in  Art  9,  for  the  plain  opening.    These  results  -were;  nhtsini  it 
by  experiments  on  a  very  small  scale ;  and  should  be  considered  as  mere  approximations. 

Art.  19.  In  a  ease  like  Fig  18,  where  contraction  Is  supposed 
to  he  suppressed  at  the  bottom,  and  at  both  vert  sides  of  the 

opening*  o,  in  coneequence  of  their  coinciding 
with  the  bottom  aud  sides  of  the  reservoir;  but  where  the 
front  of  the  reservoir,  iustead  of  being  vert,  is  sloped  as  at/; 
mad  when  the  water,  after  Waving  the  opening,  flows  away 
over  a  slightly  sloping  apron,  g,  then  the  disco  in  oub  ft  per 
seo  may  be  approximately  found  by  Rule  1,  Case  1,  Art  9, 
only  substituting  .8  in  place  of  .62,  when  /  slopes  back  46°, 
or  1  to  1 5  or  .74  when  /  slopes  back  63°,  or  with  a  base  of  1 
to  a  rise  of  2.  In  suoh  oases  of  inclined  fronts,  the  height  of 
the  opening  must  bo  measured  vert,  or  rather  a*  right  an§ie» 
to  the  floor  o/  (Ac  rutrvoir;  and  act  ia  a  line  with  toe 
sloping  front. 

Rem.  When  the  front,  /,  of  the  reservoir  is  vert,  and  a  sloping 
apron  or  trough,  flf,  is  used,  having  its  upper  edge  level  with  the  bottom 
of  the  opening,  the  disoh  is  not  appreciably  diminished  below  that  which  takes  place  freely  into  the 
sir,  provided  the  head  above  the  oen  of  grav  of  the  opening  is  not  less  than  from 

18  to  t\  ins,  for  an  opening  6  to  9  ins  high. 
12  to  16  "      "    "       **       4  ins  high. 

9         «    **       «       %  ins  or  less,  high. 

Art.  13.  To  And.  approximately,  the  time  read  for  the  emp- 
tying of  a  pond,  or  any  other  reservoir,  as  Vis;  19,  which  is 


of  a  prismatic  shape;  through  an  opening,  n,  near  the 
bottom. 

Bulb.  First  ascertain  the  exact  shape  and  dimensions 
of  the  reservoir.  If  large,  aud  irregular.  It  must  be  care- 
fully surveyed ;  and  souudiug*  takou,  aud  figured  upon  a 
correct  plan  and  crosa-sectious.  Next,  consider  the  entire 
body  of  water  to  be  divided  tato  a  series  of  thin  nor  strata. 
A,  8,  C,  D ;  the  top  Hue  of  the  lower  one  being  at  least  a 
few  ins  above  the  top  of  the  opening  n.  It  is  not  necessary 
f.         _         -    —  --  that  these  strata  should  be  or  egual  thickness;  although 

jHq   flJJ  ^^"*" —     *ne  ^toner  ^ej  are'  *nft  ""ore  correct  will  the  result  be. 

^J  The  depth  of  the  lower  one,  D,  will  vary  to  some  extent 

with  the  height  of  the  opening ;  those  next  above  it  should 
not  exceed  about  a  foot  in  thiokness,  until  a  depth  of  6  or  8  feet  is  reaehed ;  then  tbey  may  conve- 
niently, and  with  sufficient  accuracy,  be  increased  to  about  21  ft,  for  6  or  8  ft  more ;  and  so  on ;  be- 
coming thicker  as  they  approach  the  surf.  By  aid  of  the  drawings,  calculate  the  content  of  each 
stratum  in  cub  ft.  Now,  sinoe  the  strata  are  thin,  we  may,  without  serious  error,  assume  each  of 
them  to  be  prismatic,  as  shown  by  the  dotted  lines ;  and  may  assume  that  the  head  under  which  each 
stratum  (except  the  lowest)  empties  Itself  through  n,  is  equal  to  the  vert  height  from  the  center  of 
the  opening  to  the  center  of  the  stratum.  Thus,  m  n  will  be  the  head  of  A ;  ton.  the  head  of  B  ;  xn, 
t#n;  heafl'orC.  Ttoet.'for  the  stratum  A.  *y  Kale  I,  Art 9,  (only  usles/m*  as  the  bead  instead  of  o*t,) 
and  instead  of  the  ooeff  .62  of  that  rule  (wbioh<ean  only  be  used  if  n  Is  in  complete  contraction)  using; 
.6*,  or  whatever  other  coeff  near  the  end  of  Art  11  applies  to  the  case,  calculate  the  disch  in  cub  ft 
per  seo.  Div  the  content  of  the  stratum  A  by  this  disch,  and  the  quot  will  be  the  number  of  seo  read 
for  discharging  A.  Using  the  bead  ton,  proceed  in  precisely  the  same  way  with  the  stratum  B ;  and 
using  the  head  x  h,  do  the  same  with  G.  Finally,  for  the  lower  stratum  D.  And  by  Rule  1,  Art  9;  (with 
the  same  caution  as  before  respecting  the  proper  coeff,)  in  what  time  it  would  empty  Itself  nnder  a 
constant  head  eqhal  to  y  n,  measured  from  its  surf  to  the  center  of  the  opening.  DtmbU  this  time  will 
he  that  reqrl  to  empty  itself  in  the  case  before  us,  under  its  varying  head.  Finally,  add  together  all 
these  separate  times ;  and  their  sum  will  be  the  entire  time  reqd  to  empty  the  pond,  or  reservoir,  ap* 
proximately  enough  fur  practical  purposes. 
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Art.  14  («).  On  the  discharge  of  water  over  wef  r»  or  over* 
falls.  The  weir  affords  a  very  convenient  means  for  gauging  the  flow  of  suial] 
streams,  for  measuring  the  quantity  of  water  supplied  to  water-wheels,  etc. 

(o)  A  measuring  weir  is  always  arranged  with  its  back,  or  up-stream  side,  a  6, 
Fig.  20,  vertical,  and  as  nearly  as  may  be  at  right  angles  to  the  direction  of  flow 
of  the  stream.  The  ends,  ah,  ah,  Figs.  21  and  22,  are  vertical,  and  the  crest  a  a 
to  horizontal.    (But  see  triangular  notches,  p.  267  j.) 

(c)  End  contractions.  When  the  weir  a  a  extends  entirely  across  the 
channel  of  approach,  as  in  Pig.  21,  so  that  its  ends  ah,  ah  coincide  with,  or  form 
portions  of,  the  sides  ss  of  the  channel,  contraction  (Art.  a,  p.  260)  takes  place 
only  on  the  top  and  bottom  of  the  sheet  of  water  passing  over  the  weir,  as  at 
m  e  and  at  a,  Fig.  20,  and  is  entirely  u  suppressed  "  at  the  ends,  so  that  the  water 
flows  out  as  shown  in  Fig.  21  a.  Such  a  weir  is  called  a  suppressed  weir, 
or  a  wei  r  without  end  eon  traction.    But  when,  as  in  Figs.  22  and  22  a, 


-Flg.llO  "Wg,  21*  "* "» 

the  ends  ah,  ah  are  at  a  distance  from  the  sides  *  *  of  the  channel  or  reservoir, 
contraction  takes  place  at  the  ends  of  the  weir,  as  shown  at  a  and  a,  as  well  as 
over  the  crest  Such  contraction  diminishes  the  discharge.  A  weir  of  this  kind 
is  called  a  weir  with  end  contractions.     See  Rem  3,  page  267.;. 

Other  things  being  equal,  the  extent  of  the  contraction,  and  its  effect  upon  the 
discharge,  increase  with  the  head  H.  When  the  length  a  a  or  L  of  the  weir  ex- 
ceeds about  10  times  the  head  H,  the  effect  of  the  end  contractions  upon  the  dis- 
charge Is  nearly  imperceptible ;  but  as  the  length  diminishes  in  proportion  to 
the  head,  the  effect  of  the  contraction  increases  rapidly.  Mr.  Francis  (Art.  14  m) 
found  that  when  L  =  only  4  X  H,  the  discharge  was  reduced  6  per  cent,  by  com- 
plete end  contractions.  In  view  of  the  uncertainty  as  to  the  effect  of  end  con- 
tractions, it  is  better  to  avoid  them  and  to  use  weirs,  like  Fig.  21,  where  the  con- 
traction is  suppressed ;  but  if  end  contraction  is  permitted  at  all,  it  must  be  made 
otmpUUf*  for  the  ooemctents  given  do  not  apply  to  cases  of  incomplete 
contraction,  i.  c,  with  contraction  only  partly  suppressed. 

(«f)  In  a  weir  without  end  contraction,  care  must  betaken  that  the 
air  has  free  access  to  the  space  (tr,  Fig.  20,  or  22  6)  behind  the 
falling  sheet  of  water.  Otherwise  a  partial  vacuum  forms  there, 
the  sheet  is  drawn  inward  toward  the  weir,  and  the  discharge 
is  greatly  modified.  At  the  same  time,  the  sheet  should  be  pre- 
vented from  expanding  laterally  as  it  leaves  the  crest.  Both  of 
these  objects  may  be  attained*  by  prolonging  the  upper  portion 
only  of  both  sides  of  the  channel  a  little  way  down-stream 
beyond  the  crest  and  the  upper  part  of  the  falling  sheet,  as  in 
Fig.  22  b.  Mr.  Francis  found  that  such  projections,  by  confining  IrIg.Z2p 
the  sheet  laterally,  diminished  the  discharge  about  0.4  per  cent. 

(e)  Ordinarily  the  crest  is  "  in  thin  plate  "  or  "  in  thin  partition  "  (see  foot* 
note  f,  p.  260),  so  that  the  sheet  passing  over  the  weir  touches  it  only  at  the  very 
corner,  a,  Fig.  20.  A  rowuled  corner  increases  the  discharge,  as  does  the  round- 
ing of  the  edges  of  an  orifice  (Art.  8,  p.  260),  and  a  crest  sufficiently  wide  to  de- 
flect the  falling  sheet  diminishes  the  discharge  (see  coefficients  for  this  case  in 
Table  14,  p.  267  e),  but  both  forms  introduce  much  uncertainty,  and  should  there- 
fore be  avoided. 

*  The  contraction  is  said  to  be  "  complete "  when  it  is  practically  as  great  as  it 
could  be  made  by  any  further  increase  of  the  distance  a  «,  Figs.  22  and  22  a ;  and  this 
is  believed  to  be  attained  when  a  $  is  made  equal  to  the  head  H. 
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(/)  The  length  I»  of  the  crest*  Figs.  21  to  22a,  should  be  ai  least  three 
times  the  head  H,  in  order  to  reduce  the  effect  of  friction  of  the  sides  $$  and 
that  of  end  contractions  wbere  such  exist.  The  height  js  Fig.  20,  of  the 
vertical  back  a  b  in  contact  with  the  water  should  be  not  less  than  twice  the 
head  H ;  for,  in  order  to  reduce  the  velocity  of  approach  (see  Art.  14  «),  the 
cross-section  of  the  channel  leading  to  the  weir  should  be  large  in  propor- 
tion to  that  of  the  stream  a  c.  The  cross-section  of  the  channel  of  approach 
should  be  as  regular  as  possible. 

(g)  The  weir  should  be  stoutly  built,  as  vibrations  of  the  structure  may 
seriously  modify  the  discharge.    See  designs  for  measuring  weirs,  p.  286. 

(h)  Theoretically,  the  head  is  the  vertical  distance  H\  Fig.  24,  p.  267  g,  from  the 
crest  a  to  a  point  </  where  the  water  is  perfectly  stilly  and  the  surface  therefore 
horizontal.  But  in  fact  the  head  is  usually  measured  from  the  crest  a  to  a  point  o 
a  few  feet  back  from  the  weir,  where  the  water  is  only  comparatively  still,  the 
velocity  of  approach  being  perceptible.  (See  Art.  14,  «.)  The  difference  between 
the  head  H  actually  measured  and  the  head  H'  to  slill  water  is  usually  very 
slight.    It  is  greatly  exaggerated  in  the  figure. 

The  correct  measurement  of  the  head  is  a  delicate  matter,  the  dis- 
charge being  increased  or  diminished  about  1\£  per  cent,  by  1  per  cent-  of  in- 
crease or  diminution  of  the  head.  Waves  or  ripples  and  other  disturbances  of 
the  surface,  and  capillary  attraction,  are  the  chief  sources  of  error. 

(I)  To  avoid  the  latter  difficulty,  the  hook-gauge  *  is  used  for  measuring 
the  height  of  the  water  surface  in  important  cases.  This  consists  of  a  long  grad- 
uated rod,  provided  at  its  foot  with  an  upturned  hook  or  point,  and  sliding 
vertically  (by  means  of  a  screw  motion)  in  a  fixed  support,  to  which  is  attached 
a  vernier  indicating  on  the  scale  the  height  of  the  point.  The  sliding  rod  is 
first  run  down  until  the  point  is  well  below  the  surface,  and  then  gradually 
raised  by  means  of  the  screw  until  the  point  just  reaches  the  surface,  which  is 
indicated  by  the  first  appearance  of  a  "  pimple "  in  the  water  surface  imme- 
diately over  the  hook.  Under  favorable  circumstances  a  good  hook -gauge  may 
be  read  within  from  .0002  to  .0005  foot. 

(J)  To  avoid  inaccuracies  due  to  the  disturbance  of  the  surface  by 

the  current,  by  wind,  etc.,  the  level  is  sometimes  taken  (with  the  hook -gauge  or 
otherwise)  in  a  side  chamber  which  communicates  with  the  main  channel  of 
approach.  The  surface  in  the  chamber  maintains  the  same  level  as  that  in  the 
channel  Itself,  but  is  comparatively  free  from  disturbance.  Or  a  bucket  com- 
municating with  the  channel  by  means  of  a  pipe,  can  be  made  to  serve  in  the 
same  way.  Either  may  of  course  be  sheltered  from  the  wind.  Caution. 
Messrs.  Fteley  and  Stearns  found  that  when  the  bucket  or  chamber  communicated 
with  the  water  near  the  bottom  and  close  behind  the  weir,  the  head  thus  obtained  was 
generally  somewhat  greater  than  that  found  by  measurement  near  the  surface 
and  6  feet  back  from  the  weir.  But  Mr.  Francis  found  the  difference  scarcely 
perceptible. 

(k)  Great  care  is  necessary  in  adjusting*  the  hook-gauge  for  the 

height  of  the  crest \  for  any  error  in  this  affects  all  the  subsequent  experi- 
ments. The  hook  is  usually  adjusted  to  the  height  of  the  surface  when  the  latter 
just  reaches  the  level  of  the  crest ;  but  this  method  is  rendered  inaccurate  by 
capillary  attraction  at  the  crest.  A  more  accurate  method  is  to  have,  in  addition 
to  the  hook-gauge,  a  stout  Jixed  hook,  pointing  upward,  the  level  of  which,  rela* 
tively  to  that  of  the  crest,  may  be  ascertained  by  means  of  an  engineer's  level, 
holding  the  rod  on  the  crest  and  also  on  the  point  of  the  fixed  hook.  The  water 
surface  is  then  allowed  to  fall  slowly  until  a  "  pimple  "  just  appears  over  the  fixed 
hook.  It  is  then  kept  at  that  level  and  the  hook-gauge  adjusted  accordingly. 
Or  if  the  gauge-hook  is  a  stout  one,  the  levelling  rod  may  be  set  at  once  upon  its 
point  without  having  recourse  to  a  fixed  hook.  It  is  better  to  adjust  the  hook- 
gaugo  so  as  to  read  zero  for  the  crest  level,  which  is  thus  made  the  datum ;  for 
the  reading  of  the  hook-gauge  for  the  water  surface  then  gives  the  head  H  at 
once,  and  without  subtracting  the  height  of  the  crest. 


*  Hook-gauges  are  furuished  by  Buff  £  Berger,  9  Province  Court,  Boston,  Mam,  at 
from  $15  to  $60  each,  according  to  size  and  construction. 
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I)  Formal*  for  weir  discharge* 


& 


Q  ■=  the  actual  discharge  over  the  weir,  in  cubic  feet  per  second ;  * 

S'  =  the  theoretical  discharge  over  the  weir,  in  cubic  feet  per  second  -, 
'.  =M'  f  =  the  vertical  distance  or  head  a  m,  Fig.  24,  p.  267  g,  in  feet,*  measured 
from  the  crest  a  to  the  horizontal  surface  o'  of  still  water  up-stream  from 
the  weir; 
Ij  =  the  length  a  a  of  the  weir,  in  feet,*  Figs.  21  to  22  a; 
H    =  the  acceleration  of  gravity  =  say  32.2  feet*  per  second.    See  Art.  1,  p.  362. 

e    =  coefficient  ef  discharge  =  -r "?    , "f .    ?° —  =*  tc,  ; 

°       theoretical  discharge       Q 

2 


m  = 


e\ 


*    =  -r  etf2g  =*t*^Tg  =  say  5.36  «  =  say  8.025  m. 

Then,  for  the  theoretical  discharge,  we  have 

^=|lH^^H;| 

and  for  the  actual  discharge* 


t 


(1) 


=  -  e  L  H  ^2~gB 


=  m  L  H  i/2lfH     


(2) 

(3) 
(4) 


See  foot-notes 


For  the  value  of  the  coefficient  (e,  m,  or  zt)  we  have  recourse  to 
experiment,  measuring  the  actual  discharge  and  comparing  it  with  the  theoret- 
ical one,  as  in  the  following  articles. 

■■'  III!  -     ■  -  -■■■-■■■■         ■■M-M...  ..  ,, „        ..  ..     MM ■       -        —  ■  ■♦■■■■■  ■■■  ■  —  ■■■■». 

*  The  formulae  apply  equally  to  any  system  of  measures,  as  the  English,  the  metric, 
etc.  It  is  requisite  merely  that  the  head,  the  length  and  the  acceleration  of  gravity 
(g)  be  all  in  the'  aame  unit,  as  all  in  feet,  or  all  in  meters,  etc ;  and  the  discharge  in 
the  cube  of  that  unit.    la  metric  measure,  g  =-  9.81  meters  per  second. 

f  For  the  present  we  suppose  the  head  to  be  measured  to  still  water,  so  that  H  =  HV 
When  this  is  not  the  case,  see  "Velocity  of  Approach,"  Ait.  14  (a),  etc.,  p.  267  g. 

X  It  will  be  noticed  that  the  formulae  (2),  (3)  and  (4),  with  their  corresponding  coef- 
ficients, c,  in,  and  x,  are  really  identical,  differing  only  in  form.  The  hist  is  the  most 
convenient  iu  practice,  but  all  are  met  with  in  works  on  hydraulics. 

g  When  water  issues,  under  a  head  H,  from  a  ktmzoutal  orifice  in  the  bottom  of  a 

vessel,  the  theoretical  velocity  (Art.  7,  p.  257)  is  =  Y'2gH;  and  this  may  be  regarded 
as  true  also  for  vertical  orifices  in  the  ridet  of  vessels,  provided  the  head  H  to  the 
center  of  gravity  of  the  orifice  is  at  least  two  or  three  times  the  vertical  dimension 
of  the  orifice ;  for  in  both  cases  the  theoretical  velocities  through  the  several  parts 
of  the  orifice  may  be  taken  as  equaL  But  when  a  vertical  orifice  is  nearer  to  the  sur- 
face, or  when  it  reaches  to  the  Burface  as  in  the  case  of  a  weir,  we  must  take  into  con- 
sideration the  differences  in  the  velocities  with  which  the  water  issues  from  points  at 
different  depths. 
Theoretically,  the  particles  pass  the  oblique  plane  ao\  Fig.  23,  in  horizontal  lines, 

with  velocities  (=*  /$yl~=  8.025  |/S) 
proportional  to  the  square  roots  of 
their  several  vertical  depths  h  (net 
indicated  in  fig.)  below  still  water 
surface  at  o'.  Therefore  if  from  a  m 
we  imagine  horizontal  lines  aa\ 
d  a",  v  »',  e  </,  etc,  etc.,  to  be  drawn, 
representing  all  these  velocities  to 
any  scale,  then  the  outer  ends  a', 
d',  t/,  «',  etc.,  etc.,  of  these  lines 
will  form,  with  a  m  and  a  a',  a 
parabolic  segment  amc' «',  the  area 
of  which  Is : 

2                                                                                        2 
area  «■  -_  areft  of  rectangle  a  »  (see  Parabola,  p.  162)  =  — ,N  ~  -  - 

S  3,3 

and  this  area  in  square  feet,  multiplied  by  the  thickness  of  the  escaping  sheet  of 


amXa<^  -  0  H  ySgTT; 
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(m)  Mr.  James  B.  Franeis*  experimented  at "  the  lower  locks,"  Lowell, 
Mass.,  in  1852,  with  weirs  10  feet  long,  5  feet  and  2  feet  high,  under  heads  from  7 
to  19  inches.    To  apply  his  results,  the  following  conditions  must  exist: 

The  head  H,  Fig.  20,  must  be  between  6  and  24  inches.    The  height p  of  the 

"vertical  back  of  the  weir  above  the  bottom  b  of  the  channel  must  be  at  least 

twice  the  head  H.    The  crest  a  must  be  "  in  thin  partition  "  (foot-note  t  p.  260), 

and  its  length  L,  Figs.  21  to  22  a,  must  be  at  least  3  times  the  head  H.    The  ends 

ah.ah  must  be  vertical,  and,  when  there  is  end  contraction, "  in  thin  partition." 

When  there  is  end  contraction.  Mr.  Francis  first  deducts  from  the  actual  length 
L  of  the  weir  one  tenth  f  of  the  head  H  for  each  end  where  contraction  occurs. 
Thus,  if  n  =  the  number  of  end  contractions  (two  in  Fig.  22), 


Q-.(L-.f)HrH-.(L-.-f)H** 

InFig.22,Q  =  */L-^)  H  ^HZf  =*  *  (L~?)  H 


(5) 


But  within  the  limits  specified  above,  the  formula  is  very  approximate  without 
correction  for  end  contraction,  provided  the  length  L  of  the  weir  is  at  least  10 
times  the  head  H ;  and  within  6  per  cent,  of  the  truth  when  L  is  =  4  H.  When 
there  is  no  end  contraction,  of  course  no  such  correction  is  required,  and  the 


formula  remains  Q=iLH  yH£%  =  *  L  H  *  •     See  Bern  3,  page  267j. 


Mr.  Francis  gives  x  =  3.33  for  feet ;  g  or 

«v*     ■_  «  -w. . .  /,     _*.  number  of 

Dlsenarjre  =  8*83  X  ( length 


head  H 
end  contractions  10 


)XH{,J 


the  mean  of  his  88  experiments  being  3.3318.  The  least  value  of  z  obtained  by 
him  was  3.3002,  or  1  in  112  less  than  3.33;  and  the  greatest  was  8.3617,  or  1  in  105 
more  than  3.83.  Hence,  with  x  —  3.33,  the  formula  will  give  the  discharge  for 
each  of  his  experiments  within  1  per  cent.  In  67  out  of  the  88  experiments 
x  ranged  between  3.32  and  8.35,  and  in  53  between  3.32  and  3.34.  When  x  is  3.33, 
m  is  =  0.415,  and  c  is  =  0.622.    Compare  foot-note g  p.  267  c. 

The  height  of  the  surface  was  measured  six  feet  back  from  the  weir  by  two 
hook-gauges,  one  on  each  side  of  the  channel ;  and  the  mean  of  their  readings 
was  used  In  calculating  the  coefficient  x. 

For  table  of  discharges  by  the  Francis  formula,  see  p.  267  6. 


water,  or  length  L  of  weir,  in  feet,  gives  the  theoretical  discharge  in  cubic  feet  per 
second.    Or 

Qf  -  LX  «rea  am da*  =*  L  X  |h  V^9^ 

Hence,  area  a  m  <*  a*  in  sq.  ft.  represents  the  theoretical  disch.  in  cub.  ft.  per  sec  over 
1  ft.  length  of  weir,  under  head  H.  The  theoretical  mean  vet.  through  the  section  a  or  is 

or  two  thirds  of  the  theoretical  hori- 
zontal velocity  a  a'  of  the  particles 
passing  immediately  over  the  welf. 
As  in  the  case  of  orifices  (Art.  9, 
p.  260),  the  actual  vel.  at  the  tmaUeet 
teetion  of  the  sheet  after  passing  the 
weir  (corresponding  to  the  "vena 
contract* ")  is  probably  very  nearly 
equal  to  this  theoretical  velocity. 

*  "Lowell  Hydraulic  Experi- 
ments," Van  Nostrand.  New  York. 
1883.  * 

f  In  Messrs.  Pteley  and  Stearns'  experiments  this  figure  was  not  constant  at  0.10 
but  varied  between  0.061  and  0.124,  generally  increasing  as  the  head  decreased.         ' 
X  We  here  suppose  the  head  to  be  measured  to  the  surface  of  ttill  water,  so  that  H 
and  H'  (see  Art  14  h,  p.  266)  are  the  same.    See  Velocity  of  Approach,  Art.  14  (•), 
p.  267  g. 

\  Since  1  meter  =  3.2808  ft.,  the  value  of  x  for  metric  measure  corresponding  to  Mr. 
Francis*  3.33,  is  =  3.33  -*-  V&2808  =  3.33  -*-  1.8113  =  1.838. 


Fig.23 
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Table  IS.*  IHsehaiwe  In  cubic  feet  per  seednel  lor  cacti  foot 
In  leng-th  of  weir  in  thin  plate  and  without  end  contraction,  by  the  Francis 

formula :  Discharge,  Q  =--  3.33  L  H$  =  3.33  LHj/tt 

Very  approximate  also  when  there  is  end  contraction,  provided  that  L  is  at 
least  =  10  H ;  and  but  about  6  per  cent,  in  excess  of  the  truth  if  L  =  4  H.  Mr. 
Francis  limits  the  formula  to  heads  H  from  0.5  foot  to  2.0  feet,  but  no  serious 
error  will  result  from  using  the  table  for  any  of  the  heads  given.  Far  weirs 
of  other  lengths  than  1  foot,  multiply  the  tabular  discharge  by  the  actual 
length  in  feet    .01  foot  =  0.12  inch  =  scant  %  inch. 


Head,  H, 

Cab.  ft. 

Head,  H, 

Cub  ft. 

Head,  H, 

'  Cub.  ft. 

Head,  H, 

Cub.  ft. 

Head, H, 
in  ft. 

~101~ 

Cub.  ft. 

In  ft. 

per  gee. 

Soft. 

per  see. 

in  ft. 

per  see. 

In  ft. 

per  sea. 

perseo. 

.01 

0.003 

.51 

1.213 

1.01 

3480 

141 

6.179 

9.489 

.02 

0.009 

.52 

1.249 

1.02 

3.430 

J42 

6440 

2.02 

9400 

JOS 

0.017 

43 

1.285 

1.03 

3.481 

148 

6.802 

2.03 

9.631 

.04 

0.027 

44 

1.321 

1.04 

3.532 

1.54 

6.364 

2.04 

9.708 

.05 

0.037 

45 

1.358 

1.05 

3.583 

1.55 

i  6.426 

2.05 

9.774 

.06 

0.049 

.56 

1.395 

1.06 

8.634 

1.56 

1  6.488 

2.06 

9.846 

.07 

0.062 

.57 

1.433 

1.07 

3.686 

147 

6.551 

2.07 

9.917 

.08 

0.075 

.58 

1.471 

1.08 

3.737 

148 

6.613 

2.08 

9.989 

.09 

0.090 

.59 

1.509 

1.09 

3.790 

1.59 

6.676 

2.09 

10.062 

.10 

0.105 

.60 

1.548 

1.10 

3.842 

1.60 

6.739 

2.10 

10.134 

.It 

0.121 

.61 

1.586 

1.11 

3.894 

1.61 

6.808 

2.11 

10406 

.12 

0.138 

.62 

1.626 

1.12 

3.947 

1.62 

6.866 

2.12 

10.279 

.13 

0.156 

.63 

1.665 

1.18 

4.000 

1.63 

6.980 

2.13 

10.352 

.14 

0.174 

.64 

1.705 

1.14 

4.053 

1.64 

6.994 

114 

10.425 

.15 

0.193 

.65 

1.745 

1.15 

4.107 

1.65 

7.058 

2.15 

10.498 

.16 

0.213 

.66 

1.786 

1.16 

4160 

1.66 

7.122 

116 

10.571 

.17 

0.233 

.67 

1.826 

1.17 

4.214 

1.67 

7.187 

117 

10.645 

.18 

0.254 

.68 

1.867 

1.18 

4.268 

1.68 

7.251 

2.18 

19.718 

.19 

0.276 

.69 

1.909 

1.19 

4.323 

1.69 

7.316 

2.19 

10.792 

.20 

0.298 

.70 

1.950 

1.20 

4.877 

1.70 

7.881 

2.20 

10.866 

.21 

0.320 

.71 

1.992 

1.21 

4.432 

1.71 

7.446 

2.21 

10.940 

.22 

0.344 

.72 

2.034 

1.22 

4.487 

1.72 

7.512 

2.22 

11.016 

.23 

0.367 

.73 

2.077 

1.23 

4.543 

1.73 

7.577 

2.23 

11.089 

3A 

0.892 

.74 

2.120 

1.24 

4.598 

1.74 

7.643 

2.24 

11.164 

.26 

0.416 

.75 

2.168 

1.25 

4.654 

1.75 

7.709 

2.25 

11.239 

.26 

0.441 

.76 

2.206 

1.26 

4.710 

1.76 

7.775 

2.26 

11.814 

.27 

0.467 

.77 

2.250 

1.27 

4.766 

1.77 

7  842 

2.27 

11.389 

.28 

0.493 

.78 

2.294 

1.28 

4.822 

1.78 

7.908 

2.28 

11.464 

.29 

0420 

.79 

2.338 

1.29 

4.879 

1.79 

7.978 

2.29 

11.540 

.90 

0.547 

.80 

2.883 

1.80 

4.986 

1.80 

8.042 

2.30 

11.615 

M 

0.575 

i     .81 

2.428 

1.31 

4.993 

1.81 

8.109 

241 

11.691 

J32 

0.603 

.82 

2.473 

1.32 

6.050 

1.82 

8.176 

242 

11.767 

.83 

0.631 

.83 

2418 

1.33 

5.108 

1.83 

8.244 

2.33 

11.843 

44 

0.660 
0.690 

.84 

2.564 

1.34 

5.165 

1.84 

8.311 

2.34 

11.920 

.35 

.85 

2410 

.3.35 

5.223 

1.85 

8479 

2.85 

11.996 

.86 

0.719. 

.86 

2.656 

1.36 

5.281 

1.86 

8.447 

2.36 

12.073 

47 

0.749 

.87 

2.702 

1.37 

5.340 

1.87 

8416 

2.37 

12.150 

.88 

0.780 

.88 

2.749 

1.38 

5.398 

1.88 

8.584 

2.88 

12.227 

.89 

0.811 

.89 

2.796 

1.39 

5.457 

1.89 

8.652 

2.39 

11304 

.40 

0.842 

.90 

2.848 

1.40 

6.516 

1.90 

8.721 

2.40 

12.381 

.41 

0.874 

.91 

2.891 

1.41 

5.575 

1.91 

8.790 

2.41 

11459 

-    .42 

0.986 

,92 

2.939 

1.42 

6.685 

1.92 

8.859 

2.42 

12.536 

.48 

0.989 

.93 

2.987 

1.43 

5.694 

1.93 

8.929 

2.43 

12414 

.44 

0.972 

.94 

3.035 

1.44 

6.754 

1.94 

8.998 

2.44 

11692 

.45 

1.O05 

.95 

8.088 

1.45 

5.814 

1.95 

9.068 

145 

11770 

.46 

1.089 

.96 

8.132 

1.46 

5.875 

1.96 

9.138 

146 

11848 

.47 

1478 

.97 

3.181 

1-47 

5485 

1.97 

9.208 

147 

12427 

.48 

1.107 

.98 

8.231 

1.48 

5.996 

148 

9.278 

148 

13.005 

.49 

L142 

.99 

3480 

1.49 

6.057 

1.99 

9.348 

2.49 

13.084 

.50 

1.177 

140 

8.830 

1.50 

6.118 

2.00 

9.419 

240 

18.163 

*  Table  13  is  an  extension  of  the  "  original "  table  published  in  our  first  edition, 
1872.  Most  of  the  values  now  given  are  taken,  by  permission,  from  a  table  published 
by  Messrs.  A.  W.  Hunking  and  Frank  S  Hart,  of  Lowell,  ettam.,  in  May,  1884. 
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•  experimented  stB. 

, _...  5  (eel  and  19feet  lorig..lfcet  i  Inohe.  and  o  fe 

inches  high,  and  under  heads  from  (1.8  I  neb  to  19  Inches.    Forwelrs  In  Ihii 

tangular  and  uniform    ' 


ads  ptWr  t 
(,),  tnelr  torn 


)i  foot  or  U.S4  inch  (other  conditions 


»  L  H  yTITH  +  O.O07  L   F  ■  •  ■   W- 


In  their  eiperimentA,  the  heads  wen. _  ...  . 

The  tulal  variation  in  the  values  of  the  coefficients  obtained  was  about  2}^  per 
gaol.    Compare  foot-nole  }  below. 

("I  M.  IHibIb  J  experimented  at  Dijon,  France,  in  1*86-88,  with  weirs  from 
r.  about  1U  to  »A  feet  long,  from  about  B  Inches  to  s  feet  9  Inches 

g  high,  anu  under  heads  Som2Ulo  21  inches.    The  top  of  lb* 

weir  Isabowa  In  Kig.  23  a.  .The  weirs  were  placed  at  different 

points  in  a  rectangular   and  regular  canal  70CI  feet   long, 
smoothly  lined  with  cement.    Compare  foot-note  J  below. 

While  Mr.  Francis  and  Messrs.  Fteley  and  Stearns  provide 
for  the  effect  of  velocity  of  approach  (see  Art.  14  u>  and  *)  hy 
modifying  the  measured  htad  H,  M.  Basin  Includes  It  in  the 
iwJItiflU  m  in  the  formula Q^xsLH  (fp1.  After  compar- 
ing his  experiments  with  those  of  Messrs.  Fteley  and  Stearns, 
£(Art.  14  n  and  c),  he  gives,  Tor  m,  in  oases  where  there  Is  no 
velocity  of  approach,  the  values  M  in  the  last  column  of  Table 
13,  or,  very  approximately, 
g  1  No  velocity  of  approach,  \  .m,  0JM3 

\      H  and  H'  identical      )M-ows-r     H- 
When  Telocity  of  approach  is  to  betaken  into  account: 

SS.it        -  —  [' + *"  (ff?i )'] "' 

In  meters  where  H  is  the  head  actually  measured  to  running  water, 
and  p  la  the  height  uoof  the  weir.  Fig.  SO.  H  and  p  must  of 
course  both  be  measured  In  the  same  unit,  as  both  in  meters,  or  hoth  in  feet,  etc. 
See  Note,  p.  267  d. 

H.  Basin  believes  that  except  In  the  case  or  very  low  weirs  (which  should  be 
avoided)  the  values  of  tn  given  by  formula  i7t  ami  In  TiOiie  14  calculaled  from 
it,  will  be  found  within  I  per  cent,  of  the  truth  for  weirs  in  thlfa  partition  Sod 
without  end  contraction,  (f  the  conditions  of  his  experiments  an  exactly  repro- 
duced, and  provided  especially  that  the  sheet  of  .water  Is  not  allowed  to  expand 
laterally  after  passing  the  crest  (Art.  14  (<J|)  and  that  the  air  has  free  access  to 
the  space  «>,  Fig.  *,  behind  the  falling  sheet  of  water. 

For  heads  between  4  Inches  and  1  foot,  M.  Basin  gives,  as  svufMdently  air- 


allow  for  velocity  of  approach,  m  m  0.42S  +  021 


(*?>)• 


•Transaction., 

Am 

erlean  Society  of  Civi 

1  En  Bio 

eers,  Jan.,  Feb.  ana  March,  1883. 

foi 

-  Velocity  of  Approach,  Art. 

14  (a),  p.  267  g. 

Fonts  et  Chauss. 

Oct.,  1S«S.    Paris,  I 

Marlchai  and  Juh 

"'/ 

,Traut»lnB,Jr.,  pre. 
in  in  its  Proceedings. 

MMt 

i  Engineers'  Club  of  Philadelphia, 

$  This  would  mail 

rjSi 

=  B.OBo  nt) ;  whereas  Mr.  Francs) 

gives*  =  3.33,  wl 
limits  nf  Art.  11 

r*.  Ftsley  and  Steams,  within  the 

i.     Vet  M.  Basin  m 

the  hesd  16  feet  hack  from  the 

t  only  fl  feet  back   and  the  slight 

obtained  by  M.  Basil 

,  I/O,, hi 

he^wE^Stc 

approach,  which  i 

't  long,  rectangular  and  regular  in 

>oothly  coated  with  c 

In  the  other  experiments  It  wss 
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1WU«  14*    Value*  of  m,  in  the  formula 

Q—mLH^TJH  ...  or 

U^tL^Sm^ "  TO  X  len»tb» in  ft' x  mea8'd  head  H* ft* ><  VTTB^h ; 
by  M.  Bazin's  formula  (7):  m  =  Mf  [l  +  0.55  (^JjL)2].    For  M,  see  last 

0  003 
column  of  table.    Or,  very  approximately,  M  =  0.405  +  ~ig~*     Compare  foot- 
note i  p.  267  «. 

Notk.  The  coefficient  m,  for  any  given  ease,  remains  the  same  for  English, 
metric  or  other  measure;  provided  the  head,  the  length  and g  are  all  measured 
in  the  same  unit,  and  the  discharge  in  the  cube  of  that  unit ;  for  m  is  simply 

2  _  2_  actual  discharge 

3  C  ~~  3         theoretical  discharge  * 

It  will  be  noticed  that  below  the  heavy  lines  the  head  H  is  greater  than 
}4  height  p,  and  thus  exceeds  the  limit  laid  down  in  (f )  and  (m). 


Head  H,  Fig.  14,  p.  367  jr. 


Meter*. 

approi 

feet. 

.05 
.06 

.06 
JOB 

.164 
.187 
.289 
.262 
.285 

.10 

.838 

.12 
.14 

.884 
.458 

.16 
.18 

.515 
.681 

.20 

.656 

.22 
.24 

.712 
.787 

.26 
.28 

.853 
.818 

jo 

.884 

.82 
.84 
.80 

J8 

1.050 
1.116 
1.181 
1.147 

.40 

1.812 

.42 
.44 
.46 

.48 

1.378 
1.444 
1.686 
1.575 

.50 

1.640 

M 
.54 
.56 
.58 
.60 

1.708 
1.772 
1.837 
1.803 
1.868 

1.87 
2.36 
2.76 
3.15 
8.54 

S.84 

4.72 
5.51 

6.30 
7.08 

7.87 
8.66 
8.45 

10.24 
11.02 

11.81 

12.60 
13.38 
14.17 
14.86 

15.75 

16.54 
1T.82 
16.21 
18.80 

18.68 

10.47 
21.26 
21.05 
22.83 
28.61 


Height,  p,  Fig.  20,  of  crest  ef  weir  above  bed  of  up-stream  channel. 


• 

meters  0.20     0.80     0.40     0.50     0.6?     0.80  •  1.00     1.50 

2.00 

l! 

[feet      0.656   0.884   1.311    1.6*0   1.868   2.614  3.280   4.820 

6.560 

.3 

fi 

[iB0bea7.87    11.81    15.75    18.68   23.62   81.50  38.38  58.07 

78.76 

•5  a 

m  Bii  m  181  m  m 

.458     .453  .451  .450  .448  .448,  .448  .448 

.456     .450  .447  .445  .445  .444  .443  .443 

.455     .448  .445  .443  .442  .441  .440  .440 

.466     .447  .443  .441  ,440  .488  .488  .4*7 

.467     .447  .442  .440  .438  .436  .436  .435 


m  Mf 

.448  .4481 

.443  .4427 

.438  .4381 

.437  .4168 

.484  .4340 


.468  .447  .442  .438  .437  .435  .434  .488  .433  .4322 
TJ7I  .448  .442  .438  .436  .433  .432  .480  .430  4281 
.466 1  .450     .443     .488     .435     .432     .430     .428    .428    .4*1*7 


.47iT?Br 

.475     .458 


.444     .488     .486 
.446     .438     .435 


.428     .427    .428    .4246 
428     .426    .426    .4228 


.480  .458  .447 

•fol  •403 

.488  .465  .462 

.482  .468  .455 

.486  .472  .457     .448 


.488  .431  .428  .425  .428  .4215 

.437  .481  .428  .424  .428  .4203 

.488  .482  .428  .424  .422  .4184 

.446  .482  .428  .484  .421  .4187 

.441  .433  .428  .424  .422  .4181 


.500     .475     .460     .450     .443     .434     .480     .424    .421    .4174 
.462     .452     .iU 


.478 

.481  .464  .454  .446 

.483  .467  .458  .448 

•4t0  AB*  »*W8-  »4flr 


.436  .430  .424  .421  .4168 

.487  .431  .424  .421  .4162 

.438  .432  .424  .421  .4156 

.488  .432  .424  .421  .4158 


.488  .472  .468  .461  .440  .433     .424    .421    .4144 

.481  .474  .461  .452  .4411  .434 

.484  .476  .468  .464  .442  .485 

.486  .4T6  .465  .456  .443  .435 


.437 


.480  .467  .467 '.444 

.482  .468  .458  .445 

.483  .470.  .460  .446 

.485  .472  .46t  .447      .438 

.487  .473  .463  .448     .438 

.488  .475  .464  .448:    .440 

.480  .476  .466  .451      .441 


.425  .421  .4138 

.425  .421  .4134 

.425  .421  .4128 

425  .421  4121 


.426  .411  .4118 

.426  .421  .4111 

.426  .421  .4107 

.427  .421  .4101 

.427  .421  .4088 

.427  .421  .4082 


Owing  to  the  wide  range  of  the  head  H  and  of  the  height  p  in  these  experi- 
ments, we  find  in  them  a  wider  dlireifrenee  in  the  values  of  the  coefficient 
than  resulted  from  the  earlier  investigations.  Thus,  the  smallest  value  of  m 
above  the  heavy  lines  is  0.4092,  or  about  one  nineteenth  less  than  the  mean, 
0.4325;  and  the  greatest  is  0.459,  or  about  one  sixteenth  more  than  0.4325. 

-  -  ■  i     ■  .  i ■  ..I  ■  i  . 

*  In  these  experiments,  the  head  H  was  measured  at  a  point  5  meters  (16.4  ft )  Iwck 
from  the  weir.    The  correction  for  velocity  of  approach  is  contained  in  the  coefficient  m. 

f  M  is  the  value  of  m  when  there  is  no  velocity  of  approach ;  i.  e.,  where  the  cross- 
section  of  the  channel  of  approach  is  indefinitely  great  compared  with  that  of  the 
stream  of  water  passing  over  the  weir.  ^ 
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( p)  From  a  comparison  of  a  number  of  experimental  data",  the 
deduced  the  following 

Table  15..  Approximate  values  of  the  coefficient 

formula : 

<l  =  mLHf/27H, 
for  weirs  of  several  different  shapes  and  thicknesses.    (Original.) 


in  the 


S  ft.  thick ; 

Head,  H. 

Sharp  Xdfe.* 

S Inches 
thick. 

smooth ;  slop- 

iug  outward 

and  downward, 

3  ft.  chick : 

anionth  :  and 

le\.l. 

Feet. 

Inches. 

from  1  in  12  to 

1  in  18. 

in 

m 

m 

m 

.0833 

1 

.41 

.37 

.32 

.27 

.1666 

2 

.40 

.38 

.34 

.30 

.25 

8 

.40 

.39 

.84 

.31 

.3333 

4 

.40. 

.41 

.85 

.31 

.4166 

5 

.40 

.41 

.35 

.32 

.5 

6 

.39 

.41 

.85 

.33 

.5838 

7 

.39 

.41 

.35 

.32 

.6666 

8 

.89 

.41 

.34 

.81 

.8333 

10 

.88 

.40 

.34 

.81 

1. 

12 

.38 

.40 

.33 

.31 

2. 

24 

.37 

.39 

.32 

.30 

3. 

36 

.37 

.39 

.32 

.30 

(q)  To  And  the  head  If ,  approximately ;  having  the  discharge  Q. 
According  to  formulae  (3)  and  (4),  Art.  14  (/),  p.  267, 

Q  =  m  L H  j/2jH  =  x L H  yH  =  m  h ^2g^EC*t  =  x L yU^ 


Hence 


(8) 


or 


Head 

approximately 


or  -.!  /     Q'     _  '  <  Q" 

*       Ym»L»2p~  "Vx^r?-   *   *   * 

,  H,     _  *  /square  of  discharge  of  stream,  in  cub.  ft.  per  sec. 
aately  ~"   \  "      " 


»»»  X  length8  X  64.4 


8  /sq.  of  discharge 
**  \  _ *"■  X  length*""" 
The  coefficient  m  or  x  itself  varies  somewhat  with  the  head ;  but  the  formula 
may  be  usefully  employed  as  an  approximation  by  taking,  for  sharp-crested 
weirs,  m  =>  0.415  (wa  =  0,172)  or  x  =  3.83  (x*  =  11).    For  other  shapes,  see  Table 
16,  above. 

(«*)  Submerged  weirs,  Fig.  23  b,  are  those  in  which  the  surface  of  the 

down-stream  water  at  A,  after  the  construction 
of  the  weir,  is  higher  than  the  crest  a. 

In  a  weir  discharging  freely  into  the  air,  as 
in  Fig.  20,  Mr.  Francis  found  that  with  a  head 
of  1  foot  the  discharge  was  diminished  only 
about  one  thousandth  part  by  placing  a  solid 
horizontal  floor  about  6  inches  below  and  in 
front  of  the  crest  of  the  weir  for  the  water  to 
fall  upon.  Also,  when  the  head  was  10  inches,  and  the  water  fell  freely  through 
the  air  into  water  of  considerable  depth  (as  in  Fig.  20),  the  quantity  discharged 
was  the  same  whether  the  surface  of  the  down-stream  water  was  about  3  inches 
or  about  13  inches  below  the  crest  a. 

In  experiments  by  Mr.  Franois  and  by  Messrs.  Fteley  and  Stearns,  with  air 
freely  admitted  underneath  the  falling  sheet  of  water  just  below  the  crest  a,  the 
discharge  was  not  appreciablv  affected  by  a  submergence  of  h  =  from  0.017  H  to 
0.023  H.  When  air  Was  only  partially  admitted,  the  discharge  was  affected  (in- 
creased)  by  less  than  one  per  cent,  while  h  remained  less  than  0.15  H. 


Fig.23b 


*  These  values  aro  lower  than  those  given  in  Art  14  («•)  and  (*),  and  much  lower 
than  those  in  (o).    Compare  foot-note  §  p.  267  o. 
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Dnbvat's  formal*  for  submerged  weirs.   Let 

H  and  h  =  the  heads  measured  vertically  from  the  crest  a  of  the  weir  to  the 
surface  of  still  water*  up-stream  and  down-stream  from  the  weir, 
respectively. 

d=sH-A«=  their  difference  =«=  the  difference  in  level  between  the  up-stream 
and  down-stream  surfaces  of  still-water;* 


Then 


=  coefficient  of  discharge  =  nr-^-  . ■-*.— ^—  . 

°         theoretical  discharge 


«|  =  cl(a+|  d)  V*9*'A W  or: 

(s)  Messrs.  Fteley  and  Steams  %  experimented  at  Boston  in  1877  with 
Bsbmerged  weirs  under  up-stream  heads  H  from  about  4  to  10  inches ;  and 
Mr.  Francis  \  at  Lowell  in  188a  under  heads  from  about  1  foot  to  2  feet  4 
inches. 

From  these  experiments  we  deduce  the  following 

Table  16,  of  approximate'  values  of  the  coefficient  e  in  the  formula  for 
discharge  over  submerged  weirs. 

<l  =  «L(A  +  !<*)|/2T3. 

Deduced  from  experiments  by  Fteley  and  Stearns  and  by  J.  B.  Francis.  In 
Mr.  Francis'  experiments,  the  value  of  c  for  a  given  value  of  A  -*-  H  generally 
increased  as  H  increased. 


Fteley  and  Stearns. 

J.  B.  Francis. 

(H  »  0.825  to  0.815  feet.) 

(H  =  1  to  2.32  feet.) 

A-hH 

e 

e 

.05 

•    •     •  ,  •     •     • 

.623  to  .632 

.10 

.625  to  .635 

.620  to  .680 

.20 

.618  to  .628 

.610  to  .625 

.80 

.608  to  .610 

.598  to  .615 

.40 

.590  to    600 

.586  to  .610 

.50 

.585  to  .595 

.585  to  .607 

.60 

.588  to  .593 

£85  to  .607 

.70 

.580  to  .590 

.585  to  .607 

.80 

.581  to  .591 

.585  to  .607 

.90 

.   .590  to  .600 

««fw 

.610  to  .615 

*  For  velocity  of  approach,  see  Art.  14  (u)  etc.,  p.  267  g. 

f  In  deducing  this  formula,  the  water  that  passes  over  the  weiT  between  c  and  6  is 
assumed  to  flow  as  over  a  weir  with  its  crest  at  6,  and  with  free  discharge  into  the  air, 
as  over  the  crest  a  in  Fig.  20;  and  for  this  portion,  by  formula  (2)  in  Art  14  (I),  the 
discharge  would  be : 

Qj  =  cL-d  \ftgd; 

while  the  water  that  passes  through  the  lower  portion  between  b  and  a  is  regarded  as 
flowing  through  a  submerged  vertical  orifice  whose  height  is  b  a  =  A,  under  a  head 
=  d.    For  this  lower  portion,  therefore,  the  discharge  would  be: 

Q^^cLAy^ya. 
It  is  assumed  that  the  coefficient  of  discharge  c  is  the  same  for  the  upper  section 
c  6  as  for  the  lower  one  a  b.    Hence,  adding  these  two  discharges  together,  we  obtain, 
for  the  entire  disharge : 

Q  -  <fc +  0. -•*•(*  +  !  d)  »**"* 

t  Transactions,  American  Society  of  Civil  Engineers,  March,  1883,  p.  101,  etc 
$  Transactions,  American  Society  of  Civil  Engineers,  Sept.,  1884,  p.  895>  etc 
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(()  Mr.  Clement  H«r*efc«l,+  comparing  these  experiment*  with  seme 
earlier  ones  by  Mr.  Francis,  gives  the  followiug: 

Having  ascertained  the  depths  H  and  A  of  the  crest  below  the  still- water  levels 
up-stream  and  down-stream  respectively,  divide  A  by  H.  Find  the  quotient,  as 
nearly  as  may  be,  in  the  column  headed  A  -f-  H  in  lable  17.  Take  out  the  cor- 
responding coefficient  a,  and  multiply  it  by  the  up-stream  head  H.f 

The  product  a  H  is  the  head  which  would  cause  the  given  weir  to  discharge 
the  same  quantity  freely  into  the  atr-as  in  Fig.  20.  Find  tfce  discharge  into  air 
over  the  given  weir  with  the  head  a  H ;  and  this  discharge  will  be  approximately 
the  same  as  that  of  the  actual  submerged  weir  under  the  up-stream  nead  H  and 
against  the  down-stream  head  A ;  or  (H  being  the  actual  up-stream  head  on  the 
submerged  weir)  the  discharge  is 

Q=mLaHyf£aH  =  xLaHt'a~H~. (10). 


TABIJB  17. 

A-5-H 

» 

Ah-H 

» 

A-s-H 

a 

.10 
.20 
.25 
.30 
.35 
.40 

1.000  to  1.010 
0.975  to  0.995 
0.960  to  0.984 
0.945  to  0.973 
0.928  to  0.960 
0.912  to  0.946 

.45 
.50 
.55 
.60 
.65 
.70 

0.894  to  0.930 
0.874  to  0.910 
0.853  to  0.889 
0.829  to  0.863 
0.803  to  0.833 
0.775  to  0.799 

.72 
.74 
.76 
.78 
.80 

0.762  to  0.784 
0.747  to  0.769 
0.732  to  0.752 
0.713  to  0.733 
0.693  to  0.713 

mrf^\k 


n 


(w)  Veloeity  of  approach.    See  Fig.  24.    It  is  generally  impracticable* 

to  measure  the  head  H'  to  perfectly  still 

water  o'  up-stream.    The  head  is  usually 

measured  at  a  point  o,  from  2  or  3  to  6  or 

8  feet  or  more  up-stream  from  the  weir, 

according  to  the  size  of  the  latter.    At 

*r        \    t^^u^u^. ■     v  such  points  the  velocity  is  generally  ap- 

jf  *Or   OrTT-.Tr^,"  V  preciable,  and  the  surface  therefore  a 

I  *K     (J '  i^|r-     i£=^>.         little  lower  than  at  o'.   Hence  a  formula 

4  |  ^  gfjpfi||llilj^p=^  ^    using  the  smaller  head  H  so  measured, 

instead  of  H',  and  coefficients  based  upon 
H',  will  give  too  small  a  discharge.  Mr. 
Francis  found  that  a  current  of  1  foot 
per  second,  or  nearly  0.7  mile  per  hour, 
at  the  point  o  to  which  the  head  was 
measured,  increased  the  discharge  but  about  h  per  cent,  when  the  head  was 
13  inches ;  and  a  current  of  6  inches  per  second  increased  the  discharge  about  1 
per  cent,  when  the  head  was  8  inches. 

If,  however,  the  velocity  of  approach  is  such  as  to  require  consideration,  pro- 
ceed as  follows :  For  the  approximate  mean  veloeity  of  approach,  we  have : 


^e-2*     \^jsgmm 


approximate  discharge 

v  ~~~  area  of  entire  cross  section  of  stream  at  o 


3.33  L 


hI 


area  at  o 


and,  for  the  bead  due  to  this  velocity,  A  =  j-    (or  see  Table  10,  p.  258). 
Then,  for  all  practical  purposes,  we  may  say:  H'  =  H  -f  A;  or 

Q  =  m  L  (H  +  A)  i/2  g  (H  +  h)  «  *  L  (H  +  A)t (11) 

although,  strictly  speaking,  the  difference  of  level  between  ef  and  o  is  really 
(as  shown  in  Fig.  24)  somewhat  greater  than  A,  or  than  v9  •+•  2  gt  because  some 
head  is  lost  in  friction  between  o'  and  o. 


*  Transactions,  American  Society  of  Civil  Engineers,  May,  1885,  pp.  189,  etc 
f  Mr.  Herschers  table,  from  which  ours  is  condensed,  gives  a  for  every  0.01  foot  of 
A  -*-  H ;  but  the  values  of  a  intermediate  of  those  we  have  selected  may  be  taken  from 
our  table  almost  exactly  by  simple  proportion.  The  range  in  the  coefficient  a  in  the 
table  for  each  value  of  A  -*-  H  is  that  indicated  by  the  experiments,  which  varied 
similarly.  We  are  not  Instructed  how  to  select  between  these  extremes;  but  la 
most  cases  their  mean  value  is  probably  nearest  right. 
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(v)  Messr*.  Fteley  and  Stearns  make  H'  =  H  +  1.5  h  for  suppressed 
weirs,  and  H'  =  H  +  2.05  h  for  weirs  with  complete  end  contractions,  as  averages ; 
and  Mr.  Hamilton  Smith,  Jr.,*  after  comparing  their  experiments  with  others 
by  Lesbros,  Castel  and  Mr.  Francis,  gives  H'  =  H  +  1%  A,  and  H'==  H  +  1.4  A,  for 
the  two  cases  respectively. 

(tr)  On  the  other  hand,  Mr.  Francis*  formula,  as  modified  for  velocity  of 
approach, 

Q  =  *Lf  (V(H  +  *)"  —  f^1)  »  m  L 1 1^ ■  (f(H  -r  A)»  -  ^  J    •  •  .    (12), 
makes  the  effect  of  H'  Us*  than  that  of  H  +  A. 

(as)  Slessrs.  A.  W.  Hankinf  and  Frank  S.  Hart,  Civil  and  Hy- 
draulic Engineers,  have  substituted  for  the  expression  (|/(H  +1T)8  —  y^h*)  in 

formula  (12),  the  equivalent  one  K  VK*\  in  which  K  is  a  coefficient  deduced  from 
the  former  expression,  and  therefore  depending  upon  the  relation  between  II 
aud  A,  or,  ultimately,  upon  that  between  the  cross-section  a  *  Fig.  24  at  the  weir 
and  the  entire  cross-section  of  the  stream  at  o. 

Having  found  the  area  of  cross-section  at  o,  divide  it  by  ( L  —  n  —  J,  which 

is  the  length  of  the  weir  corrected  for  contraction.  See  Art.  14  (m).  Call  the 
quotient  IXg    Divide  the  measured  head  H  by  D.    Find  this  last  quotient  in 

the  column  ™  of  the  table.     Multiply  the  approximate  discharge,  Q  =  &33 

( L  —  n  —  1  H2,by  the  corresponding  coefficient  K ;  or 

Aetnal  Discharge  Q  =  3.H3  K  (l  —  n  ~  )  hI (13) 

Table  18.    Coefficient  K  in  formula  (13).    See  also  p.  267  ». 


H 

H 

H 

H 

H 

K 

K 

K 

K 

K 

D 

D 

D 

D 

D 

.01 

1.0000 

.09 

1.0020 

.17 

1.0072 

.24 

1.0143 

.31 

1.0239 

.02 

1.0001 

.10 

1.0025 

.18 

1.0081 

.25 

1.0155 

.82 

1.0254 

.03 

.  1.0002 

.11 

1.0030 

.19 

1.0090 

.26 

1.0168 

.33 

1.0271 

.04 

1.0004 

.12 

1.0036 

.20 

1.0100 

.27 

1.0181 

.34 

1.0287 

.05 

1.0006 

.13 

1.0012 

.21 

1.0110 

.28 

1.0195 

.35 

1.0305 

.08 

1.0009 

.14 

1.0049 

.22 

1.0121 

.29 

1.0209 

.36 

1.0322 

.07 

L0012 

.15 

1.0056 

.23 

1.0132 

.30 

1.0224 

.37 

1.0341 

.08 

1.0016 

.16 

1.0064 

*  '<  Hydraulics,"  John  Wiley  &  Sons,  New  York,  1886. 

f  If  there  are  end  contractions,  L  here  becomes/  L  —  «  —  ).     See  Art.  14  (m),  p. 

287  a. 

X  This  formula  is  deduced  as  follows :  Let  the  area  of  the  parabolic  segment  a  $  a', 
Fig.  24,  represent  the  theoretical  discharge  over  a  weir  one  foot  long  (as  explained  in 
foot-note  g  p.  267)  under  the  measured  head  H  =  a  a,  as  though  there  were,  no  current 
at  o.  Let  m$  =  h  =  v*-~2g.  The  theoretical  velocities  of  the  particles  passing  the 
oblique  plane  o  a  under  their  actual  heads,  will  now  be  represented  by  horizontal  lines 

•«",  a  a",  etc.,  etc.,  drawn  from  every  point  in  $  a  to  the  outer  curve  s"  a" ;  the  line  s  s" 

representing  v  =  velocity  of  approach  =  Y^gh,  and  a  a"  representing  y2  g  (H  +  A). 
Then,  area  «  «"  a"  a 

2  2 

=  area  m  a"  a —  area  m  9"  *  =  —  area  of  rectangle  an —  area  of  rectangle  t  ft 

3  3 

=  |(h  +  a)^<h>*)--|a|/57a;  =  jr V*I  (•(ffT*7t  -  W ) ; 

and  the  aetnal  discharge  is 
Q»cX  length  of  weir  X  area  f  •"  a"  a  =  cL-|  ^Tg  I  ^(H  +  A)*  —  yTEM 

-  m  L  Y*T(y(B~+W  —  vTt*)  =  *  I*  (yPn1"*!'  —  YE*}. 
I  In  a  weir  without  end  contraction,  D  «=  H  +  py  Fig.  20,  p.  266. 
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Hence 


K  is  very  approximately  =  1  +  -  -  ("K")  • 
=  [3.33  +  0.83  (^)*]  (] 


_«^H*. 


L— lb") 


(14) 


See  Journal  of  the  Franklin  Institute,  Philadelphia,  August,  1884,  from  which 
we  condense  the  above  table. 

(y)  HI.  Basil*.,  Bee  Art.  14  (0),  provides  for  the  velocity  of  approach  by  modl- 

(H  \* 
t>  i » 

while  by  Messrs.  Hunking  and  Hart's  method  (based  upon  Mr.  Francis*  experi- 
ments) to  becomes  =  0.415  -f  0.10  (  n  )  • 

Art.  15.  Inclined  weirs.  If  the  up-stream  face  of  the  weir,  instead 
of  being  vertical,  as  in  Fig.  25,  is  inclined  up-stream,  as  in  Fig.  25  a,  or  down- 
Mtream,  as  in  Fig.  256,  the  character  and  amount  of  the  discharge  are  modified. 
With  an  up-stream  inclination  (Fig.  25a)  the  lower  side  of  the  sheet  of  water 
passing  over  the  weir  leaps  higher,  and  tends  more  and  more  up-etream  as  the 


Fig.  25  a. 
Inclined  np-stream. 


Fig.  25. 
Vertical. 


Fig.  25  b. 
Inclined  down-stream. 


inclination  Is  increased.  With  a  down-stream  inclination  (Fig.  26 ft),  on  the  con- 
trary, as  the  inclination  increased  the  upward  leap  of  the  sheet  decreases,  its 
Srofile  becomes  more  and  more  flattened,  and  the  curve  of  the  upper  surface, 
ue  to  the  fall,  extends  farther  up-stream  from  the  crest  of  the  weir. 
An  up-stream  inclination  (Fig.  25  a)  decreases,  and  a  down-stream  one  (Flo. 
256)  increases,  the  discharge,  as  is  indicated  by  the  following  coefficients  ob- 
tained by  M.  H.  Bazin  :* 

For  the  discharge  over  an  Inclined  weir,  having  ascertained  the 
discharge  over  a  vertical  weir  of  the  same  height  and  head  and  under  similar 
conditions  in  other  respects,  multiply  the  discharge  over  the  vertical  weir  by 
the  following  approximate  coefficients: 


Inclination. 

Angle 

Coef- 

Horizontal. 

Vertical. 

with  hor. 

with  vert. 

ficient. 

f 

1 

40° 

45° 

0.93 

Weirs    inclined  up- J 
stream,  Fig.  25  a....  ] 

* 
i 

60°  iy 

71°  34' 

83°  41' 
18°  26' 

0.94 
0.96 

Vertical  weirs,  Fig  25... 

0 

90° 

0° 

1.06 

* 

i 

71°  34' 

18°  26' 

1.04 

Weirs  inclined  down- 

i 
1 

56°  19* 
45° 

33°  41' 
450 

1.07 
1.10 

> 

2 

26°  34' 

63°  26' 

1.12 

*  "  Experiences  Nouvelles  sur  l'ticoulement  en  Deversoir,"  2e  Article;  "  Annates 
dea  Fonts  et  Chaussees,"  January,  1890,  translated  in  Proceedings,  Emgmteri  dab  of 
*>hikiddpkia,  vol.  ix.,  1802. 


HYDRAULICS.  267/ 

The  discharge  will  be  increased  also  if  the  inner  corner  or  edge  of  the  crest 
be  rounded  off,  instead  of  being  left  sharp ;  or  if  the  sides  of  the  reservoir  con- 
verge more  or  less  as  they  approach  the  weir,  so  as  to  form  wings  for  guiding 
the  water  more  directly  to  it ;  or  if  a  6,  Fig  20,  be  less  than  twice  a  m.  Indeed, 
so  many  modifying  circumstances  exist  to  embarrass  experiments  on  this  and 
similar  subjects  that  some  of  those  which  have  been  made  with  great  care  are 
rendered  inapplicable  as  other  than  tolerable  approximations,  in  consequence 
of  the  neglect  to  take  into  consideration  some  local  peculiarity  which  was  not 
at  the  time  regarded  as  exerting  an  appreciable  effect.  Unless,  therefore,  cir- 
cumstances admit  of  our  combining  all  the  conditions  mentioned  in  Art.  14  (rf), 
(/)  and  (m),  pp.  265,  266  and  267«,  thereby  securing  wry  approximate  .results,  we 
must  either  resort  to  an  actual  measurement  of  the  discharge  in  a  vessel  of 
known  capacity ;  or  else  be  content  with  rules  which  may  lead  to  errors  of  5, 
10,  or  more  per  cent,  in  proportion  as  we  deviate  from  these  conditions.  Fre- 
quently even  10  per  cent,  of  error  may  be  of  little  real  importance. 

Remark  1.  When  the  water,  after  passing  over  a  weir,  Fig.  26,  instead  of  fall- 


"•fft' 


Fig.  26. 

ing  freely  into  the  air,  is  carried  away  by  a  slightly  inclined  apron  or  trough,  T, 
the  floor  of  which  coincides  with  the  crest  a,  of  the  weir,  then  the  discharge  is 
not  appreciably  diminished  thereby  when  the  head  a  in.  is  15  inches  or  more. 
Put  if  the  head  amis  but  1  foot,  then  the  calculated  discharge  must  be  reduced 
about  one-tenth ;  if  6  inches,  two-tenths ;  if  2%  inches,  three-tenths ;  and  if  1 
inch,  five-tenths,  or  one-half,  as  approximations. 

Remark  2.  Professor  Thomson,  of  Dublin,  proposed  the  use  of  triangular 
notches,  or  weirs,  for  measuring  the  discharge ;  inasmuch  as  then  the  periphery 
always  bears  the  same  ratio  to  the  area  of  the  stream  flowing  over  it ;  which  is 
not  the  ease  with  any  other  form.   Experimenting  with  a  right-angled  triangular 

.-•90^—.. 


Fig.  26  A. 

notch  in  thin  sheet-iron,  Fig.  26  A,  with  heads  of  from  2  to  7  inches,  measured 
vertically  from  the  bottom  of  the  notch  to  the  level  surface  of  the  quiet  water,  he 

found  discharge  in  cubic  feet  per  second  =■  .0051  X  v'fifth  power  of  head  in  inches. 

=  2.54  X  y'fifth  power  of  head  in  feet.*  Or,  in  general,  if  m  =  coefficient  of 
contraction  (Art  9,  p.  260),  T  =  tangent  of  half  the  angle  of  the  notch  =  width 
of  water-surface  -*-  the  depth  in  the  notch,  g  =  the  acceleration  of  gravity  =  say 
32.2  feet  per  second,  and  h  =  the  head,  measured  as  above ;  then 

Discharge  =  -^  T  ytgft *  =  4.28  m  T  }/  tf* 
lo 

Remark  3.    In  constructing  the  irrigating  canal,  Canale  Villoresi,  near  Milan, 

in  1881-4,  the  Italian  engineer,  Cesare  Cippoletti,f  adopted  a  trapesoitfal 

4  vertical 

notch*  with  its  bottom  edge  horizontal  and  its  ends  sloping  at  -r-r — : — -:,  in 

*  B  r    °      1  horizontal 

order  to  avoid  the  necessity  of  either  suppressing  or  allowing  for  end  contrac- 
tions. (See  Art.  14  c,  p.  265,  and  tn,  p.  267a.)  The  contraction  was  found  to  affect 
only  the  triangular  spaces  over  the  sloping  ends  of  the  weir,  and  the  effective 
length  of  the  weir  thus  remained  constant  (and  equal  to  the  length  of  the  bot- 
tom edge)  for  all  heads.  In  using  these  weirs  the  contraction  is  complete  along 
the  bottom  as  well  as  at  the  ends. 

*  For  such  roots  see  p.  253. 

1 8ee  his  work,  Canale  Villoresi ;  Modulo  per  la  Dispensa  delta  Aequo,  etc.,  Milan, 
1886;  published  by  Societa  Italiana  per  Condotte  d'Acqua.  Results  summarized  by 
L.  Q.  Carpenter,  in  Bulletin  No.  13,  Agricultural  Experiment  Station,  Fort  Collins, 
Colorado,  October,  1890. 
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ON  THE  FLOW  OF  WATER  IN  OPEN  CHANNELS. 

Art.  16.    The  mean  Telocity  of  flow  is  an  imaginary  uniform  one, 

which,  if  given  to  the  water  at  every  point  iu  the  cross  section,  would  give  the 

tame  discharge  that  the  actual  ununiform  one  does.    Or 

volume  of  discharge 
mean  velocity  = £- 

area  of  cross  section 
In  channels  of  uniform  cross  section,  the  maximum  velocity  is  found 
about  midway  between  the  two  banks,  and  generally  at  some  dist  below  the  sur- 
face. Tiiis  dist  varies  in  diff  streams;  but,  as  an  average,  it  seems  to  be  about 
one  third  of  the  total  depth.  Where  the  total  depth  is  great  in  proportion  to 
the  width,' (say  i  the  width  or  more),  the  max  vel  has  been  found  as  deep  as 
midway  between  surf  and  bottom ;  while  in  small  shallow  streams  it  appears  to 
approach  the  surf  to  within  from  .1  to  .2  of  the  total  depth.  Mauy  experiments 
upon  shallow  streams  have  indeed  indicated  that  the  max  vel  was  at  the  surf. 

The  ratio  between  the  velocities  in  different  parte  of  the 
cross  section  varies  greatly  in  diff  streams;  so  that  but  little  dependence 
can  be  placed  upon  rules  for  obtaining  one  from  the  other.  With  the  same  surf 
vei,  wide  and  deep  streams  have  greater  mean  and  bottom  vels  than  small  shal- 
low ones.  Iu  order  to  approximate  roughly  to  the  mean  vel  wheu 
the  greatest  surf  vel  is  given,  it  is  frequently  assumed  that  the  former  is  =  | 
(or  .8)  of  the  latter.  But  Mr.  Francis  found,  iu  his  experiments  at  Lowell,  that 
surface  floats  of  wax,  2  ins  diam,  floating  down  the  center  of  a  rectangular  flume 
10  ft  wide,  and  8  ft  deep,  actually  moved  about  6  per  cent  slower  than  a  tin  tube 

2  ins  diam,  reaching  from  a  few  ins  above  the  surf,  down  to  within  1J  ins  of  the 
bottom  of  the  flume;  and  loaded  at  bottom  with  lead,  to  insure  its  maintaining 
a  nearly  vert  position.  While  the  wax  surf  float  moved  at  the  rate  of  3.73  ft  per 
sec,  the  rate  of  the  tube  (which  was  evidently  very  nearly  the  same  as  that  of 
the  center  vert  thread  of  water)  was  3.98  ft  per  sec.  Also,  that  in  the  same  flume, 
with  vels  of  the  center  tube  varying  from  1.55  to  4  ft  per  sec,  the  vel  of  the  tube 
was  less  than  that  of  the  mean  vel  of  the  entire  cross  section  of  water  in  the 
flume,  about  as  ,96  to  1,  for  the  lesser  vel:  and  .93  to  1  for  the  greater  vel. 
While,  in  another  rectangular  flume  20  ft  wide  and  8  ft  deep,  with  vels  varying 
from  1.16  to  1.84  ft  per  sec,  that  of  the  tubes  was  greater  than  that  of  the  entire 
mass  of  water,  about  as  1.04  to  1.  In  a  flume  29  It  wide,  by  8.1  ft  deep,  with  vels 
of  about  3  ft  per  sec,  it  was  as  1  to  .9;  and  in  a  flume  36}  ft  wide,  by  8.4  ft  deep, 
with  vels  of  about  3£  ft  per  sec,  as  1  to  .97. 

Charles  Ellet,  Jr,  €  E,  found  in  the  Mississippi  "at  diff  points 
on  the  river,  in  depths  varying  from  54  to  100  ft ;  and  in  currents  varying  from 

3  to  7  miles  an  hour  that  the  speed  of  a  float  supporting  a  line  50  ft  long,  is  al- 
most always  greater  than  that  of  the  surf  float  alone.11  The  same  results  were 
obtained  with  lines  25  and  75  ft  long;  the  excess  of  the  speed  of  the  line  floats 
being  about  2  per  cent  over  that  of  the  simple  floats:  and  Mr.  Ellet  concludes, 
therefore,  that  the  mean  vel  of  the  entire  cross  section  of  the  Mississippi,  instead 
of  being  less,  is  absolutely  greater  by  about  2  per  cent,  than  the  mean  surf  vel. 
He,  however,  employed  .8  of  the  greatest  surf  vel  as  representing  approximately, 
In  his  opinion,  the  mean  vel  of  the  entire  cross  section  of  water.  In  shallow 
streams,  lie  always  found  the  surf  float  to  travel  more  rapidly  than  a  line  float. 

European  trials  of  the  mean  vel  of  separate  single  verticals,  in  tolerably  deep 
rivers,  nave  resulted  iu  from  .85  to  .96  of  the  surf  vel  at  each  vertical.  The  mean 
of  all  may  be  taken  at  .9. 

Bottom  velocity.    In  streams  of  nearly  uniform  slope  and  cross  section, 

there  is  a  great  reduction  of  vel  near  the  bottom.  As  a  very  rough  approxima- 
tion, the  deepest  measurable  vel,  in  streams  of  uniform  slope  etc,  appears  to  be 
from  \  to  |  of  the  mean  vel.    But  see  rems  on  "scour  ",  p  279/. 

Art.  17.  To  measure  the  surface  velocity,  select  a  place  where 
the  stream  is  for  some  dist  (the  longer  the  better)  of  tolerably  uniform  cross 
section ;  and  free  from  counter-currents,  slack  water,  eddies,  rapids,  etc  Ob- 
serve, by  a  seconds-watch, or  pendulum,  how  long  a  time  afloat  (such  as  a  small 
block  of  wood)  placed  in  the  swiftest  part  of  the  current,  occupies  in  passing 
through  some  previously  measured  dist.  From  50  feet  for  slow  rtreams,  to  150ft 
for  rapid  ones,  will  answer  very  well.  This  dist  in  ft,  or  ins,  div  by  the  entire 
number  of  seconds  reqd  by  the  float  to  traverse  It,  will  give  the  greatest  surf  vel 
in  ft  or  ins  per  sec. 

The  surf  vel  should  he  measd  in  perfectly  calm  weather, 

so  that  the  float  may  not  be  disturbed  by  wind  ;  and,  for  the  same  reason,  the 
float  should  not  project  much  above  the  water.    The  measurement  should  be 
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repeated  several  times  to  iosure  accuracy.  In  very  small  streams,  the  banks 
and  bed  may  be  trimmed  for  a  abort  dial,  so  as  to  present  a  uniform  channel- 
way.  Tbe  float  should  be  placed  in  the  water  a  little  dist  above  the  point  for 
commencing  the  observation ;  so  that  it  may  acquire  the  full  vel  of  the  water, 
before  reaching  that  point.    • 


Art.   18.     To  garage  a 

by  meant  of  ita  velocity.  Select 
a  place  where  the  cross-section  ri  mains,  for 
a  shot  distance,  tolerably  uniform,  and 
free  from  counter-currents,  eddies,  still 
water,  or  other  irregularities.  I'repare  a 
careful  cross-section,  as  Fig.  27.  By  meauN 
of  poles,  or  buoys,  «,  *,  divide  the  stream  into  sections,  a,  b,  c,  Ac.  Plant  two  range- 
poles,  R.  R,  at  the  upper  end,  and  two  others  at  the  lower  end,  of  the  distance 
through  which  the  floats  are  to  pass;  f«»r  observingby  a  seconds  watch,  or  a  pendu- 
lum, the  time  which  they  occupy  in  the  passage.  Then  measure  the  mean  velocity  of 
each  section  a.b,c,  Ac,  separately,  and  directly,  by  means  of  long  floats,  as  i  L, 
reaching  to  near  the  bottom :  and  projecting  a  Utile  above  the  surface.  Tbe  floats  may 
be  tin  tubes,  or  wooden  rods ;  weighted  in  either  case,  at  the  lower  end,  until  they 
will  float  nearly  vertical.  They  must  be  of  different  lengths  to  soft  the  depths  of 
the  different  sections.  For  this  purpose  the  float  may  be  made  in  pieces,  with  screw- 
joints.  The  area  of  each  separate  sect'on  of  the  strtam  in  r-qnare  feet,  being  mult  - 
plied  by  the  observed  mean  velocity  of  its  water  in  feet  per  second,  will  give  the 
discharge  of  tliat  section  in  cubic  feet  per  second.  And  lhe  discharges  of  all  the 
separate  sections  thus  obtained,  wheu  adied  together,  will  give  the  total  discharge 
of  tbe  stream.  And  this  total  discharge,  divided  by  the  entire  area  of  cross-section 
of  the  stream  in  square  feet,  gives  the  mean  velocity  of  all  the  water  of  the  stream, 
in  feet  per  second. 


Rem.  If  the  channel  is  In  common  earth,  especially  if  sandy, 
the  loss  bysoakage  into  the  soli,  and  by  evaporation,  will  frequently  abstract  so 
much  water  that  the  diach  will  gradually  lecome  less  and  less,  the  farther  down 
stream  it  is  measured.  Long  cauai  feeders  thus  generally  deliver  into  the  canal 
but  a  small  proportion  of  the  water  that  enters  their  upper  ends. 

The  double  float  is  used  for  ascertaining  vels  at  diff  depths.  It  consists 
of  a  float  resting  upon  the  surface  of  the  water,  and  of  a  heavier  body,  or  u  lower 
float",  which  1b  suspended  from  the  upper  float  by  means  of  a  cord.'  The  depth 
of  the  lower  float  of  course  depends  upon  tbe  length  of  the  suspending  cord 
(which  may  be  increased  or  diminished  at  pleasure  until  the  lower  float  is  l«- 
lieved  to  be  at  that  depth  for  which  the  vel  is  wanted),  and  upon  its  straight- 
ness,  which  is  more  or  less  affected  by  the  current.  Owing  to  this  latter  circum- 
stance, it  is  difficult  to  know  whether  tbe  lower  float  is  really  at  the  proper 
depth.  Moreover  it  is  uncertain  to  what  extent  the  two  floats  and  the  string 
interfere  with  one  another's  motions.  In  deep  water  the  string  may  oppose  a 
greater  area  to  the  current  than  the  lower  float  itself  does.  It  thus  becomes 
douMful  to  what  extent  the  vel  of  the  upper  float  can  be  relied  upon  as  Indicat- 
ing that  of  the  water  at  the  deptti  of  the  lower  one. 

Art.  19.  Eastern's  quadrant,  or  hydrometrlc  pendulum, 

consisted  of  a  metallic  ball  suspended  by  a  thread  from  the  center  of  a  graduated 
arc.  The  instrument  was  placed  in  the  current,  with  the  arc  parallel  to  the 
direction  of  flow;  and  the  vel  was  then  calculated  from  the  angle  formed  be- 
tween the  thread  aud  a  vert  line. 

Oauthey's  pressure  plate  was  a  sh°et  of  metal  suspended  i>yoneof  its 
ends,  about  which  it  was  left  free  to  swing.  The  plate  was  immersed  in  the 
stream,  with  ita  face  at  right  angles  to  the  current.  The  vel  was  estimated  by 
means  of  the  weight  required  to  make  the  plate  hang  vert  in  opposition  to  the 
force  of  the  current. 

Pitotfs  tube  was  originally  a  simple  glass  tube,  Fig.  27  A,  open 
at  both  ends  and  bent  in  the  shape  of  the  letter  L.  One  leg  of  the 
L  was  held  horizontal  under  water,  with  its  open  end  facing  the 
current ;  and  the  velocity  v  at  the  point  o  where  it  was  placed  was 

measured  by  the  vertical  height  h  (theoretically  =  —  1  to  which 

the  water  rose  in  the  other  leg  above  the  surface  of  the  stream.     *^&  **A 


HYDRAULICS. 


r  M.  DarcT  ud  by  Prof.  N.  W.  ] 

rudely  indicated  in  Fig.  27  B,  Fltot's  1 
tlsllv  ul  ton  hori  rental  glass  or  metal 


A*  developed  by  ST.  Darey  ud  by  Pror.  H.  W.  Rwblnmtn,*  and 

>-'■•  '—"" ' '■■  >-■■-  '••  "  «•-•■-  tube  consists  esscn- 

end,  and  has  email  low™/  openings  only.  The  other  end 
of  each  tube  communicates,  by  tueai>a  of  small  metal  or 
rubber  piping,  with  one  leg  of  an  inverted  U-shaped  glass 

r   two  flexible  pipes  may  be  joined  together  into  one  double 
-   pipe.    By  sucking  through  a  stop-cock  T  at  the  top,  water 

Its  drawn  up  to  any  convenient  height  in  the  two  legs  of 
the  gauge.  When  there  is  no  current,  the  two  columns  of 
|  course  stand  at  the  same  height;  hut  In  acurrent,  the  dif- 
'   Terence  A  In  their  heights  is  such  that.*  —  fig~h,  no  cor 

In  practice,  a  and  b  are  died  together  in  one  piece,  and  placed,  when  In  me, 
In  a  metal  frame  which  slides  vertically,  either  upon  a  wire  passing  through  it 
and  provided  frith  a  plummet  which  rests  upon  the  bottom  and  keeps  the  wire 
stretched,  or  fin  streams  shallower  than  about  20  feet!  upon  a  vertical  wooden 
rod,  the  lower  end  of  which  holds  In  the  bed  of  the  stream.  In  the  former  case. 
the  frame  is  provided  with  a  Ion 

13v  making  the  gauge  scale  adjustable  vertically,  and  placingit  (at  each  change 
obv  ate  the  nee  I  n  hen  na  at  each  reading  - 

Art.  SO.    The  wheel  meter  consists  of  a  wheel  which  is  turned  be  the 


instant  it  Is  thrown  out  of  gear),  and  carefully  noting  the  times  when  he  does 
so.  The  instrument  Is  then  raised,  the  number  of  revolutions  In  the  measured 
time  is  read  off  from  the  Indices,  and  from  it  the  velocity  is  calculated.  Hut  the 
meter  Is  often  hiade  self- reflate  ring ;  the  wheel,  at  each  reioluttoa,  aim. 
matically  breaking  and  re-establishing  a  galvanic  current  generated  by  a  bat. 
tery.    The  wire  carrying  ibis  current  is  thus  made  to  operate  Morse  telegraphic 

A  number  of  meters,  so  arranged,  can  be  attached  at  different  points  on  the 
same  pole  at  the  same  time,  and  thus  aYlmiiltaiieous  observations  of 
velocities  at  different  depth*  may  be  made  and  registered. 

Wheel  meter*  are  made  by  Messrs.  Buff  A  Berger,  Sp-  *  Province 
Court  Beaton,  The  prices  range-  approximately  from  KIM  to  K2S  each.  Most 
of  their  meters  aTe  so  arranged  that  they  can  freely  swing  horizontally  about  the 
long  rerUOU  pout  tg  wbJou  they  are  clamped,  and  are  provided  each  with  a  vane 


an  regard"  the  c'irrer 

set  at  such  an  angle  as  to  present  a  eloping  surface  to 
i  the  ails  of  the  wheel  parallel  tu  the  direction  of  flow. 

mill;  ie..  with  blad. 

The  axis  runs  in  aga 

te  bearings.    When  desired,  the  rim  of  the  wheel  is  fur- 

nishedwlthaBalr*b 

amber,  which  Just  counterbalances  the  weight  of  the  wheel, 
rual  friction  due  to  It.    Meiers  provided  with  electrical 

t  them  from  becoming  clogged  by  weeds,  sediment,  etc. 

A  wheel  meter 

In  rated  by  moving  It  at  a  known  velocity  through  still 

urn  multiplied  by  the  number  of  revolutions  recorded  in 

any  given  case,  gives 

the  velocity  for  that  case. 
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Art.  21.  Kutter's  formula  for  the  mean  vel  of  water  flowing  in  open 
channels  of  uniform  cross  section  and  slope  throughout. 

Caution.  The  use  of  all  such  formula)  is  liable  to  error  arising  from  the 
difficulty  of  ascertaining  the  exact  condition  of  the  stream  as  regards  roughness 
of  bed,  surface  slope,*  etc. 

Rem.  l.  Care  mast  be  taken  that  the  bottom  vel  is  not  so 
great  as  to  wear  away  the  soil.  If  there  is  any  such  danger  artificial 
means  must  be  applied  to  protect  the  chauuel-way ;  or  it  mar  be  advisable  to 
reduce  the  rate  of  fall,  and  increase  the  cross  sec  i  ion  of  the  channel ;  so  as  to 
secure  the  sa.ua e  disch,  but  with  less  vel.  A  literal  increase  should  also  be  made 
in  the  dimensions  of  such  channels,  to  compensate  for  obstructions  to  the  flow, 
arising  from  the  growth  of  aquatic  plants,  or  deposits  of  mud  from  rain- 
washes,  etc ;  or  even  from  very  strong  winds  blowing  against  the  current.  See 
also  Reui,  p  269. 

Bbm.  2.  Water  running  in  a  channel  with  a  horizontal  bed, 
or  bottom,  eannot  have  a  uniform  vel,  or  depth,  through- 
out its  course;  because  the  action  of  gravity  due  to  the  inclined  plane  of  a 
sloping  bottom,  is  wanting  in  ibis  case ;  and  the  water  can  flow  only  by  forming 
its  surface  into  an  iuclined  plane;  which  evidently  involves  a  diminution  of 
depth  at  every  successive  diet  from  the  reservoir. 


Fiq.  29. 


Theory  of  flow.  It  is  generally  held  that  the  resistances  to  the  flow  of 
water  in  a  pipe  or  channel  are  directly  proportional  to  the  area  of  the  bed  sur- 
face with  which  the  water  comes  in  contact  (t  e,  to  the  product  of  the  "wetted 
perimeter"  as  abco  Figs  28,  29,  30  mult  by  the  length  of  the  channel,  or  of  the 
portion  of  it  under  consideration) ;  and  to  the  square  of  the  vel  of  the  flowing 
water;  and,  inasmuch  as  the  resistance  at  any  giveu  point  in  the  cross  section 
appears  to  be  inversely  as  the  dist  of  that  point  from  the  bottom  or  sides,  we 
conclude  that  the  total  resistances  pre  inversely  as  the  area  of  the  cross  section ; 
because  the  greater  that  area,  the  greater  would  be  the  mean  dist  of  all  the  par- 
ticles from  the  bottom  and  sides.  (The  resistance  is  independent  of  the  pressure. 
Bee  p  914c.) 

In  short,  the  resistances  are  assumed  to  be  in  proportion  to 

vel*  X  wet  perimeter  X  length  v*pl 

■  ■■ : or      - — — 

area  of  cross  section  '     a 

and  the  head  A"  in  feet  or  in  metres  etc,  required  to  overcome  those  resist- 
ances, is 

resistance      a  coefficient ■  v ,  vel*  X  wet  perimeter  X  length  .„      *&pl 

neaa  Q  area  of  wet  cross  section  a 

from  which  we  have 


-VIft  -  —  V-f  *V 


—  /   area  of  wet       resistce 

1    v ,  •%  I  cross  section        head 

-C-*  \  wet  perimeter  XTe^th 


*  "  In  measuring  the  slope  of  a  large  river,  the  ordinary  errors  of  the  most  careful  leveling  are  a 
large  proportion  of  the  whole  full ;  the  variation  of  level  in  the  oross  section  of  the  surface  is  often  as 
great  as  the  slope  for  ten  miles  or  more ;  the  exact  point  where  the  level  should  be  taken  is  often 
uncertain :  the  rise  and  fnll  of  the  water  makes  it  extremely  difficult  to  decide  when  the  levels  should 
he  taken  st  the  upper  and  lower  points  ;  waves  of  translation  may  affect  the  inclination  to  a  great 
and  uncertain  degree,  and  may  even  make  the  sarfaoe  slope  the  reverse  wav."  Genl  T.  G.  Ellis, 
Trans  Am  Soo  Civ  Kngrs,  Aug  1877. 
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area  of  wet  cross  section  a        .   ,*     uv  j      n        j.     « 

But  : or       —       is  the  "hydraulic  radius"  oi 

wet  perimeter  p 

"  mean  depth  "  or  *«  mean  radius,"  R,  of  the  cross  section ; 

and        resistance  head       Qr  W         Jb  tQe  iuclinatIon  or  slopet  s    /fre. 

length  I 

quently  denoted  by  "I")  of  the  hydraulic  grade  line,  p  240,  or  the  sine  of  the 
angle  tvso  Fig  1£,  p  240.  In  open  channels,  it  is  =  the  fall  of  the  surface  per 
unit  of  length. 

We  therefore  have  velocity  =s=  -v-^-  X  V/,ueau  radius  X  slope 

or,  by  using  a  coeff  (c)  =  \~7r» 

velocity  =  coefficient  c  X  \/me&u  radius  X  slope 

or       v  =*  c  i/yR~8 

The  earlier  hydraulicians  gave  (each  according  to  the  results  of  his  investiga- 
tions) fixed  values  for  the  coeff" c,  (generally  about  95  to  100  for  channels 
in  earth  or  gravel,  as  in  our  early  editions),  making  it,  in  other  words,  a  con- 
stant, and  independent  of  the  shape,  size,  slope  and  roughness  of  the  channel. 
But  more  recent  investigators  have  shown  that  the  coefficient  c  is  affected  by 
differences  in  any  of  these  particulars. 

According  to  the  formula  of  (ianguillet  and  Kutter  (generally  called,  for  con- 
venience, "Kutter's  formula    *)  the  value  of  c  is: 

For  English  measure.  For  metric  measure. 


C     = 


i1fi,    -00281         1.811  „   ,  .00155       1 1 

41.6  + 23  +  -z \-  — 

slope n  slope        n 

l/mean  rad  in  feet  v/mean  ™&  in  metre* 

Tables  giving  values  of  c  for  cliff  grades,  mean  radii  and  degrees  of 
roughness,  and  for  English  and  metric  measures,  are  given  on  pp  275  etc. 

Here  n  is  a  "coefficient  of  rouehness"  of  sides  of  channel  as  given 
below.  These  values  of  n  were  obtained  from  experience,  by  averaging  a  large 
number  of  experiments  made  under  very  different  circumstances.  They  there- 
fore embrace  all  the  disturbing  effects  arising  from  obstructions  existing  upon 
the  bottom  and  sides  of  the  channel  in  the  cases  experimented  upon.  In  small 
artificial  channels  of  Uniform  cross  section  and  slope,  these  obstructions  may  be 
said  to  consist  entirely  of  the  comparatively  minute  roughnesses  of  the  material 
of  which  the  bed  of  the  channel  consists.  But  in  rivers  and  earth  canals,  even 
where  the  general  direction,  slope  and  cross  section  are  tolerably  uniform,  (as 
they  were  in  the  cases  upon  which  our  list  is  based),  there  are  still  many  con- 
siderable irregularities  in  the  sides  and  bottom ;  and  these  exert  a  muoh  greater 
retarding  effect  upon  the  mean  vel  than  the  mere  roughne**  of  the  material  of 
the  banks.  We  therefore  find  larger  values  given  for  n  in  such  cases  than  for 
small  regular  artificial  channels,  although  the  material  of  the  sides  etc  was  in 
many  cases  smooth  mud;  and  we  must  not  apply  to  such  comparatively  irregu- 
lar channels,  the  small  values  of  n  obtained  by  experiments  with  small  and  care- 
fully made  straight  flumes  of  uniform  section  and  slope,  even  if  we  suppose  the 
bottom  and  sides  of  the  former  to  be  made  as  smooth  as  those  of  the  latter. 

No  general  formula  is  applicable  to  cases  of  decided  bends  in  the  course 
of  a  natural  stream,  or  of  marked  irregularities  in  the  cross  sec- 
tion. Such  cases  would  require  still  higher  coefficients n than  those  here  given 
for  rivers  and  canals :  but  they  would  have  to  be  ascertained  by  experiment  for 
each  case,  and  would  be  useless  for  other  cases.  For  such  streams  we  must  there- 
fore depend  upon  actual  measurements  of  the  velocity,  either  direct  or  by  means 
of  the  disch. 


*  See  "  Flow  of  Water,"  translated  from  (ianguillet  and  Kutter,  by  Rudolph 
Hering  and  John  C.  Trautwine,  Jr.,  New  Yorfc,  John  Wiley  4  Sou«,  18*9.  fl.00. 
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There  is  much  room  Tor  the  exercise  of  judgment  in  the  selection  of  the 
proper  coefficient  n  for  any  given  case,  even  where  the  condition  of  the 
channel  is  well  known.  It  may  frequently  be  necessary  to  use  values  of  n  inter- 
mediate between  those  given ;  for  careless  brickwork  may  be  rougher  than  well 
finished  rubble;  side  slopes  in  "very  firm  gravel  "  may  have  very  diff  degrees 
of  roughness;  etc  etc.  The  engineer  should  make  lists  of  values  of  n  from  his 
,  own  experience,  fully  noting  t  he  peculiarities  of  each  case,  and  calculating  » 
from  the  tabfea,  pp  275  etc,  as  directed. 

A  given  diff  in  the  deg  n  of  roughness  exerts  a  much  greater  effect  upon  the 
coefficient  c,  and  thus  upon  the  velocity,  in  small  channels  than  in  larger  ones. 
It  is  therefore  especially  necessary  in  small  channels  that  cart  be  exercised  in 
finding  (by  experiment  if  necessary)  the  proper  value  of  «;  and,  where  a  large 
iisch  is  desired,  the  sides  of  small  channels  should  be  made  particularly  smooth. 

Table  of  n,  or  coefficient  of  roughness* 

lit  any  given  case  the  value  of  n  Is  the  same  whether  the  mean 
radius  is  given  in  English,  metric  or  any  other  measure. 


Artificial  channels  of  uniform  cross  section* 


Sides  and  bottom  of  channel  lined  with  n  = 

well  planed  timber - .009 

neat  cement*  (applies  also  to  glazed  pipes  and  very  smooth  iron  pipesk  .010 
plaster  of  1  measure  of  sand  to  3  of  cement;*  (or  smooth  iron  pipes).  .011 

.unplaned  timber  (applies  also  to  ordinary  iron  pipes).. 012 

ashlar  or  brickwork „»,.....„.... „....,_.......... 013 

rubble - — *0I7 


Channels  subject  to  irregularity  of  cross  section. 

Canals  in  very  firm  gravel. ~ .020 

Canals  and  rivers  of  tolerably  uniform  cross  section,  slope  and  direction, 
in  moderately  good  order  and  regimen,  and  free  from  stones  and 

having  stones  and  weeds  occasionally MM .030 

in  bad  order  and  regimen,  overgrown  with  vegetation,  and  strewn 
with  stones  and  detritus. - ~~ .035 

fi|H  ffU'Wd 

Art.  22.  The  Hjow^sg  tables  give  values  of  the  coefficient 

C  as  obtained  by  Eows  formula  for  diff  slopes  (8)  mean  radii  (R).and  degrees 
of  roughness  (»).f      ^•••«1- 

Caution.  Different  values  of  e  must  be  used  with  English  and  with  metric 
measures.    We  give  tables  for  both  measures. 

1st.  Having  the  slope  S,  the  mean  rad  R  and  the  deg  n  of  roughness;  to 
find  the  eoeflTc.  Turn  to  the  division  of  the  table  corresponding  to  the 
friven  slope  S.  In  the  first  column  find  the  given  mean  rad,  R.  In  the  same 
line  with  this  R,  and  under  the  given  n,  is  the  proper  value  of  c.f 

2d.    Having  the  slope  S,  the  mean  rad  R  and  either  c  or  the  actual  or  roqd 

vel  v;  to  find  the  actual,  or  the  greatest  permissible,  deg  n  of 

roughness  of  channel.    If  the  vel  is  given,  and  not  c,  first  find 

velocity 
e  =     -- — ■ — -.   Turn  to  the  division  of  the  table  corresponding  to 

1/sIope  X  mean  radius 

the  given  8,  and  in  the  first  col  find  the  given  R.    In  the  same  line  find  the 

value  given,  or  just  obtained,  for  c;  over  which  will  be  found  the  reqd  w.f 

3d.  Having  the  slope  S,  the  deg  n  of  roughness,  and  the  actual  or  required 
vel  tr;  to  find  the  actual  or  necessary  mean  raid.  R.  Assume  a 
mean  rad ;  and  from  the  division  of  the  table  corresponding  to  the  given  S  take 
out  the  value  of  e  corresponding  to  the  given  »  and  the  assumed  R.    Then  say 

t/  =  CBO  found  X  l/asaumed  mean  nulius  X  slope 


•  For  experiment*  on  abrasion  of  cements,  me  p  678. 

tit  ia  often  necessary  to  Interpolate  value*  of  S.  R,  n  and  e  intermediate  of  those  in  tbe  tabic*, 
uus  may  be  done  mentally  by  simple  proportion. 
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If  this  v*  is  the  same  as  the  given  vel,  or  near  enough  to  it,  take  the  assumed  R 
as  the  proper  one.  Otherwise,  repeat  the  whole  process,  assuming  a  new  R, 
greater  than  the  former  one  if  v  is  less  than  the  given  vel,  and  vice  versa.* 

4th.  Having  the  dimensions  of  the  wetted  portion  (abco  Figs  28,  29,  30,)  of 
the  channel,  the  degn  of  roughness,  and  the  actual  or  read  vel ;  to  find  the 
actual  or  necessary  slope,  S : 


Find  the  mean  rad,  R  = 


area  of  wet  cross  section 


length,  abco,  of  wet  perimeter 


Assume  one  of  the  four  slopes  of  the  tables  to  be  the  proper  one.  From  the 
2or  respond  ins  division  of  the  table  take  out  the  value  or  c  corresponding  to  the 
given  R  and  n. 

If  R  is  3.28  feet,  or  1  metre,  the  value  of  e  thus  found  is  the  proper  one  (Ue- 
cause  then  c,  for  any  given  n,  remains  the  same  for  all  slopes) ;  and  the  slope,  S, 
may  be  found  at  once,  thus: 

\c  X  l/mean  radius/ 
But  if  R  is  greater  or  less  than  8.28  feet,  or  1  metre,  say 

v*  =  c  thus  found  X  l/mean  radius  X  assumed  slope 

If  this  v*  is  near  enough  to  the  given  vel.  take  the  assumed  8  as  the  proper  one. 
Otherwise,  assume  a  new  8,  greater  than  the  former  one  if  v*  is  fas*  than  the  given 
vel,  and  vice  versa;  and  repeat  the  whole  process.* 

•  It  to  often  necessary  to  Interpolate  rallies  of  S,  B,  »  and  c  Intermediate  of  those  la  the  tables, 
This  may  be  done  mentally  by  simple  proportion. 
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.010 
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53 
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14 

.2 
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97 

87 

78 

70 

59 

51 

42 

32 

26 

22 

19 

.4 

.6 
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90 

81 

69 

60 

49 

88 

31 

26 

22 

.6 
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.8 
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99 

90 
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1 
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88 

72 

60 

47 

88 

82 

28 

I 
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55 
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88 
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3 
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For  slopes  steeper  than  .©1  per  unit  of  length.  =  1  in  100,  the  ee- 
efflcienl  e  remains  practically  the  same  as  at  that  slope.    Toe  velocity,  however, 

being  =  cX  1/mean  radius X slope,  continues  to  increase  as  the  slope  becomes 
steeper. 

To  eonstrnet  a  diagram,  fig  30  A,  from  which  the  walnea  given 
by  K  otter's  formula  may  be  taken  by  inspection. 

Draw  xz  lior,  and  say  from  2  to  4  ft  long;  and  oy  vert  at  any  point  o  within 
say  the  middle  third  of  xz.  On  oy  lay  off,  as  shown  on  the  left,  the  values  of  e 
for  which  the  diagram  will  probably  be  used.  If  a  scale  of  .05  inch,  or  .0*2 
metre,  per  uuit  of  c  be  used,  and  be  made  to  include  e  —  250  for  English  meas- 
ure, or  150  for  metric  measure,  oy  will  be  about  1  ft  long.  For  the  sake  of 
clearness  we  show  only  the  larger  divisions  in  this  and  in  what  follows. 

On  oar  lay  off,  as  shown  on  its  upper  side,  the  square  roots  of  all  the  values  of 
the  mean  rad  R  for  which  the  diagram  is  to  be  used.  One  inch  per  ft,  or  .06 
metre  per  metre,  of  sq  rt,  is  a  convenient  scale.  Mark  the  dividing  points  with 
the  respective  values  of  the  mean  radii  themselves. 

Having  decided  upon  the  flattest  slope  to  be  embraced  in  the  diagram,  amy 


tr— 41.6  + 


.0028 


flattest  slope  per  unit  of  length 


4or  English  measure. 
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-  (orEngli«h  measure;  or  y  — w- 

suf  y  —  to,  sdilH'.  thus  obtaining' 


nine  Eogllih  meuare)  w  —  41.t»  +  jjg^— 41.6  +  ill  — 153.1 
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and         y  —  181.1  +  153.6,       90.5  +  153.6,       60.4  +  163.6      and     45.3  +  153.5; 

or  334.7,  244.1, 214.0  aud  198.9  respectively.    Lay  off  these  values  of  y  on  oy  in 
peucil,  as  at  y,  y\  y",  and  y"\  using  the  scale  already  laid  off  for  e  on  oy. 

From  each  point-,  y,  y'  etc,  draw  a  hor  pencil  line  yt,  y't'  etc,  and  mark  on  it, 
in  pencil,  the  value  of  n  used  in  determining  its  height  oy  etc. 

Next  say  x  —  w  X  greatest  value  of  n.  Make  o  x  —  a;  by  the  scale  of  sq  rU  of  R 
on  o  z.  In  our  case  ox=~  153.6  X  .04  —  6.144  by  the  scale  of  sq  rts  of  R,  or  —  6.144s 
—  37.75  by  the  scale  of  R. 

Divide  ox  into  as  many  equal  spaces  (4  in  our  case)  as  .01  is  contained  in 
greatest  n.    Mark  the  dividing  points  with  the  values  of  n,  as  in  our  Fig. 

From  each  dividing  mark  on  ox  erect  a  perpendicular,  (x?"  etc)  in  pencil,  to 
cut  that  hor  line  {y"'t,ff  etc)  which  corresponds  to  the  same  value  of  n.  The 
intersections  are  points  in  a  hyperbola.  Join  them  by  straight  lines  t"'t"y  #"f*, 
/'/etc. 

From  r  in  oar  (corresponding  to  a  mean  rad  of  3.28  ft,  or  1  metre)  draw  radial 
lines,  r t,  rt\  rt"  etc.  Mark  them  " n  —  .01 ",  "  n  —  .02 "  etc,  the  same  as  their 
corresponding  lines  yt,  y't'  etc. 

For  eacli  slope  (S)  to  be  used  in  the  diagram  (except  the  flattest,  for  which 
this  has  already  been  done)  say 

(AAAA    \ 
41.6  + '-. —  j  X  greatest  n,    for  English  measure. 

(00155  \ 
23  +  — j  X  greatest »,    for  metric  measure. 

Thus,  our  slopes  are  =  .000025,  .00005,  .0001  and  .0%  per  unit  of  length.    Hence, 


"'-  (41. 


6  +  -^)  X  .04  -  1.675, 


Lay  off  each  value  of  a/,  x"  etc  from  ay  on  a  separate  hor  pencil  line  o'xf  etc, 
using  the  scale  of  sq  ris  of  R  as  an  oz. 

Mark  each  line  o'v  etc  in  pencil  wiih  the  slope  used  in  fixing  its  length. 

Divide  each  dist  o'a/eto  into  the  same  number  of  equal  parts  as  ox.  From 
the  dividing  points  (which,  like  those  of  oz,  represent  the  values  of  n)  erect  perps 
to  cut  the  radial  lines  rt",  rl"  etc,  each  perp  cutting  that  radial  line  which  cor- 
responds to  the  value  of  n  represented  by  the  point  at  the  foot  of  the  perp.  The 
intersections  corresponding  to  each  line  o* x*  etc  form  a  hyperbolic  curve.  Mark 
each  curve  with  the  slope  of  its  corresponding  line,  oz,  o'v  etc. 

The  drawing  is  now  in  the  shape  proposed  by  Mess  Ganguillet  and  Eutter,and 
is  ready  for  use  in  finding  either  0,  n.KorS  when  the  other  three  are  given. 
Thus: 

1st.  Having  R,  S  and  n,  to  find  c.  For  example  let  R  =■  20  ft,  S  —  .00005, 
n  —  .03.  From  the  intersection  d  of  slope  curve  .00005  and  radial  line  n  —  .03, 
draw*d-20  to  the  point  (20)  in  oz  corresponding  to  the  given  R.  At  6,  where 
d-20  cuts  oy,  is  the  reqd  c,  =-  96  in  this  case. 

2d.  Having  R,  8  and  c,  to  find  n.  For  example  let  R  =  20  ft,  S  =  .00005, 
c  =  96.  Through  the  points  R  =  20  in  oz,  and  c  =  96  in  oy,  draw*  d-20  to  cut 
curve  .00005.  n  (=  .03)  is  found  by  means  of  the  radial  lines  nearest  to  the  in- 
tersection, d. 

3d.  Having  8,  n  and  c,  to  find  R.  For  example  let  8  =  .00005,  n  =  .03. 
c  =  96.  Find  curve  .00005  and  radial  line  n  =  .03.  From  their  intersection  a 
draw  d-20  through  the  point  e showing  c  =  96.  Its  intersection  with  oz  shows 
the  reqd  R,  20  in  this  case. 

•  Instead  of  drawing  these  lines,  we  may  use  a  fine  black  thread  with  a  loop  at  one  end.  Drive  a 
needle  either  Into  one  of  the  points  R  or  into  one  of  the  intersection*,  d  etc.  Slip  the  loop  over  the 
needle.  The  other  end  of  the  thread  1*  held  between  the  Angers,  and  the  thread  is  made  to  oat  the 
other  points  as  reqd.  The  diagram  should  lie  perfectly  flat,  and  the  string  be  drawn  tight  at  each  ob- 
servation, in  order  that  friction  between  string  and  paper  may  not  prevent  the  string  from  forming  a 
straight  line.  Or  the  free  end  of  the  ctring  may  rest  on  a  pamphlet  or  other  object  about  H  inch  thick, 
to  keep  the  string  clear  of  the  diagram.  Special  care  must  then  be  taken  to  hare  the  eye  perp  over 
the  point  observed. 
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4 111.  Having  R,  c  and  n,  to  find  S.  For  example  let  R  —  20  ft,  c  —  96. 
9  —  .03.  Through  R  —  20  and  c  •-  96  draw  d-20.  8  (.00005)  is  found  by  means 
of  the  curves  nearest  to  the  point  d  of  intersection  of  d-20  with  radial  line 
»  — .03. 

The  following  addition  to  Kutter's  diagram,  proposed  by  Mr  Rudolph  Hering, 
Civil  and  Sanitary  Engineer,  Philadelphia,*  enables  us  to  read  the  veloc- 
ity from  flie  diagram. 

Find  -the  sq  rt  of  the  reciprocal  of  each  slope  to  be  embraced  in  the  diagram 

-=  •%/-= ..    .  . -r .    Lay  off  these  sq  rts  on  the  right  of  oy,  using 

\  slope  pei*  unit  of  length         *  ^  »  »>         e> 

the  scale  of  e  already  laid  off  on  its  left.    In  our  fig  we  have  so  proportioned  the 

c  1.5 

two  scales  that  —  _  ■=»  — '— .    Mark  the  dividing  points  with  the  slopes 

1/recip  of  8        1 

per  unit  of  length. 

On  oz  lay  off  the  vels  to  be  embraced  in  the  diagram,  using  the  scale  of  sq  rts 

vel  c 

of  R  already  laid  off  on  oz,  and  making -=  —  _ 

1/R      l/recip  of  S 

1st.  Having  R,  8  and  n ;  to  find  v.  For  example  let  R  =  20  ft,  S  =  .00005. 
n  =  .03.  From  R  —  20  draw  d-20  to  the  intersection  d  of  curve  .00005  with  radial 
line  n  —  .03.  d-20  cuts  oy  at  e,  where  c  =  %.  With  a  parallel  ruler  join  R 
—  20  with  8  —  .00005  on  oy.  Draw  a  parallel  line  through  c  —  96.  It  cuts  oz  at 
w,  giving  the  reqd  vel,  3.03  ft  per  sec. 

2d.  Having  R,  8  and  v;  to  find  n.  For  example  let  R  —  20  ft,  8  =  .00005, 
v  =-=  3.03  ft  per  sec.  With  a  parallel  ruler  join  R  =  20  and  slope  .00005  on  oy. 
Draw  a  parallel  line  through  v  =  3.03.  It  cuts  oy  at  c,  where  c  =  96.  Through 
R  =  20  and  e  =■=  96,  draw  d-20  to  cut  curve  .00005.  The  point  dof  intersection, 
being  on  radial  line  n  =—  .03,  shows  .03  to  be  the  proper  value  of  n. 

Any  line  drawn  to  the  cirrves  from  R  —  3.28  ft  or  1  metre,  is  one  of  the  radial 
lines  used  in  making  the  diagram.  It  therefore  necessarily  cuts  all  the  slope 
curves  at  points  showing  the  same  value  of  n. 

3d.  Having  8,  n  and  v;  to  find  R.  For  example,  let  8  —  .00005,  n  —  .03, 
v  =  3.03  ft  per  sec.  Assume  a  value  of  R,  say  10  ft.  Find  curve  .00005  and  radial 
line  n  —  .03.  Join  their  intersection  d  with  R  =  10  ft.  The  connecting  line  cuts 
oy  at  c  —  82.  With  a  parallel  ruler  join  c  =■  82  with  v  =  3.03.  Draw  a  parallel 
line  through  slope  =  .00005  on  oy.  It  cuts  oz  at  R  —  27.3,  showing  that  a  new 
trial  is  necessary,  and  with  an  assumed  R  greater  than  10  ft. 

If  R  thus  found  is  the  same  as  the  assumed  one,  the  latter  is  correct.  If  they 
are  nearly  equal,  their  mean  may  be  taken. 

4th.  Having  R,  n  and  v ;  to  find  S.  For  example,  let  R  —  20  ft,  n  =  .03, 
v  — =  3.03  ft  per  sec.  Assume  a  slope  (say  .0001).  Find  its  curve,  and  radial  line 
n  —  .03.  Join  their  intersection  with  R  =^  20,  and  note  the  value  (89)  of  c  where 
the  connecting  line  cuts  oy.  With  a  parallel  ruler  join  c  =  89  with  v  —  3.03. 
Draw  a  parallel  line  through  R  —  20.  It  cuts  oy  at  slope  .000058,  showing  that 
a  new  trial  is  necessary,  and  with  an  assumed  &  flatter  than  .0001.  If  R  is  3.28 
ft,  or  1  metre,  the  diagram  gives  the  corrects  at  the  first  trial,  no  matter  what 
.8  was  assumed  at  starting.  With  any  other  R,  if  the  diagram  gives  the  same  S 
as  that  assumed,  the  latter  is  correct.  If  the  two  differ  but  slightly,  we  may  take 
their  mean. 

*  Transactions  of  tbe  American  Society  of  Civil  Engineers,  January  1879. 
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VELOCITIES   IN   SEWERS, 


Table  of  vela  in  Circular  Brick  Sowers  when  running  full,  by 
Kutter*s  formula,  p  272,  but  taking  n  at  .015  instead  of  his  013,  in  consideration 
of  the  rough  character  of  sewer  brickwork  generally. 

When  running  only  half  fnll  the  vel  will  be  the  same  as  when  full, 

biit  this  is  not  the  case  at  any  other  depth  whether  greater  or  less.  At  greater 
ones  it  increases  until  the  depth  equals  very  nearly  .9  of  the  diam,  when  it  Is 
about  10  per  cent  greater  than  when  either  full  or  half  full.  From  depth,  of  J9  of 
the  diam  the  vel  decreases  whether  the  depth  becomes  greater  or  less.  At  depth 
of  .25  diam  the  vel  is  about  .78  of  that  when  full ;  and  then  diminishes  much 
more  rapidly  for  less  depths.    All  this  applies  also  to  pipes. 

The  vel  for  any  fall  or  diam  intermediate  of  those  in  the  table  can  be  found  by 
simple  proportion.  Original. 


Fall 

in  ft 

Diameters  In  feet. 

Fall 

in  ft 

per 
mile. 

2 

3 

4 

6 

8 

12 

16     | 

20 

per 
100  ft 

Velocities  la  feet  »er  • 

eeoad. 

.1 

.19 

.27 

.35 

.50 

.64 

.89 

1.10 

1.34 

.0019 

.2 

2 

.42 

.53 

.74 

.93 

1.26 

1.56 

1.84 

.0038 

.4 

.65 

.80 

1.08 

1.39 

1.81 

2.20 

2.60 

.0076 

.6 

.59 

.81 

1.00 

1.35 

1.70 

2.22 

2.70 

8.18 

.0114 

.8 

.69 

.95 

1.17 

1.57 

1.94 

2.56 

8.08 

3.60 

.0151 

1.0 

.79 

1.07 

1.32 

1.77 

2.16 

2.84 

8.43 

3.96 

.0189 

1.25 

.89 

1.21 

1.49 

1.98 

2.42 

3.17 

8.8 

4.5 

.0287 

1.50 

.98 

1.33 

1.64 

2.18 

2.64 

3.5 

4.2 

4.9 

.0284 

1.75 

1.06 

1.44 

1.78 

2.34 

2.85 

3.8 

4.5 

5.3 

.0331 

2.0 

1.15 

1.55 

1.91 

2.53 

3.1 

4.0 

4.8 

5.6 

.0379 

2.5 

1.32 

1.78 

2.18 

2.85 

3.5 

4.5  ' 

5.4 

6.3 

.0473 

3.0 

1.44 

1.94 

2.38 

3.2 

3.8 

5.0 

6.0 

6.9 

.0568 

3.5 

1.58 

2.10 

2.58 

3.4 

4.1 

5.3 

6.5 

7.4 

.0662 

4. 

1.68 

2.2 

2.7 

3.6 

4.4 

5.7 

6.9 

.  7.9 

.0758 

5. 

1.90 

2.5 

3.1 

4.1 

4.9 

6.3 

7.6 

8.7 

.0947 

6. 

2.06 

2.7 

3.3 

4.4 

5.4 

6.9 

8.3 

9.6 

.1136 

7. 

2.2 

3.0 

3.6 

4.8 

5.8 

7.5 

9.0 

10.4 

.1325 

8. 

2.4 

3.2 

3.8 

5.1 

6.2 

8.0 

9.7 

11.1 

.1514 

9. 

2.5 

3.4 

4.1 

5.4 

6.6 

8.5 

10.3 

11.8 

.1703 

10. 

2.7 

3.5 

4.3 

5.7 

6.9 

9.0 

10.8 

12.5 

.1894 

12. 

2.9 

3.9 

4.8 

6.3 

7.6 

9.9 

11.9 

13.6 

.2278 

15. 

3.3 

4,4 

5.4 

7.1 

8.5 

11.0 

13.3 

15.3 

.2841 

18. 

3.6 

4.8 

5.9 

7.7 

9.3 

12.1 

14.5 

1$.7 

.3409 

21. 

3.9 

5.1 

6.3 

8.4 

10.0 

iao. 

15.7 

17.9 

.8975 

24. 

4.2 

5.5 

6.8 

8.9 

10.8 

13.9 

16.8 

19.2 

.4546 

27. 

4.5 

5.9 

7.2 

9.5 

11.4 

14.8 

17.9 

20.4 

.5109 

30. 

4.7 

6.2 

7.5 

9.9 

12.0 

15.6 

18.8 

21.5 

.5682 

35. 

5.0 

6.7 

8.2 

10.8 

13.0 

16.8 
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2&2 

.6629 

40. 

5.4 

7.1 

8.7 

11.5 

13.9 

18.0 

21.7 

24£ 

.7576 

45. 

5.6 

7.5 

9.2 

12.2 

14.8 

19.1 

23.0 

26^8 
273 

.8528 

50. 

5.9 

8.0 

9.7 

12.8 

15.5 

20.1 

24.2 

.9470 

60. 

6.5 

8.7 

10.7 

14.1 

17.0 

22.1 

26.5 

30.3 

1.136 

70. 

70 

9.4 

11.5 

15.2 

18.4 

23.9 

28.5 

82.8 

1.326 

80. 

7.4 

10.1 

12.3 

16.2 

19.7 

25.5 

31.0 

85.0 

1.515 

90. 

7.9 

10.7 

13.1 

17.2 

20.9 

27.0 

82.3 

37.1 

1.705 

100. 

8.4 

11.3 

13.8 

18.2 

22.0 

28.5 

34.1 

89.1 

• 

L894 

A  vel  of  10  fit  per  see  =  600  ft  per  minute  =  36000  ft,  or  6.818  miles  per 
hour.  About  5  ft  per  sec  is  as  great  as  can  be  adopted  in  practice  to  prevent  the 
lower  parts  of  the  sewers  from  wearing  away  too  rapidly  by  the  debris  carried 
along  by  the  water. 

Art.  23.    The  rate  at  which  rain  water  reaches  a  sewer  or 

enbrert,  etc,  raav,  according  to  the  admirable  '•  Report  on  European  Sew  era** 
Systems"  by  Mr.  Rudolph  Hering,  Civ.  and  San.  Eng.  of  Phi  fad  a,  be  found 
approximately  by  the  following  formula  by  Mr  Burkli-Ziegler.  See  Trans.  Am. 
8oc.  C.  E,  Nov  1881. 
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Cob.  ft.  per 
second  per 
acre,  reach- 
ing sewer 


A  coef  Av.  cub.  ft.  of  rainfall  / 

according    X  per  seeond  per  acre,  X  \f  in  feet  per  1000  ft 
to  judgment        during  heaviest  fall.  *' 


*  .'At.  slope  of  ground 
\  No.ofacresdraiued 


His  coefficient  for  paved  streets  is  .75;  for  ordinary  cases  .625;  and  for 
suburbs  with  gardens,  lawns,  and  macadamized  streets  .31.  His  average 
heaviest  fall  is  from  If  to  2f  ins  per  hour.  To  this  the  writer  will  acid 
that  each  inch  of  rainfall  per  hoar,  corresponds  closely  enough  to  1  cub  ft 
per  set  per  acre;  so  that  if  we  liberally  allow  for  3  or  4,  etc,  ins  per  hour  of 
average  heaviest  rainfall,  the  third  term  of  the  above  equation  also  becomes 
simply  3  or  4,  etc. 

Example,  If  an  area  of  8100  acres  (nearly  5  aq  miles),  with  an  average  alone  of  &  ft  per  1000  ft, 
receives  a  rainfall  averaging  S  ius  per  boar  when  heaviest,  then,  assuming  a  eoeffleient  or  JL,  the  rate 
at  which  the  water  would  reach  the  mouth  of  aaewer  at  the  lower  end  of  the  3100  acres  would  he 


.5  X  3  X  \/-3i\o  =  »5  X  3  X  -203  «  .906  cab  ft  per  sec  per  acre; 

er  JOS  X  $100  =  94&J&  cub  ft  per  see,  total. 

Vow  suppose  the  fall  of  the  Intended  sewer  to  be  say  4  ft  per  mile ;  and  that  for  fear  of  the  too  rapid 
wearing  away  of  its  brickwork  by  debris  swept  along  by  the  water,  we  limit  its  vel  to  6,3  ft  per  see, 
which  may  be  permitted  on  occasions  as  rare  as  rains  of  3  ins  per  hour,  although  for  tolerably  constant 
Bow,  where  liable  to  debris.  It  should  not  exceed  about  5  ft  per  sec.  To  steel  the  cUuaetftr,  look 
iu  Che  Table  of  Vel*  in  Sewers,  p  379e.  for  a  diam  corresponding  as  near  as  may  be,  to  a  vel  of  6JI, 
and  to  a  fall  or  4  ft  per  mile.  We  find  this  diam  to  be  14  ft,  the  area  of  which  is  154  so  ft.  Hence, 
154  X  6.3  =  970  cub  ft  per  sec  =  capacity  of  sewer.  This  is  a  trifle  more  than  our  945.5  cub  ft  per 
see  of  rainfall ;  nevertheless,  to  allow  for  deposits  in  the  sewer,  It  would  be  advisable  to  increase  the 
diam  say  to  14.5  or  15  ft. 

Rem.  Mr  Wivknteed,  an  experienced  English  hydranll- 
elan,  frives  the  following  table  of  the  least  vels  and  srrades 
or  falls,  to  he  given  to  drain-pipes  and  sewers  In  cities,  in  order 

that  they  may  under  ordinary  elreumstaoees  keep  themselves  clean,  or  free  from  deposits.    He  re* 
commends  that  no  drain  pipe,  even  for  a  single  common  dwelling,  shall  be  lea*  than  6  ins  diam. 


Grade. 

Grade. 

Diam. 

Vel.  in  ft. 

Grade, 

Feet  per 

Diam. 

▼el.  in  ft. 

Grade, 

Feet  per 

In  Inches. 

per  11  In. 

lin 

Mile. 

In  Inches. 

per  liin. 

lin 

Mile. 

4 

240 

86 

146.7 

18 

180 

294 

18  0 

0 

230 

65 

81.2 

21 

180 

343 

16.4 

7 

220 

76 

695 

24 

180 

892 

13.5 

8 

220 

87 

60.7 

30 

180 

490 

10.8 

9 

220 

98 

53.9 

36 

180 

588 

9.0 

10 

210 

119 

44.4 

42 

180 

686 

T.7 

11 

200 

145 

36.7 

48 

180 

784 

6.8 

13 

190 

175 

30.2 

54 

180 

889 

6.0 

15 

180 

244 

21.6 

60 

180 

980 

5.4 

Weiarht  per  foot  ran  of"  glased  terra  eotta  pipes  for  drains,  etc ;  made 
by  Hoorhead  Clay  Works,  Spriug  Mill  (office  No.  11  South  7th  8r.),  Philadelphia. 
Ne(  price*  per  foot  ran  adopted  by  the  United  Sewer  pipn  Makers  of  the  Uuited 
States,  March  1887.  Discounts,  1888,  front  40  to  60  per  cent,  on  s.aea  smaller  than 
15  inch,  to  20  to  40  per  cent,  on  30  inch.  For  larger  sixes,  address  the  makers, 
aaab>ve. 


Drain  pipe,  with  socket,  joint 

Sewer  pipe,  with  sleeve  joint 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

ins 
2 
3 

4 
5 

lbs 
4 
7 
10 
12 

$ 

0.14 
0.16 
0.20 
0.25 

ins 
6 
8 
10 
12 

lbs 
18 
22 
30 
33 

* 

0.30 
0.45 
0.65 
0.85 

ins 

15 

18 

21 

24 

lbs 
45 
65 
89 
100 

$ 

1.25 
1.70 
2.50 
3.2S 

ins 
30 
86 
42 

48 

lbs 
150 
195 
203 
230 

$ 

5.50 

7.00 

8.50 

10.50 

The  joints  are  filled  with  cement  mortar;  or,  when  used  for  drainage  only, 
with  clay.  Drain  pipes  (3  to  12  ins  bore)  are  about  {  inch  thick.  A  bend  or 
branch  costs  about  as  much  as  from  3  to  5  feet  of  pipe.  The  48-inch  pipes  are 
about  2  ins  thick. 

Art.  34.  When  the  area  of  cross  section  of  channel  is  re- 
duced at  any  point,  as  by  a  dam  (Fig  33,  p  279  e),  or  by  narrowing  it,  either 
at  its  sides  (Pig  32)  or  by  placing  in  it  a  pier  etc,  Fig  34;  a  portion  at  least  of 
I  be  force  of  grav  (which  would  otherwise  be  giving  vel  to  the  water  up-stream 
from  the  point  where  the  obstruction  takes  place),  causes  pressure  against  the 
dam  etc.    This  pres  maintains  the  up-stream  water  at  a  higher  level  than  it 

20 
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would  otherwise  have.  Said  water  is  then  practically  io  a  reservoir;  <  e,  It  has 
leas  vel  and  greater  pres  than  before.  If  the  reservoir  has  no  outlet,  there  is  no 
vel ;  and  all  of  the  head,  or  force  of  grav,  acting  on  the  water  is  expended  in  pre*. 

But  if  there  is  an  outlet,  as  over  the  dam,  or  between  the  piers  etc,  a  portion 
00,  Figs  31. 83,  34.  of  this  pres  or  head,  is  expended  in  giving  vel  (or  an  accelera- 
tion of  vel)  to  the  water  escaping  by  that  outlet;  after  which  only  so  mnch 
head  (in  the  shape  of  surface  slope)  is  needed  as  will  overcome  the  resistances 
of  the  channel  down-stream  frbni  the  obstruction,  and  so  maintain  uniform  the 
Tel  given  to  the  water  by  the  head  co. 

Where  a  large  canal,  such  as  those  intended  for  navigation,  is  fed  from  a  reser- 
voir, the  fall  oo  in  feet  is  approximately 

=»  mean  Telocity*  in  canal,  in  feet  par  second,  X  .017 ; 

and  In  smaller  canals,  such  as  mill  courses, 

»  mean  velocity*  in  canal,  in  feet  per  second,  X  .02. 

The  abruptness  of  the  fall  may  be  diminished  by  rounding  off  or  sloping  the 
edges  of  the  piers,  or  the  corners  at  the  sides  of  the  channel  (Fig  32)  or  the 
approach  to  the  dara  (Figs  1  to  4,  pp  283, 284). 

Fig  33  is  a  cross  section  of  Clera's  dam,  across  Cape  Fear  River,  N.  C.  It 
Is  from  measurements  made  by  Ell  wood  Morris,  C  E;  by  whom  they  were  com- 
municated to  the  writer.  The  dam  is  of  wooden  cribwork ;  and  its  level  crest, 
8  ft  8  ins  wide,  is  covered  with  plank :  along  which  the  water  glides  in  a  smooth 
sheet,  6  ins  deep,  (at  the  time  of  measurement).    At  the  upper  end  of  this 

sheet,  and  in  adist  of  about  2  A,  a  head  co  of  9  ins  forms  itself,  as  in  the  fig. 


Fiij  33 

For  Construction  of  Dams,  see  p  282,  eta 


Fig  31 


fig  3* 
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In  a  channel  of  uniform  and  constant  dope  and  ems* 
section,  the  vel  of  the  particles  of  water  immediately  adjoining  the  bottom  and 
sides  is  very  slight;  and  but  little  scouring  takes  place.  But  when  irregular- 
ities in  the  slope  or  cross  section  occur,  as  in  the  last  article,  the  scour  is  greatly 
increased  in  their  immediate  neighborhood. 

The  erection  of  one  or  two  piers  in  a  quite  large  stream,  will  frequently  pro- 
duce an  almost  incredible  amount  of  scour,  if  the  bottom  is  at  all  of  a  yielding 
nature.  The  greatest  scour  of  course  takes  place  during  freshets ;  and  near  the 
obstruction. 

Seo tiring-  action  is  supposed  to  be  as  square  of  vel. 

According  to  Smeaton,  a  vel  of  8-  miles  an  hoar  will  not  derange  quarry  rabble  stones,  not  exceed' 
lug  half  a  cob  ft.  deposited  around  piers,  Are ;  except  by  washing  the  soil  from  under  them. 
1  inch  per  sec.  =  5  ft  per  min,  =  .056818  or  a  mile,  or  300  rt  per  hoar. 
1  foot  per  sec,  =  60  ft  per  min,  =  .681816  of  a  mile,  or  3600  ft  per  boar. 


To  reduce  inches  per  see,  to  feet  per  minute,  multiply  by  5 

m  >.  .14  «       4*.    .-««      ■  ii.      m  i.     hour  "  '•    * 

"  "  "  "        "       to  miles  per  hour,  divide  by  1T.6. 

One  mile  per  hoar  =  88  ft  per  mia  =  1.4667  ft,  or  1?.6  las  per  see. 


300. 


The  two  following  tables  are  (with  many  corrections)  from  Nicholson's 

Architecture ;  and  must  be  looked  upon  merely  as  probable  approximations.  They  suppose  the  piers, 
Ac,  to  be  properly  rounded  or  pointed  at  their  upstream  ends,  so  as  to  give  as  free  a  passage  as  pos- 
sible to  the  water.  He  says  that  if  they  are  square-ended,  the  head  will  be  increased  about  50  per  ct. 
The  subject  is  an  extremely  intricate  one,  and  admits  of  no  precise  solution.  If  'the  increased  vel 
scours  away  the  bottom  until  the  area  of  water-way  becomes  as  great  as  it  originally  was,  the  head 
disappears ;  and  the  vel  also  becomes  reduced  to  its  original  rate.    This  is  common  in  soft  bottoms. 

TABLE  Of  heads  produced  by  obstructions  to  streams. 


Original  Vel. 
of  Stream.* 


Per  Sec. 

Ins. 

Pt. 

3 

% 

6 

H 

IS 

1 

M 

a 

36 

3 

48 

4 

60 

5 

Tf 

6 

IN 

10 

Per 
Hoar. 


Miles. 

.170 
Ml 
Ml 

1.36 

2.04 

2.TJ 

3.41 

4.00 

6.81 


Kind  of  Bottom 

whioh  begins- to 

wear  away  under 

Bottom  Vel.  equal 

to  these  in  the 

first  three  cols. 


Ooze,  and  Mud... 

Olay ; 

Sand 

Gravel 

Small  Shingle.... 
Large       "      .... 

Soft8hlstus 

Stratified  Books.. 
Hart  Backs 


1 


Proportion  of  Area  of  original  Water-way, 
occupied  by  the  Obstructions. 

Tltliltm*!* 


I 

TO" 


Head  of  Water  produoed  attbe  Obstructions;  in 

Feet. 


.0008 

.0004 

.0004 

.0006 

.001 

.0014 

.0033 

.0067 

.0011 

.0014 

.0017 

.0023 

.001 

.0058 

.0133 

.0267 

.0045 

.0066 

.0069 

.0091 

.015 

.0231 

.0532 

.1069 

.0182 

.0*85 

.0276 

.0364 

.060 

.0924 

.2128 

.4276 

.0409 

.0507 

.0621 

.0819 

.135 

.2079 

.4788 

.9621 

.0728 

.0902 

.1104 

.1456 

.240 

.3696 

.8412 

1.710 

.1137 

.1410 

.1725 

.2275 

.375 

.5775 

1.320 

2.672 

.1638 

.2030 

.2484 

.3276 

.540 

.8316 

1.915 

3.848 

.4650 

.5640 

.6901 

.9100 

1.60 

2.310 

5.280 

10.69 

.0169 
.0646 
.2584 
1.036 
2.326 
4.144 
6475 
9.304 
26J 


TABLE  Increased  velocities  produced  at  and   by 

rounded,  or  pointed  obstructions.  If  square,  these  vela  must,  accord* 
fag  to  Nicholson,  be  increased  %  part. 


Original  VeL 

of  Stream.* 

Per 

Per  See. 

Hour. 

Ins. 

Pt. 

Miles. 

S 

H 

.170 

6 

1 

.341 

12 

.681 

24 

2 

1.36 

M 

8 

2.04 

48 

4 

2.72 

60 

5 

3.41 

72 

6 

4.09 

139 

10 

6.81 

Proportion  of  Area  of  Water-way,  occupied  by  the  Obstructions. 

AI*ltl*IM*l*l*l* 


Velocity  produced  at  the  Obstruction  in  Feet  per  Second. 


.28 
.56 
1.13 
2.27 
3.39 
4.54 
5.60 
6.78 
11.3 


.29 

.30 

.32 

.35 

.394 

.62 

.7 

.58 

.60 

.64 

.70 

.788 

1.05 

1.4 

1.16 

1.20 

1.26 

1.40 

1.58 

2.1 

2.8 

2.33 

2.40 

2.52 

2.80 

3.16 

4.2 

5.6 

3.48 

8.60 

3.78 

4.20 

4.74 

6.3 

8.4 

4.66 

4.80 

6.04 

5.60 

6.32 

8.4 

11.2 

5.80 

6.00 

6.40 

7.00 

7.88 
9.48 

10.5 

14.0 

6.96 

7.20 

7.56 

8.40 

12.6 

16.8 

11.6 

12.0 

12.6 

14.0 

15.8 

21.0 

28.0 

1.06 

2.1 

4.2 

8.4 

12.6 

16.8 

21.0 

25.2 

42.0 


•  A  yery  ▼ague  expression.   Does  it  refer  to  the  greatest  surface  vel  at  mid-channel ;  or  to  the  mean 
to)  of  the  entire  arose- section  ? 
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Art.  86.  The  resistance  of  water  against  a  flat  su  rfaee  mov- 
ing* thro ag* n  It  at  right  angles,  is  nearly  as  the  squares  of  the  vel ;  and, 
according  to  Hutton,  its  amount  in  lbs  per  sq  ft  approx  =  Square  of  vel  in  ft  per 
sec.  Or  like  the  ares  of  a  ran n ins;  stream  against  a  perp  fixed  flat 
surfaoe,  it  ia= wt  of  a  ool  of  water  whose  base = pressed  surf,  and  whose  ht:=head  due  to  the  vel  as 
per  Uble  p  268. 

The  resist  of  a  sphere  is  to  that  of  its  great  oirele  about  as  1  to  2.9. 

When  the  moving  surf.  Instead  or  being  at  right  angles  to  the  direction  in  wbieh  It  mores,  forms 
another  angle  with  it,  the  resistanoe  beoomes  less  In  about  the  following  proportions.  Therefore, 
when  the  snrf  is  inclined,  first  oalcnlate  the  resistanoe  as  If  at  right  angles ;  and  then  mult  by  the 
following  decimals  opposite  the  angle  of  inclination : 


90°.... 1.00 

ov.  ft  • .  .bo 

40°....  .68 

20° 16 

©V  ....  *»w 

66  ....  .88 

86  •  •  •  •  .46 

16  ....  .10 

70  ....  .96 

60 76 

80  ....  iM 

10 06 

66  ....  .03 

46 68 

26  • • • •  .24 

6  ....  .02 

The  scour,  or  abrading-  power  of  moving-  water  is  considered  to 

be  as  the  square  of  its  rel. 

Art.  27.    To  calculate  the  horse-power  of  falling  water,  on 

the  ordinary  assumption  that  a  horse-power  is  equal  to  39000  lb*  lifted  1  foot  vert  per  min.  That  of 
average  horses  is  really  but  about  %  as  much,  or  22000  lbs,  1  foot  high  per  min.  Mult  together  the 
number  of  oub  ft  nf  water  which  fall  per  min  ;  the  vert  height  or  bead  in  feet,  through  which  it  falls; 
and  the  number  62.3,  (the  wt  of  a  cub  ft  of  water  In  lbs :)  and  div  the  prod  by  39060.  Or,  by  formula, 


cub  ft 
The  number  of  =  per  min 
horte-potoert         


height  in  ft 


16s 
62.3 


33000. 


Ex.  Over  a  rail  16  ft  In  vert  height,  800  eub  ft  of  water  are  dlsehd  per  min.    How  many  h 
powers  does  the  fall  afford  T 

oub  ft      ft        lbs 
_         800  X  16  X  62.3        797410 
Here,  — r-===r-— -  =  ===r  =  **>tt  h-pow. 
83000  38000 

Watei*»wheelS  do  not  realise  ail  the  power  inherent  in  the  water,  as  found  by  out 
rule.  Thus,  undershots  realise  but  from  K  to  X ;  breast. wheels,  \i ;  overshots,  from  %  to  3i ;  tur- 
bines, %  to  .86  of  it;  according  to  the  skill  of  design,  and  the  perfection  of  workmanship.  Even  when 
the  wheel  revolves  in  a  olose-fltting  casing,  or  breast,  elbow  buokets  give  considerably  more  power 
than  plain  radial  or  center- buokets.  Of  the  power  actually  received  by  a  wheel,  part  is  expended  in 
friction,  Ac;  while  the  remainder  does  the  useful  or  paying  net  work  of  raising  water,  grinding 
grain,  sawing,  Ac. 

Observations  by  Gen  I  Hanpt,  in  1866,  gave  the  following  results  for  a 
small  hydraulic  ram.  Head  of  water  to  ram  =  8.812  ft;  diam  of  drive-pipe  = 
1H  ins;  length  16  ft.  Diam  of  delivery-pipe  =  Jf  inch ;  length  200  ft.  Tert  height  to  which  the 
water  was  raised  by  the  delivery-pipe,  63.4  feet.  Strokes  of  ram  per  min,  170.  Quantity  of  water 
which  worked  the  ram  =  768  cub  Ins,  =  8.31  galls,  =  27.73  lbs  per  min.    Quantity  raised  68.4  ft  high 

lbs  water       ft         ft-Ss 
per  min,  =  48  oub  ins,  =  1.736  lbs.    Hence  the  power  expended  per  min,  was  27.73  X  8.812  =  244.36. 

Bm  water      ft         ft-tts 
And  the  useful  effect,  was  1.736  X  68.4  =  110.06.    Henoe  the  ratio  whioh  the  useful  effect  bears  to  the 

110,06 
power  In  this  instance,  is  ■  .  or  .46.   The  actual  power  of  the  ram  is,  however,  greater  than  this, 

244.86 
Inasmuch  as  it  has  to  overcome  the  friction  of  the  water  along  the  delivery-pipe.* 

To  find  the  horse-power  of  a  running  stream.  Water-wheels 
with  simple  float-boards.t  insteadof  buckets,  are  sometimes  driven  by  the  mere  force  of  the  ordinary 
natural  current  of  a  stream,  without  any  appreciable  fall  like  that  in  the  foregoing  case.  In  such 
eases,  we  must  substitute  the  virtual  or  theoretic  bead ;  which  is  that  which  would  Impart  to  It  the 
same  vel  which  it  actually  has.  This  virtual  head  may  be  taken  atonoe  from  Table,  p  268.  Thus,  a 
stream  has  a  vel  of  2.386  miles  per  hour;  or  210  ft  per  min ;  or  3 Ji  ft  per  sec ;  and  in  the  column  of 
beads  In  Table  10,  opposite  to  3.5  vel  per  sec,  we  find  the  reqd  head  .190  of  a  ft.  Having  thus  found 
the  head,  we  must  now  find  the  quantity  of  water  which  passes  any  given  area  of  the  stream  In  a 
min.  Thus,  suppose  that  the  immersed  part  or  a  float  when  vert  is  6  ft  long,  and  1  ft  wide  or  deep ; 
then  the  area  of  this  part  which  receives  the  force  of  the  current,  Is  6  X  1  —  5  square  feet.    Hence, 

use  rel 

5  sq  ft  X  210  =  1060  cub  ft  per  min.    Having  now  the  oub  ft  per  min,  and  the  vert  height  or  head, 
the  number  of  horse- powers  of  the  etream  of  the  given  area,  is  found  by  the  foregoing  rule,  or  formula. 


*  A  committee  of  the  Franklin  Institute,  in  1850,  gave  .71  as  the 
ooeffloient  for  a  ram  at  the  Olrard  College,  in  whioh  the  diam  of  drive-pipe  was  %\i  Ins :  Its  length, 
160  ft;  fall,  14  ft.  Delivery- pipe,  1  inch  diam ;  2260  ft  long ;  vert  rise,  or  height  to  whieb  the  water 
was  raised.  93  ft.  No  details  of  the  experiment  are  giren.  Some  large  rams  In  Franoe  give  a  useful 
effect  of  from  .6  to  .66  of  the  whole  power  expended.  It  is  an  exoellent  machine  for  many  purposes; 
and  Is  sometimes  nsed  for  filling  railway  tanks  at  water  stations. 

f  Such  wheels,  for  floating;  mills.  In  Europe,  rarely  exceed  16  ft 

diam.    Whatever  the  diam,  they  may  have  about  18  to  20  floats.    The  floats  are  from  8  to  16  ft  long; 

and  about  4  to  t^j-  u  deep  as  the  diam  of  the  wheel.    They  should  not  dip  their  entire  depth  into 

the  water,  but  nearly  so.  Tbey  should  not  be  in  the  same  straight  line  with  the  radii ;  hut  should 
incline  from  them  30°  up  stream,  to  produce  their  full  effect.  All  these  remarks'  apply  to  wheels 
moving  freely  in  a  wide  or  indefinite  ohannel ;  as  in  the  case  of  a  floating  mill,  built  on  a  scow,  and 
anchored  out  in  a  stream :  but  not  to  wheels  for  which  the  water  Is  dammed  np,  and  acta  with  a  prac- 
tical fall.  No  great  exactness  is  to  be  expected  in  rales  on  this  subject.  The  beet  vel  for  the  wheel 
Is  about  .4  that  of  the  stream. 
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eubftptrwUn^verthttn/t^  lb* 
ThB_     Noof  ..  1050  *        .190        *02.8    __  12489 

A  iV>is. ■"*  83000  =  89000  =  *'^  cfaH.  Aw. 

Bat  In  praetloe  the  whUU  actually  realise  but  about  ^  of  this  power  of  the  stream,  when  working 
la  an  open  obannel ;  and  still  less  when  the  water  Bows  with  the  same  vel  through  a  narrow  artlflelal 
channel,  bnt  little  wider  than  the  wheel.  Therefore,  the  actual  power  of  our  wheel  will  be  but  .377  X 
.4=  .1508 ;  or  about  h  of  a  horse  power ;  or  88000  X  .1608  =  siftf  ft- ft*  per  Bio.  Making  a  rough  - 
nllowanoe  for  the  Motion  of  the  machine  at  its  journals,  Ac,  we  should  have  say  about  4400  ft-to  of 
useful  power ;  that  is,  the  wheel  would  actually  raise  about  440  lbs  10  ft  high ;  or  44  fts  100  tt  high,  Ac, 
per  nrin.  The  vei-of  the  stream  must  not  be  measured  at  the  surface ;  but  at  about  %  of  the  depth  to 
which  the  float*  are  to  dip,  or  be  immersed.  This,  however,  is  chiefly  necessary  In  shallow  streams, 
in  whieh  the  depth  of  the  float  bears  a  considerable  ratio  to  that  of  the  water. 

Thin  power  of  a  running-  stream,  (Cor  any  given  area  of 
transverse  section,)  increases  as  the  cubes  of  the  TelE>;  for,  as 

we  have  seen,  the  power  in'  ft-lbs  per  min  Is  found  by  mult  together  the  weight  of  water  whioh  passes 
throogh  the  section  in  amln,  and  the  virtual  head  in  ft ;  and  sinoe  this  weight  increases  as  the  vel, 
and  this  head  as  the  square  of  the  vol,  the  prod  of  the  two  (or  the  power)  must  be  as  the  cube  of  the 
veL  Therefore,  If  the  vel  in  the  foregoing  oase  had  been  10.5  ft  per  see,  or  8  times  3.6  ft,  the  power 
of  Use  wheal  would  have  bean  87  times  as  great,  or  .1608  X  27  =  4.07  horse-powera. 


DAMS. 

■then  duns  fur  reservoirs,  p  28Y  ;  and  on  stone  ones,  p  229,  Ac.  Those  we  ahull 
w  describe  wlll.alao  answer  for  such  reservoirs,  when  the  perishable  Datura  of 

rrlmary  requisites,  In  the  erection  of  dams,  are.  a  foundation  aufll- 
erillv  ttrin  lo  prevent  them  from  settling,  and  thus  leaking;  the  pretention 
.  :.*■  ~:'  .'•'"'*  \. '*".':"- :.?■:""  ^._.^  uie^  dam,' bVu.e'a^tlcVof  tta  MIIim 


water.    Far  the  ni 

double,  as  tha  nn "mb*  b»J  de»d»  Mi 


chosen,  if  possible^  In  that  case,  thick  planks,  II,  rl«8,  (single  or 


gravelly  soil,  is  tar  better  'than  earth  for  this  purpose^  for  If  the  water  should, 
chance  to  form  a  v  it,  tl],<  gravel  falls  ana  Hops  It.    To  pre  tent  title  back- 

ing from  being  disturbed  near  the  crest  of  the  dam,  by  floating  bodlea  swept 
along  by  freshets,  a  rough  pavement  •>!  stones,  about  IS  to  18  Inches  deep,  u 
shown  in  Fig  7,  should  be  added  for  a  width  of  about  10  to  BO  feet:  or  until  lta 
top  becomes  3  to  G  feet  below  the  creel  c  uf  the  dam,  according  I      ' 


a  the  Schuylkill 


b t liratton,)  the  upper  Umbels,  e,  mi 
it  to  require  planking  In  addition. 


these  be  used  two  thicknesses  or  sheet  piles,  p.  Fig  2,  Ac,  close  drlren,  breaking 
joint,  to  a  depth  of  several  feet,  to  prevent  leaking  throngh  the  soil  beneath 
the  base  of  the  dam.  Frequently  but  oue  thickness  Is  used.  If  the  bottom  la 
soft  or  open  for  a  depth  of  only  a  few  feet,  It  Is  at  times  better  to  remove  I  mod 
base  Ihe  dam  on  Ihe  ormer  stratum  betow  ■  mill,  however,  using  the  sheet  piles. 
Old  decayed  timber  and  other  rubbish  should  be  removed  from  the  base.  In 
very  bad  soils  of  greater  depth,  It  may  be  necessary  lo  support  the  dam  entirely 
I  upon  a  plalform  resting  on  bearing  piles.  Here  great  precaution!  are  neces- 
sary against  leaks;  buttbe  case  occurs  so  rarely,  that  we  ihall  not  slop  to  con- 


hird  rock,  or  of  medium  rock  protected  by  a  considerable  depth  of  water.  Tha 
Jam,  Fig  1,  was  hull!  upon  a  tolerably  firm  micaceous  gneiss  In  nearly-  verticil 
strwa.coveredbj'iioimi'Jfeoinf  water  luoriilnary  sieges.  InM jursili,  radrna 


At  Jones'*  dam,  on  €apv  Fear  Blver;  height  of  dam,  18  ft ;  froptTert; 

ruck.  uiuiLIt  oo*C[«d  hj  bin  otouL  3  f[  of  v,ii-Hr     m  »>.*ou[  JJ  year  a  v.>™  II  u  u  LrrefiilEr  aoptk  of 
rnn  lOLoWft;  ud  « 1  tood  Inf  from  lie  vary  Toon  of  Lbodim,  lo  10  or  SO  It  Ld  frooL  i,r  LL 


»ra  ii.iBIp'u.  no  lorn  byjiiuiii 


IIBK 

T*«  foroM  of  wooden  (turn*  are  nmnj ;  fs«s  the  flgi,  which  (hem 


5S?- 


..I —  i_fi.„ 1  ?]«.     Tm  Tatar  nur  B-w  Ihraogb  Ibc  open  crtb.otl  la  I  he  bolldla( 

II  pill  lo  addlnr.  .lone  er,on,b  lopnr.iil  11  floalini  eirar  It  ilnM 
•  a  lii  plan  at  to,  Fl»8.  loaded  wiib 

epa  of  Ua  -iter.     TbeM  r.penleii  u  cl^O 

t.,  IluKil,  ,-:,  :,il;,  i:SMii.i,lm<,  the*,  oloaln...irltiailinetl  liken.  ,__,    V  n 

Tba-ot-ki:eti.bTpola><Un>  lad«.attriuortii9rMaeniieb  nWTlT     1   S 

better  ciecutad  kv  eoSer-deaia.  than  ^T  mere];  albklng  OTltM,     Tbe  |SSsfeCT'a       J     1 

JWowciq  h?  r^r^L^iii"^:  ir^.ion?  fiiil„t  WUfr  packed  ;  ihe  "beet. 

WBn  •  >«r  nnn  link  ttioim  In  tap  wiur, « ibe  luiroduo.      Tig.  & 
lion  of  llllou  111  lilt  daij,  or  ail.  iilhtr  consideration.,  -ale  It  II- 
pedieiit  to  bo!  Id  dama  -lliln  no  Oar-Jama,  hub  Ibonld  In  Harriot!  rm 


■V-ttBifcer**.    BefOre  rrmeeini  in  4iMlt.ii  si 
of  clam  ll-:i:  .  ivt  1-,  fln«lj  n.il.'lBSl  In  •nq'i  ■  ■ 


- „iti«m*iir'^l"pl7H.  .len.11irr.re.er.  contlnesnirr  i  lha  (n 

<|T  ipm  bLi  nan  loeenaltr  V  meet  (be  pecnllerllle*  of  lb*  die  before  bin.     Id  bow 


»  f         •■■r~^>Boni/t^«i^initMlatto*HMi 

itjriHRI       <l  the  MflH  piecn  ireee  addfCL     Tho  flWn  oonriafe  (H  Wat  •ferried  ftarvui  fr«B 

end  of  tta.tp'-..  ur.111  ill  la.l  p,  irpao.  nf  ...ily  •tt.lil  Ol  ft  vai  left  In  Urn  ..jr;r,  fur  lb,  ..1.7  la 


L 


•  Tlmliiri  re»aj  prepared  **  llHlat  in  ntmiLnf  >Mi|t>IU  water  hi  tolbfi  fend  nilalr 
aVoptteoTlf.tonleBe  fcj  tHaoBfef  ipwreeiir  inldAaf.MnDe  llnd  lor  retalnEoe  (km  I*  pe-1U>ej.  Ire- 
eni  mob  Umber-  mer  el  llmee  be  flrmrT  framM  Wfeiior.  and  Ihen  be  >n  frame*  at  em;  alMfeaa 
Iheonnlnfer  libit*  ai  arc  operation  i  npeol.llj  etiei  II  la  •»  lataH  Ua  In  mm  eaaee,  •  ant 
flat-tie- ehnioti  ibr  iip.etreein  etteof  adrifc  ■■  o-Mnftl.  for  elcelor  II- 

ITtioaaon  lha  Sebeilklll  FiTlrul™  >en  oVlcBeli'  fmrllaiBi  bWiM'.  Bskk,  ba.aMaf 
gig™  Bl  aHkuW  nf  tbei  wort,    altar  liliiiii  takrUttH  raB  lie  uw  m  •■ 
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Ptg  2  it  ft  Oftnal  feeder  dam  on  the  Juniata.   Here  •  «  are  timbers  stretching  clear  aeroai  the  i 
(about  900  ft,)  and  sustaining  the  apron  a  a,  of  stout  hewn  timbers  laid  touching.  This  dam  was  filled 
with  stone,  for  the  retention  or  which  the  front  sheeting  planks  were  added. 

Fig  6  is  on  the  Sen  Nav  ;  was  built  in  1855.  It  is  a  form  much  approved  of  on  that  work,  for  sneh 
situations ;  namely,  ■firm  Took  foundation,  with  a  considerable  depth  of  water  in  front.  The  highest 
dam  i32  ft)  on  the  8ch  Nay,  is  very  similar  to  it ;  built  in  1851.  All  the  dams  on  this  work  are  of 
hewn  timber,  ohiefly  white  and  yellow  pine.  The  water  occasionally  runs  from  8  to  12  feet  deep  over 
their  create;  and  then  overflows  and  surrounds  many  of  the  abuts.  The  vertical  back  allows  the 
overflowing  water  to  leak  down  among  all  the  lower  timbers  of  the  dam,  and  thus  tend  to  their 
preservation. 

Fig  4  shows  the  dams  oh  the  Monongahela  slaokwater  navigation ;  W.  II ilnor  Roberts,  eng.  They 
are  of  round  logs,  with  the  bark  on :  flattened  at  crossings.  The  longest  ones  in  the  flg  are  10  reet 
apart  along  the  length  of  the  dam.  Experience  shows  that  sneh  dams  possess  all  the  strength  neoes- 
sary  for  violent  streams.    On  rook,  the  lowest  timbers  are  bolted  to  it. 

Fig  7  has  been  snoeeesfuUy  used  to  heights  of  40  ft.* 

Fig  S  is  intended  merely  as  a  hint  for  a  very  low  dam  on  yielding  bottom.  Its  main  supports  are 
piles  ti,  from  4  to  8  ft  apart,  according  to  the  height  of  the  dam;  and  other  eireumstanees ;  and  tt 
are  short  piles  for  sustaining  the  apron  dd.  It  may  be  extended  to  greater  heights  by  adding  braces 
In  front ;  which  may  be  oovered  by  stoat  planks,  to  form  an  lnolined  slide,  for  the  overfaUlng  water. 
Many  effective  arrangements  of  plies,  and  sloping  timbers  for  dams  on  soft  ground,  will  suggest  them- 
selves  to  the  engineer.  Thus,  at  intervals  of  several  feet,  rows  of  8  or  more  piles  may  be  driven  trans- 
versely of  the  dam ;  the  top  of  the  outer  pile  of  each  row  being  left  at  the  intended  height  of  the  erest, 
while  those  behind  are  successively  driven  lower  and  lower ;  so  that  when  all  are  afterward  eon* 
nested  by  transverse  and  longitudinal  timbers,  and  oovered  by  stout  planking,  and  gravel,  they  will 
form  a  dam  somewhat  of  the  triangular  form  of  Fig  7.  It  would  be  well  to  drive  the  piles  with  an 
inelination  of  their  tops  op  stream/ 

There  is  much  scope  for  ingenuity  both  in  designing,  and  in  constructing  dams  under  various  eir- 
eumstanees ;  and  in  turning  the  oourse  of  the  water  from  one  channel  to  another,  by  means  of  ditches, 
pipes,  or  troughs,  Ac.,  at  diff  heights;  aided  at  times  by  low  temporary  dams  or  mounds' of  earth ;  or 
of  sheet  piles,  Ao;  or  by  coffer-dams*;  so  as  to  keep  it  away  from  the  part  being  built.  Bach  locality 
will  have  fee  peculiar  features ;  and  the  engineer*  must  depend  on  his  judgment  to  make  the  most  of 


Abutments  of  dams  as  a  general  rule  should  not  contract  the  natural 
width  of  the  stream ;  or.  If  they  must  do  so,  as  little  as  possible ;  for  contractions  Increase  the  height, 
and  violence  of  the  overflowing  water  in  time  of  freshets ;  during  which  a  great  length  of  overfall  is 
especially  desirable.  They  should- be  very  flrmlf  oeuneeted  with  the  ends  of  the  dams;  and  should, 
If  the  section  of  the  valley  admits  of  it,  be  so  high,  aad  carried  so  far  inland,  that  the  high  water 
of  freshets  will  not  sweep  either  over  them,  or  around  their  extremities ;  and  thus  endanger  under- 
mining,  and  destruction.  In  wide,  flat  valleys*  they  cannot  be  so  extended  without  too  much  ex- 
pense; an-i  the  only  alternative  is -to  fount  them  so  deeply  and  securely  as  to  withstand  such 
action ;  making  their  height  such  (hat  they  wHl,  at  least,  be  overflowed  but  seldom.  Their  ends 
adjacent  to  the  dam,  should  be  rounded  off,  so  as  to  facilitate  the  flow  of  the  water  over  the  crest. 

They  are  best  built  of  large  stone  th  oement;  Tor  although  sufficient  strength  may  be  secured  by 
timber,  that  material  decays  rapidly  in  such  exposures.  If  of  earth  only,  they  are  very  apt  to  be 
serried  away  if  a  freshet  should  overtop  them.  •* 

Sluices  should  be  placed  In  every  important  dam.  In  order  that 

all  the  water  may  be  drawn  off,  If  necessary,  for  the  purpose  of  repairs ;  er  of  removing  mud  deposits: 
or  finding  loot  artleles  of  Importance;  ko.  They  may  be  merely  strong  boxings,  with  floor,  sides,  and 
top  of  squared  timbers ;  and  passing  through  the  breadth  of  the  dam,  Just  above  the  bottom.  To  pre* 
vent  trees,  4c,  from  entering  and  sticking  fast  in  them,  some  kind  of  strong  screen  is  expedient.  In 
common  eases  a  sluice  should  not  exceed  aboufS^  ft  by  5  ft  in  oross-section ;  otherwise  it  becomes 
hard  to  work.  Two  or  more  such  6penings  may  be  used  when  much  water  is  to  be  voided.  They 
should  be  near  the  abutments.  The  gates  or  valves  for  opening  and  shutting  them,  should  be  at  the 
up-stream  end;  for  if  at  the  lower 'one.  accumulation*  of  mud,  Ac,  will  fill  the  sluioes,  and  prevent 
them  from  working.  They  are  usually  of  timber ;  and  slide  vertically  in  rebates ;  being  raised  and 
lowered  by  rack  and  pinion ;  but  in  very  important  dams  they  may  be  of  east  iron.  Two  sets  of  sluieet 
are  desirable ;  that  one  may  be  always  ready  for  use  if  the  other  is  stopped  for  repairs. 

The  part  of  the  apron  in  front  of  she  sluice  should  be  particularly  firm,  so  as  not  to  be  deranged  by 
the  water  rushing  out  under  a  high  bead. 


are  sometimes,  bat  rarely,  bnllt  In  the  form  of  an 
areh  ;  convex  up  stream.  This  form  is  strong ;  and  when  the  shores  are  of  rock. 
It  may  be  expedient  to  use  it;  but  if  the  banks  are  son,  they  will  be  exposed  to  wear  by  the  current 
thrown  against  them  at  the  abuts  of  the  arch. 

At  times  dams  are  bnllt  obi  lonely  across  the  stream,  with 

the  object  of  increasing  the  length,  and  consequently  redaoing  the  depth  of  water  over  the  erest  in 
asses  of  freshets.  The  argument,  however,  appears  to  the  writer  to  be  of  but  little  weight,  inasmuch 
as  the  reduction  of  depth  would  extend  but  a  trifling  distanoe  up  stream  from  the  dam ;  and  would 
therefore  scarcely  have  an  appreciable  effect  in  diminishing  the  injury  to  the  overflowed  district  above. 
Moreover,  the  increased  expense  is  probably  always  more  than  commensurate  with  any  advantage 


For  **  tremblings'"  In  dams,  see  p.  286  b. 


•  Cost  of  crib  dams.  With  common  labor  at  $1.60  per  day ;  lumber,  $20  per 
1000  ft.  beard  measure,  delivered ;  stone  for  Ailing,  01  per  cub.  yard ;  gravel  fiO  cents  per  cub.  yd. ; 
iron  lor  bolts,  ete.,4ots.  per  lb.,— such  dams  in  shallow  water  usually  cost,  complete,  from  9  to  13 
•salts  per  eubio  foot,  or  $1.48  to  $8.24  per  cubic  yard  of  crib. 


II  mefwnrlnr  weirs,  si 


Fin.  9  and  10  are  designs  for  sinMll  me „  ..  > 

jhn.lfu»  streams  up  to  say  too  feet  wide;  Figs.  9  for  earth  or  gravel  bottom, 

filths  former,' the  8  X  10  inch  hemlock  sills  8,  and  8,  are  first  laid  •< 


o  10  feet  Into  each 


Figs.  9.— Measuring  Weir  on  Earth  or  Gravel  Bottom. 

lock,  is  then  driver  close  behind  the  upper  sill  S,  to  a  depth  of  from  two  to  font 
feet,  and  up  Iked  toS,.  A  third  sill,  3,,  of  tbe  same  length  as  S,  and  8,,  Is  then 
laid  behind  the  sheet  piling:  and  the  two  sills  S^  and  S,  and  the  sheet  piling  P 
are  then  secured  together,  as  shown,  by  1  inch  bolls,  spaced  about  2  feet  apart. 
The  tops  of  the  sheet  piling  project  about  a  loot  above  the  sills,  and  are  stiffened 
by  4  X  4  inch  timbers  ir,  bolted  in  front  of  theio  and  resting  upon  the  flooring 

each  end  of  the  weir  into  the  lmnk.  aud  is  there  loaded  to  its  fun  naps<dty  nith 

also  be  leveled  up  with  stones  or  gravel. 

-  A  10  X  10  inch  vellow  pine  poet  M,  a  feel  high,  is  tenoned  between  silts  S,  and 
t,  at  each  end  of  the  overflow,  and  braced  by  an  a  x  10  inch  vellow  pine  strut 
if,  tenoned  to  it  and  to  the  sill  S,.  Beyond  these  posts  the  sheet  piling  I'  extends 
as  high  as  the  too  of  the  posts,  and  Is  carried,  at  that  height  into  the  bank ;  the 
tope  of  the  piles  being  held  iu  line  by  two  2  X  a  inch  waling  pieces  an  bolted  to 

In  FIjh.  10,  the  benilock  sills,  S,  of  10*10  Inch,  and  S,  of  «x  *  inob,  net  upon  . 

a  l'otHaiid  eenieui  masoiirj  wall,  of  varying  height  to  accommodate  the  In- 

4  feet  apart.    These  bolts  pais  down  through  the  masonry,  as  shown,  and  a  foot 


re  bolted  uptight  8 


1  X  ininchtongned  and  grooved  hem- 
of  the  weir,  a  10  X  to  inch  yellow  pine 


aoncd  between  the  sills,  as  in  Figs.  9,  and  built  Into  the  m 

,:  '  '   ~""  lata  the  banks  of  the  stream. 

8  inch  oak,  beveled  so  as  to  "  ~ 


»  the  end  posts  M  il 
.     .  confined  to  -  — '■'- 
■h-boards  placed  along  the  rest  of  tl 


ea  of  water,  the  How  may  be  confined  to  a  portion 
...  «_.>.  t„..j.  _i.„.i ...... ..... iof  thjakm. 


A  orest-pleee  made  of  *  X  %  Inch  bar  iron  Is  preferable  to  one  of  wood.   It  re- 

5 aires  of  course  mueh  lest  cutting  away  of  the  sheet-piling,  and  Its  npper  edge  h 
■ssubiMtto  abrasion  by  drift  paaslnnover  the  weir.  The  topedge,Br',•1■"-,"' 
ting  ends  of  the  several  lengths,  should  Im  pinned  smooth  aud  square; 
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to  Insure  a  sharp  inner  corner  at  a  for  the  water  to  pass  over,  and  the  h 
■~J~  —  avoid  leakage.   As  a  further  precaution  against  leakage,  a  strip . 


strap  of  8  X  W  Inch  iron,  about  a  foot  long,  may  Tie  lei.  _,_ , 

sad  lAe  then  fitting,  opposite  each  joint  of  Die  former,  and  overlapping  both  the 
adjoining  ends,  the  piling  being  cut  away  U  Inch  deeper  at  those  noLota,  Id  —  - 
10  accommodate  them.    Kueh  butt-straps,  if  placed  on  the  up-stream  side 
crest-piece,  would  break  the  continuity  of  the  sheet  of  water  passing  ov 
weir,  and  thus  interfere  somewhat  with  the  correctness  of  ibe  gauging, 
iron  is  obtainable  in  any  com merclal  center,  in  lengths  of  about  16  feet, 
weighs  6J3  pounds  per  running  foot;  B  X  %,  impounds.    See  pp.  Ml ,  * 
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the  crest  n  equal  at  least  to  twice  the  head  H  on  the  weir.    It  is  therefore  better 
to  protect  the  back  of  the  weir  by  tarpaulin  rather  than  resort  to  puddling,  ex- 

"fn  along  Wait  with  alow  fall,  it  Is  difficult  to  secure  a  sufficiently  free  access 

Is  low  and  the  sheet  tends  to  hug  the  face  of  the  dam.    In  such  cases  >  partial 

the  discharge,  thus  tltiatlng  the  results.   It  Is  therefore  important,  in  designing 

l*vd«  w!tliout"S r iking""  riY  portion  of  the  weir  Itself,  for  such  striking  would 
diminish  the  clear  space  behind  the  sheet  and  increase  the  difficulty  of  pre- 
venting a  vacuum  there. 
Fur  dlsehiarsre  over  weirs,  and  other  problems  connected  with  the 


ar  w,  Figs.  9,  to  rise  behind  the 
heet  has  proceeded  to  a  certain 

funnsTiind  Is  in  turn  relisvrd,  anri  so  on,  Elite  mutely.  At  »uch  lini™  It  1 1  a...  Iwmi 
hoticed  that  light  bodies,  such  as  chips,  etc.,  floating  In  the  dowu-streani  wster  near 
tin  ends  of  ths  weir,  are  drawn  Into  the  spsce  behind  the  sheet  and  carried  toward 


thus  traveling  ba 
Lasia,p.2se*. 


.    See  Tremblings  In 


2866 


DAMS. 


Trembling*  in  Damn.  Dams  over  which  the  water  falls  in  a  long, 
smooth,  unbroken  sheet  of  considerable  height,  are  more  or  less  subject  to 
tremblings,  caused  apparently  by  alternate  compression  and  rarefaction  of  the 
air  by  the  falling  sheet,  especially  in  the  space  (W,  Fig.  20,.  p.  265)  behind  the 
sheet,  where  a  partial  vacuum  is  often  formed,  because  the  air  there  is  entangled 
in  the  falling  water  and  given  off  again  by  it  down  stream  in  the  shape  of  foam. 

Such  tremblings  sometimes  cause  a  rattling  of  windows  half  a  mile  or  more 
away.  We  have  Known  this  to  be  stopped  (in  one  case  unintentionally)  by  build- 
ing a  well-covered  wide  crib  apron,  a  few  feet  high,  against  the  front  of  the  dam, 
for  preventing  the  abrasion  of  the  bottom.  In  other  cases  a  series  of  oblique 
timbers  placed  against  the  front  of  the  dam,  and  part  way  np  it,  at  a  slope  of 
about  \lA  to  1,  and  covered  with- plank,  has  been  perfectly  effective  in  stopping 
it.  In  short,  any  device  which  admits  air  more  freely  behind  the  falling  sheet, 
or  destroys  the  continuity  of  the  latter  (such  as  flash  boards  of  different  heights 
or  placed  at  intervals  along  the  crest),  or  which  reduces  its  height  and  its  con- 
tinuous length,  ought  to  diminish  or  obviate  the  trouble. 

The  proper  time  for  building:  dams  is  of  course  at  the  longest 
period  of  low  stage  of  water. 


Table  of  thlekness  of 
more  than  ^  part   .         _ 
different  heads  of  water.    (Original.) 


white  pine  plank  required  not  to  bend 
of  its  clear  horizontal  stretchy  nnder 
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WATER  SUPPLY. 

The  quantity  «fwat«r  required  in  cities,  has  been  found  by  ex- 
perience to  increase  faster  than  the  population.  About  60  gallons,  or  8  cubic  feet, 
Eer  day,  to  each  inhabitant,  is  usually  considered  a  fair  ample  allowance.  Many 
uropean  cities  have  not  half  as  much ;  while  New  York,  and  some  others,  use 
and  waste  half  as  much  more.  With  efficient  means  for  preventing  waste,  60 
gallons  would  probably  suffice  for  any  commercial  city ;  but  inasmuch  as  clean- 
liness and  health  are  promoted  by  its  free  use,  as  few  restrictions  as  possible 
should  be  introduced. 

'Water  for  city  use  should  not  be  drawn  front  the  very  bot- 
tom of  the  reservoir,  because  it  will  then  be  apt  to  carry  along  the  sedi- 
ment ;  which  not  only  injures  the  water,  but  creates  deposits  within  the  pipes; 
thus  obstructing  the  flow.  In  fixing  upon  the  necessary  capacity  of  a  reservoir, 
this  must  be  taken  into  consideration ;  inasmuch  as  all  the  water  below  the  level 
for  drawing  off  must  be  regarded  as  lost.  When  circumstances  justify  the  ex- 
pense, it  is  well  to  curve  up  the  reservoir  end  of  the  service  main,  so  as  to  pro- 
vide It  with  valves  at  different  heights:  for  drawing  off  only  the  purest  stratum 
that  may  be  in  the  reservoir.  With  this  view,  the  valve-tower  (page  289)  gen- 
erally has  such  valves  communicating  with  the  water  in  the  reservoir;  and  by 
this  means  only  the  purest  is  admitted  into  the  tower:  and  from  it,  into  the 
city  pipes.  This  refinement,  however,  is  rarely  practicable.  Such  valves  must 
of  course  be  worked  by  watchmen.    For  rainfall,  see  p  220. 

Art.  1*  Reservoirs.  In  important  reservoirs  of  earth,  for  storing  water 
to  moderate  depths  for  cities,  experience  appears  not  to  sanction  dimensions 
bolder  than  10  feet  thick  at  top ;  inner  slope  2  to  1 ;  outer  slope  1%  to  1.*  A  top 
width  of  15  feet  to  20  feet,  and  inside  slopes  of  3  to  1,  are  adopted  in  some  im- 
portant cases;  with  outer  slopes  of  2  to  1.  Both  slopes,  however,  are  at  times 
made  only  1%  to  1.  The  level  water  surface  should  be  kept  at  least  3  or  4  feet 
below  the  top  of  the  embankment ;  or  more,  if  liable  to  waves.  In  a  large 
reservoir,  a  quite  moderate  breeze  will  raise  waves  that  will  run  3  feet  (measured 
vertically)  up  the  inner  slope.  A  low  wall,  or  close  fence,  to,  Fig.  37,  is  some- 
times used  as  a  defence  against  them.  The  top  and  the  outer  slopes  should  be 
protected  at  least  by  sod  or  by  grass.  To  assist  in  keeping  the  top  dry,  it 
should  be  either  a  little  rounding,  or  else  sloped,  toward  the  outside,!  The  soft 
soil  and  vegetable  matter  should  be  carefully  removed  from  under  the  entire 
base  of  the  embankments  ;  which  should  be  carried  down  to  soil  itself  imper- 
vious to  water,  in  order  that  leakage  may  not  take  place  under  them.  To  aid  in 
this,  a  double  row  of  sheet  piles,  or  a  sunk  wall  of  cement  masonry,  carried  to 
a  suitable  depth  below  the  bottom,  may  be  placed  along  the  inner  toe  in  bad 
cases.  If  there  are  springs  beneath  the  base,  they  must  either  be  stopped,  or 
led  away  by  pipes.  The  embankment  should  be  carried  up  in  layers,  slightly 
hollowing  toward  the  center,  and  not  exceeding  a  foot  in  thickness;  and  aU 
stones,  stumps,  aud  other  foreign  material,  such  as  clean  gravel,  sand,  and  de- 
composed mica  schists,  Ac,  that  may  produce  leaxage,  carefully  excluded.  These 
layers  should  be  well  consolidated  by  the  carts;  and  the  easier  the  slopes  are, 
the  more  effectively  can  this  be  done.  The  layers,  however,  should  not  be  dis- 
tinct, and  separated  by  actual  plane  surfaces:  but  each  succeeding  one  should 
be  well  incorporated  with  the  one  below.  This  has  sometimes  been  done  by 
driving  a  drove  of  oxen,  or  even  sheep,  repeatedly,  over  each  layer :  in  addition 
to  the  carting.  Boilers  are  not  to  be  recommended,  as  they  tend  to  produce 
seams  between  the  layers.  This  might  possibly  be  obviated  by  projections  on 
the  circumference  of  the  roller. 

Gravelly  earth  is  an  excellent  material,  perhaps  the  best.  The  choicest 
material  should  be  placed  in  the  slope  next  to  the  water ;  and  should  be  de- 
posited and  compacted  with  special  care  in  that  portion,  so  as  to  prevent  the 
water  from  leaking  Into  the  main  body  of  the  dam,  and  thus  weakening  it.  It 
is  not  amiss  to  introduce  a  bench,  6.  Fig  37.  tn  the  outer  slope,  to  diminish 
danger  from  rain  wash  by  breaking  the  rapidity  of  its  descent. 

If  the  bottom  of  the  reservoir  itself  is  on  a  leaky  soil,  or  on  fissured  rock, 
through  the  seams  of  which  water  may  escape,  it  must  be  carefully  covered 
with  from  \%  to  8  feet  of  good  puddle;  which,  In  turn,  should  be  protected  from 
abrasion  and  disturbance,  by  a  layer  of  gravel ;  or  of  concrete,  either  paved  or 
not,  according  to  circumstances. 

*  The  writer  suggests  that  a  top  width  equal  to  2  feet  +  twice  the  square  root 
of  the  height  in  feet,  will  be  safe  for  any  height  whatever  of  seservoir  properly 
constructed  in  other  respects. 

fSome  engineers  slope  the  top  toward  the  inside. 
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Reservoirs  constructed  with  the  foregoing  dimensions,  and  with  care,  map 
remain  safe  for  an  indefinite  period;  but.  where  serious  damage  wouhjl  result 
from  failure,  the  following  additional  precautious  should  be  taken. 
The  inner  slopes  should  be  carefully  faced  up  to  the  very  top,  with  at  least  a 
close  dry  rubble-stone  pitching,  not  less  than  16  to  18  inches  thick ;  as  a  protec- 
tion against  wash,  aud  against  muskrats.  These  animals,  we  believe,  always 
commence  to  burrow  under  water.  If  the  slopes  are  much  steeper  than  2  to  1, 
this  dry  pitching  will  be  apt  to  be  overthrown  by  the  sliding  down  of  the  soft- 
ened earth  behind  it,  if  the  water  in  the  reservoir  should  for  any  cause  be 
drawn  down  rather  suddenly.  It  will  be  much  more  effective,  but  of  course 
more  costly,  if  laid  in  hydraulic  cement;  and  still  more  so  if  lad  upon  a  layer 
a  few  inches  thick  of  cement-and-gravel  concrete ;  especially  if  this  last  be 
underlaid  by  a  layer  about  \XA  to  3  feet  thick  of  good  puddle,  spread  over  the 
face  of  the  slope ;  the  great  object  being  to  protect  the  Inner  slope  from  actual 
contact  with  the  water.  If  this  can  be  effectually  accomplished,  slopes  as  steep 
as  \%  to  1  will  be  perfectly  secure  *,  for  the  danger  does  not  arise  from  any  want 
of  weight  of  the  earth  for  resisting  overthrow.  Special  care  should  be 
bestowed  upon  the  inner  toe  of  the  slope,  to  prevent  water  from 
finding  its  way  beneath  it,  and  softening  the  earth  so  as  to  undermine  the  stone 
pitching.  Near  the  top.  reference  should  be  had  to  danger  of  derangement  by 
ice,  frost,  rain,  and  waves.  Flat  inner  slopes  tend  not  only  to  prevent  the  dis- 
placement of  the  pitching;  but  increase  the  stability  of  the  embankment,  by 
causing  the  pressure  of  the  water  (which  is  always  at  right  angles  to  the  slope) 
to  become  more  nearly  vertical ;  and  thus  to  hold  the  embankment  more  firmly 
to  its  base  than  if  there  were  no  water  behind  it.  Sometimes  the  toes  of  both 
the  inner  and  outer  slopes  abut  against  low  r  taining-walls  in  cement.  This 
gives  a  neat  finish,  and  tends  to  preservation  from  injury. 

Many  engineers,  in  order  to  prevent  leaking,  either  through  or  beneath  the 
embankment,  construct  a  paddle-wall,  p,  Pig.  37,  of  well-rammed  imper- 
vious soil,  (gravelly  clay  is  the 
Wf  best,)  reaching  from  the  top 

to  several  feet  below  the  base. 
This  wall  should  not  be  less 
than  6  or  8  feet  thick  on  top. 
for  a  deep  reservoir;  ana 
should  increase  downward  by 
offsets  (and  not  by  slopes,  or 
Fig.  37.  batters)  at  the  rate  or  about 

1  in  total  thickness,  to  3  or  4 
In  depth.  Other  engineers  object  to  these  puddle-walls ;  and  contend  that  leak- 
age should  be  prevented  by  making  both  the  inner  slopes,  and  the  bottom  of  the 
reservoir,  water-tight,  by  means  of  puddle,  concrete,  and  stone  facing  in  cement, 
as  just  alluded  to.  They  argue  that  if  the  embankment  is  well  constructed,  it 
is  itself  a  puddle-wall  throughout. 

Near  San  Francisco,  Cal,  are  two  earthen  reservoir  dams 
built  about  1864.  one  95  feet  high,  26  on  top,  inner  slope  2.75  to  1,  outer  2.5  to  1. 
The  other  93  high,  25  on  top,  inner  slope  3.5  to  1,  outer  3  to  1.  In  each  the  pud- 
dle-wall Is  carried  47  feet  deeper  than  the  l»ase.    No  stone  facing. 

It  is  difficult  to  prevent  water  under  high  pressure  from 
finding  its  way  through  considerable  distances  along  seams 
where  earth  is  in  contact  with  smooth  rock,  wood,  or  metal ;  as,  for  instance, 
along  the  surfaces  of  iron  pipes  laid  under  reservoir  embankments ;  or  along 
the  tie-rods  sometimes  nsed  through  tlie  puddle  of  coffer-dams ;  and  the  same 
is  apt  to  occur  under  the  bases  of  embankments  which  rest  on  smooth  rock. 
Special  care  should  be  taken  that  the  earth  used  in  such  positions  is  not  of  a 
porous  nature ;  and  that  it  is  thoroughly  compacted  all  along  the  seam ;  and  the 
straight  continuity  of  the  s^nm  should  be  interrupted  or  broken  as  frequently 
as  possible  by  projections.  Faucets  or  flanges  do  this  to  a  limited  extent  in  the 
case  of  iron  pipes ;  and  something  similar,  but  on  a  larger  scale,  should  at  short 
intervals  be  constructed  in  the  shape  of  collars  or  yokes  of  cement  stonework, 
in  the  case  pf  rock  or  masonry.    See  also  Dams,  p  282,  also  p  229,  Ac. 

It  is  usually  advisable  to  divide  reservoirs  into  two  parts,  so  that 
while  the  water  in  one  part  is  being  drawn  off  for  use,  that  in  the  other  may 
purify  itself  by  settling  its  sediment.  Also,  one  part  may  remain  in  use,  while 
the  other  is  being  cleaned  or  repaired.  Many  days,  or  even  two  or  three  weeks, 
sometimes,  are  required  for  the  complete  settlement  of  the  very  fine  clayey  par- 
ticles in  muddy  water;  depending  on  the  depth  of  the  reservoir.  One  or  more 
flights  of  steps  tort  he  bottom  of  the  reservoir  should  be  provided. 

Mud  in  Reservoirs.  The  reservoirs  of  the  New  River  Water  To,  Lon- 
don, England,  were  unoleaned  for  100  years,  daring  wh'ch  mud  8  feet  deep  was 
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deposited,  or  about  an  inch  annually.  At  Philadelphia  it  is  about  .25  inch  par 
annum  from  the  Schuylkill,  and  1  inch  from  the  Delaware  River.  At  St.  Louis, 
Missouri,  about  3  to  4  feet  per  year !  Vegetation  is  apt  to  take  place  in  shallow 
reservoirs  and  near  the  edges  of  deep  ones,  especially  in  very  warm  weather; 
and  the  plants,  on  decaying,  injure  the  water. 

'Water  flowing  through  marsh  lands  is  sometimes  unfit  for  drink- 
ing purposes.  That,  for  instance,  in  some  sections  of  the  Concord  River,  Massa- 
chusetts, was  reported  by  the  eminent  hydraulic  engineer,  Loammi  Baldwin,  of 
Boston,  to  be  absolutely  poisonous  from  this  cause. 

The  construction  of  a  large  deep  reservoir  is  not  only  a  very  costly,  but  a 
very  haaardous  undertaking.  With  every  watchfulness  and  care,  it  is  almost 
impossible  entirely  to  prevent  leaking;  although  this  may  not  manifest  itself 
for  months,  or  even  years.-  Should  a  break  occur,  especially  near  a  city,  it 
would  probably  be  atterfded  by  great  loss  of  life  and  property.  If  the  water 
onoe  finds  its  way  in  a  stream,  either  across  the  unpaved  top,  or  through  the 
body  of  the  embankment,  the  rapid  destruction  of  the  whole  becomes  almost 
certain. 

Art.  la.  Storing  Reservoir*.  The  entire  annual  yield  of  a  stream 
may  be  much  more  than  sufficient  for  supplying  a  certain  population  with 
water;  and  yet  in  its  natural  condition  the  stream  may  not  be  available  for  this 
purpose,  because  it  becomes  nearly  dry  in  summer,  when  water  is  most  needed; 
while,  at  other  seasons,  the  rains  and  melted  snows  produce  floods  which  supply 
vastly  more  than  is  required ;  and  which  must  be  allowed  to  run  to  waste.  A 
storing  reservoir  is  intended  to  collect  and  store  up  this  excess  of  water,  so  that 
it  may  be  drawn  off  as  required  during  the  droughts  of  summer,  and  thus 
equalize  the  supply  throughout  the  entire  year.  This,  when  the  locality  per- 
mits, is  effected  by  building  a  dam  across  the  stream,  to  form  one  side  of  the 
reservoir;  while  the  bill-slopes  of  the  valley  of  the  stream  form  the  other  sides. 
The  stream  itself  flows  into  this  reservoir  at  its  up-stream  end.  When  the 
stream  is  liable  to  become  nearly  dry  during  long  summer  droughts  experience 
shows  that  the  capacity  of  the  reservoir  should  be  equal  to  from  4  to  6 
months'  supply,  according  to  circumstances.  During  the  construction  of  the 
dam,  a  free  channel  must  be  pasvided,  to  pass  the  stream  without  allowing  it 
to  do  injury  to  the  work.  If  the  dam  were  built  precisely  like  Fig  37,  entirely 
of  earth,  it  would  plainly  be  liable  to  destruction  by  being  washed  away  in  case 
the  reservoir  should  become  so  full  that  the  water  would  begin  to  flow  over  its 
top.  To  provide  against  this  we  may,  by  means  of  masonry,  or  of  cribs  filled 
with  broken  stone,  or  otherwise,  construct  either  the  whole,  or  part  of  the  dam, 
to  serve  as  an  overfall,  or  a  waste-weir.  Or  a  side  channel  (an  open  cut, 
pipes,  or  a  culvert,  Ac)  may  be  provided  at  one  or  both  ends  of  the  dam,  and  In 
the  natural  soil,  at  such  a  level  as  to  carry  away  the  surplus  flood  water  before 
it  can  rise  high  enough  to  overtop  the  earthen  dam.  Besides  these,  and  the 
pipes  for  carrying  the  water  to  the  town,  there  should  be  an  outlet,  with  a  valve 
or  gate,  at  the  level  of  the  bottom  of  the  reservoir ;  in  order  that,  if  necessary 
for  repairs,  or  for  cleaning  by  scouring,  all  the  water  may  be  drawn  off.  The 
entrances  to  the  city  pipes  should  be  protected  by  gratings,  to  exclude  fish,  Ac. 

To  facilitate  repairs  or  renewals  of  all  waives,  Ac,  which 
are  under  water,  the  reservoir  ends  of  the  pipes  or  culverts  to  which  they 
are  attached,  may  be  surrounded  by  a  water-tight  hox  or  chamber,  which  will 
usually  be  left  open  to  the  reservoir ;  but  may  be  closed  when  repairs  are  re- 
quired. Access  may  then  be  had  to  them  by  entering  at  the  outer  end,  after 
the  water  has  flowed  away  from  inside.  In  case  the  outlet  is  through  a  long 
line  of  pipes  which  cannot  thus  be  entered,  a  special  entry  for  this  purpose  may 
be  cast  in  the  pipe  itself,  near  the  outer  toe  of  the  embankment;  to  be  kept 
closed  except  in  case  of  repairs.  Sometimes  a  better,  but  more  expensive  means 
of  access  to  such  valves,  is  secured  by  enclosing  them  in  a  valve- tower  of 
masonry.  This  is  a  hollow  vertical  water-tight  chamber,  like  a  well ;  hut  near 
the  toe  of  the  inner  slope ;  having  its  foundation  at  the  bottom  of  the  reservoir ; 
whence  the  tower  rises  through  the  water  to  above  its  surface.  This  chamber 
is  provided  with  valves  or  gates  usually  left  open  to  the  reservoir;  but  which 
may  be  closed  when  repairs  are  needed  ;  and  the  water  in  the  tower  allowed  to 
escape  from  it  through  the  open  valves  of  the  outlets.  This  done,  workmen  can 
descend  through  the  tower  by  ladders  from  the  aperture  at  its  top. 

At  times  the  outlets  for  the  discharge  of  surplus  flood  water  are,  like  those  for 
scouring,  placed  at,  or  just  above,  the  level  of  the  bottom  of  the  reservoir.  In 
order  that  these  may  work  in  case  of  a  sudden  flood  at  night,  Ac,  they  must  be 
furnished  with  self-acting  valves,  which  will  open  of  their  own  accord  when  the 
flood  is  about  to  rise  too  high.  This  may  be  effected  by  attaching  them  to  floats, 
the  rising  of  which,  when  the  water  is  high,  will  pull  them  open.  AH  such  out- 
lets should  be  large  enough  to  let  men  enter  them  for  repairs.    They  should  by 


no  means  be  laid  through  the  »rU0cla]  earthen  body  of  the  dun  itself,  wlthoit 
being  supported  upon  masonry  reaching  flown  to  ■  firm  natural  foundation; 
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>nly  single, 

themselves  usually  emjiLT.  for  inapectlon;  but  It  _ 
better  to  beie  two  nltea,M  that  one  mar  be  used  when  the  other  needi  repair: 
and  In  tbla  case  one  may  be  placed  at  each  end.  Reservoirs  which  are  supplied 
by  pumps,  need  no  precaution!  against  overflow  ;  became  the  pumping  It 
■lopped  when  tbej  are  filled  to  the  proper  height.  Large  itorlng  reeenoira 
necessarily  submerge  more  or  leas  land,  which  has  therefore  to  be  purchased. 
By  intercepting  the  descending  water,  they  frequently  prevent  spring  floods 
rntm  Injuring  low  landt  farther  dawn  stream.  It  then  are  mills  down  stream 
rsmn  the  reservoir,  tbey  would  evidently  be  deprl red  of  water  for  driving  them, 

a  portion  of  that  stored  In  the  reservoir  be  devoted  to  that  purpose. 
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It  it  well  to  allow  In  addition  from  ^  inch  to  1  inch,  or  more,  (depending  on 
the  character  or  the  water,)  to  each  diameter;  for  deposits  and  concretions. 

The  water,  after  reaching  the  city  through  one  or  more  large  main  pipes  from 
the  reservoir,  must  be  distributed  through  the  streets  by  means  of  smaller 
mains  branching  from  the  larger  ones.  The  diameters  of  these  smaller  ones 
also  may  be  found  by  Table  A.  Thus,  if  a  street,  with  its  alleys,  Ac,  contains 
about  6000  persous,  (the  rate  of  head  being,  as  before,  not  less  than  50  feet  to  a 
mile  at  any  point  of  the  system,)  then  we  see  by  the  table  that  a  10-inch  pipe 
will  answer.  Tt  would  be  well  to  lay  no  city  street  pipes  of  less  than  6  inches 
diameter. 

Mains  which  cross  each  other  should  he  connected  at  some 
of  their  intersect  Ions*  to  allow  the  water  a  more  free  circulation  thrmigh- 
out  the  entire  system ;  so  that  if  the  supply  at  any  point  is  temporarily  cut  off' 
from  one  direction  by  closing  the  valves  for  repairs,  or  is  diminished  by  exces- 
sive demand,  it  may  be  maintained  by  the  flow  from  other  directions. 

Avoid  dead  ends  when  possible,  as  the  water  in  them  becomes  foul  and 
unwholesome, 

Rulk  2.  With  the  same  diameter*,  different  rates  of  head  will  supply  the  propor- 
tion* tte  popultttloits  in  coltcmn  8  of  Table-  B.  Or,  to  And  the  diameters  whim  at  different 
rate*  oj  head  will  supply  the  same  populations  gtven  in  the  last  column  of  Table  At 
multiply  the  diameter  given  in  Table  A,  by  the  corresponding  number  in  col- 
umn 4  of  Table  B;  or  (approximately)  do  as  directed  in  column  5. 


TABLE  B. 

(Original ) 

Oot.1. 

Col.  3. 

Col.  8. 

Ooc.4. 

Col.  a. 

Bate  of  Head, 
to  Feet  per  Mile. 

Rate  of  Head, 
compared  with 
that  ia  Table  4. 

Proportionate 
Populations. 

Proportionate 

Diam.  to  supply 

the  Populations 

in  Table  A. 
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&5 
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00 

8.0 

10.0 
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.45 
.50 

.55 

•64 

.71 

.78 

.64 

.87 

.90 

.95 

1.00 

1.23 

1.41 

1.60 

1.7S 

2.00 

225 

j             240 

!             2.83 

8.18 

1.58 

1.87 

1.82 

1.27 

1.20 

1.14 

1 .11 

1.07 

1.08 

1.05 

1.02 

1.00 

.92 

.88 

.83 

.80 

.76 

.78 

m 

.68 
.68 

Add  one-third. 

Add  full  one-fourth. 
Add  one-fifth. 
Add  one- seventh. 
Add  one-ninth. 
Add  one-foarteeata. 
Add  one-sixteenth. 
Add  one-twentieth. 
Add  one-flftietu. 

Deduct  one-thirteenth. 
Deduct  one-eighth. 
Deduct  full  one-sixth. 
Deduct  one-fifth. 
Deduct  nearly  one-fbsrtk. 
Deduct  nearly  two  seremhs. 
Deduct  three-tenth*. 
Deduct  foil  one-third. 

Example.  By  Table  A  we  see  that  with  the  rate  of  head  of  60  feet  per 
mile,  a  30-inch  pipe  will  supply  a  population  of  91580 ;  but  with  three  times  tl.at 
rate  of  head,  or  150  feet  per  mile,  we  see  by  column  3,  Table  B,  thst  the  same 

Eipe  will  supply  1.73  times  as  many  persons,  or  91580X1.73=  158433  persons, 
ut  if,  at  this  greater  rate  of  head,  we  stilt  wish  to  supply  only  91580  persona, 
then  we  find  in  column  4L  Table  B,  that  we  may  diminish  the  diameter  of  the  pipe 
from  SO,  dowu  to  80  X -80  =-24  inches;  or,  by  column  5,  we  have  30—6  =  24 
inehes. 

Again,  after  the  water  has  reached  the  citv  by  the  30-ineh  pipe  of  Table  A, 
if  we  wish  to  distribute  it  through  the  city  V  say  eight  branches  or  smaller 
mains,  we  see  by  column  6,  Table  A,  that  each  of  them  must  have  at  least  13V£ 
inches  diameter.  From  these  eight,  other  smaller  ones  may  branch  off  into  the 
cross  streets,  alleys,  Ac ;  and  in  estimating  the  supply  required  for  any  partic- 
ular street  main',  we  must  evidently  add  what  is  required  also  for  such  cross 
streets,  Ac,  Ac,  as  are  to  be  fed  from  said  main. 

If  certain  limited  parts  of  a  city  pipe  system  have  considerably  less  rates  of 
heaa  than  most  of  the  remainder,  it  may  become  expedient  to  supply  the  former 
bv  a  special  separate  main  of  larger  diameter;  which  may  start  either  directly 

21 
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from  the  reservoir;  or  as  a  branch  from  the  grand  fowling  main  which  feeds  the 
lower  parts,  according  to  circumstances. 

It  must  be  remembered,  that  although  by  increasing  the  diameters,  an  abun- 
dant supply  may  be  obtained  under  a  small  rate  of  head,  as  well  as  under  a  great 
one,  yet  the  water  will  not  rise  to  as  great  a  height  in  the  serviee  pipes  for  sup- 
plying the  different  stories  of  dwellings,  Ac  Even  with  the  diameters  in  Table 
A,  the  water,  under  ordinary  use,  will  not  rise  in  these  pipes  to  the  full  height 
of  the  surface  of  the  reservoir;  and  if  an  unusual  drawing-olf  is  going  on  at 
the  same  time  at  many  parts  of  the  system,  as  in  case  of  an  extensive  fire,  or 
frequently  during  the  hot  summer  months,  it  may  not  rise  to  even  one-half  of 
that  height. 

Art.  S.  The  following  has  been  fonndwery  effective  for 
'nrewentins;  concretions  in  water  pines.  Formerly  in  Boston,  cast- 
iron  city  pipes,  4  inches  diameter,  became  closed  up  in  7  years ;  and  those  of 
larger  diameter  became  seriously  reduced  in  the  same  time.  But  later,  during 
8  years,  in  which  this  Tarnish  was  used,  no  concretions  formed.* 


Coal-niteh  Tarnish  to  be  applied  to  pipes  anel  easting?*, 
made  for  the  Water  I>epariment  of  Philadelphia,  under 
the  folio  wins;  conditions: 

Pint.  Every  pipe  must  be  thoroughly  dressed  and  made  clean,  free  from  the 
earth  or  sand  which  cling*  to  the  iron  in  the  moulds;  hard  brushes  to  be  used 
in  finishing  the  process  to  remove  the  loose  dusL 

Second.  Every  pipe  must  be  entirely  free  from  rust  when  the  varnish  is  ap- 
plied. If  the  pipe  cannot  be  dipped  immediately  after  being  cleansed,  the  sur- 
face must  be  oiled  with  Unseed  oil  to  preserve  it  until  it  is  ready  to  be  dipped: 
no  pipe  to  be  dipped  after  rust  has  set  in. 

Third.  The  coal-tar  pitch  fa  made  from  coal  tar,  distilled  until  the  naphtha 
is  entirely  removed,  and  the  material  deodorized.  It  should  be  distilled  until  it 
has  about  the  consistency  of  wax.  The  mixture  of  five  or  six  per  cent  of  linseed 
oil  is  recommended.  Fitch  which  becomes  hard  and  brittle  when  cold,  will  not 
answer  for  this  use. 

Fourth.  Pitch  of  the  proper  quality  having  been  obtained,  it  must  be  care- 
fully heated  in  a  suitable  vessel  to  a  temperature  of  900  degrees  Fahrenheit,  and 
must  be  maintained  at  not  less  than  this  temperature  during  the  time  of  dip- 
ping. The  material  will  thicken  and  deteriorate  after  a  number  of  pipes  have 
been  dipped ;  fresh  pitch  must  therefore  be  frequently  added ;  and  occaaionsHy 
the  vessel  must  be  entirely  emptied  of  ite  old  contents,  and  refilled  with  fresh 
pitch :  the  refuse  will  be  hard  and  brittle  like  common  pitch. 

Fifth.  Every  pipe  must  attain  a  temperaiu  re  of  900  degrees  Fahrenheit,  before 
it  is  removed  from  the  vessel  of  hot  pitch.  It  may  then  be  slowly  removed  and 
laid  upon  skids  to  drip. 

All  pipes  of  20  Inches  diameter  and  upward,  will  require  to  remain  at  least 
thirty  minutes  in  the  hot  fluid,  to  attain  this  temperature;  probably  more  in 
cold  weather. 

Sketh.  The  application  must  be  made  to  the  satisfaction  of  the  Chief  Engineer 
of  the  Water  Department:  and  the  material  be  subject  at  all  times  Jo  his  ex- 
amination, inspection,  ana  rejection. 

Seventh.  Payment  for  coating  the  pipes  will  only  be  made  on  such  pipes  as 
are  sound  and  sufficient  according  to  the  specifications,  and  are  acceptable  inde- 
pendent of  the  coating. 

Eighth.  No  pipe  to  be  dipped  until  the  authorized  inspector  has  examined  it 
as  to  cleaning  and  rust ;  ana  subjected  it  thoroughly  to  the  hammer  proof.  It 
may  then  be  dipped,  after  which,  it  will  be  passed  to  the  hydraulic  press  to  meet 
the  required  water  proof. 

Ninth.  The  proper  coating  will  be  tough  and  tenacious  when  cold  on  the 
pipes,  and  not  brittle  or  with  any  tendency  to  scale  off.  When  the  coating  of 
any  pipe  has  not  been  properly  applied,  and  does  not  give  satisfaction,  whether 
from  defect  in  material,  tools,  or  manipulations,  it  shall  net  be  paid  for;  if  it 
scales  off  or  shows  a  tendency  that  way,  the  pipe  shall  be  cleansed  inside  before 
it  can  be  reeoated  or  be  receivable  aa  an  ordinary  pipe. 

*Mr.  Dexter  Bracken,  of  Boston,  informs  us,  1892,  that  while  tubercles  fern 
there  in  uncoated  pipes  to  a  thickness  of  about  three-quarters  of  an  inch,  rendering 
4-inch  pipes  of  little  or  no  value  for  fire  supply,  yet  no  actual  stoppage  has  been 
known  to  occur  from  this  cause  during  the  twenty-three  years  of  his  connection 
with  the  City  Engineering  Department.  He  states  also  that  even  their  coated  pipes, 
taken  tip  after  being  in  the  ground  for  ten  or  fifteen  years,  are  generally  found  to  be 
pitted  on  their  inner  surfaces. 


WATER-PIPES. 


293 


Art.  4.  The  pipes  are  laid  to  conform  to  the  vertical  undulations  of  the  street 
surfaces.  The  tops  of  the'  pipes  are  laid  not  less  than  3%  feet  below  the  surface  of 
the  street;  but  in  3-inch  pipes  the  water  has  at  times  been  frozen  at  that  depth. 

In  Philada.,  In  1885,  there  were  about  784  miles  or  street 
pipes;  or  about  1  mile  to  every  1100  inhabitants.  The  population  was  about 
860,000;  residing  iu  about  150,000  dwellings.  Berlin,  1887-8;  1,400,000  inhab- 
tante,  in  20,000  houses  (average  70  persons  per  house).  Mean  consumption  per  head, 
17  U.  8.  gallons  per  day ;  maximum,  24 ;  minimum,  12% ;  all  approximate.  25,000 
wheel  meters  in  use.    Compare  p  287. 

Ho)  fralvanlc  action  has  been  observed  where  lead  pipes  or  brass  unite  with 
east-iron  ones.  Ho  pipe  less  than  6  inches  diam  should  be  laid  iu  cities;  and 
even  they  only  for  lengths  of  a  few  hundred  feet.  Their  insufficiency  is  chiefly  fult  in 
case  of  fire.  8  ins  would  be  a  better  minimum.  No  more  leakage  occurs  in  winter 
than  in  summer;  except  from  the  bursting  of  private tervie&ptpes  by  freesing. 

To  compact  the  earth  thoroughly  against  the  pipes  excludes  air,  and  greatly  im- 
pedes rust.  Pipes  may  be  corroded  by  the  leakage  of  gas  through  the  body  as  well  as 
through  the  joints  of  adjacent  fras-plpetu 

For  thickness  of  metal  pipes  to  resist  safely  the  pressure  of  various 
beads,  see  p  233  of  Hydrostatics. 

WEIGHT  OF  CAST-IBOir  WATER-PIPES, 


in  Phi  I  a,  and  tested  by  hydraulic  press  before  delivery  to  an  internal 
pros  of  900  lbs  per  sq  inch.  This  table  includes  spigots,  and  faucets  or  bells.  The 
pipes  are  required  to  be  made  of  remelted  strong  tough  gray  pig  iron,  such  as  may 
be  r*adily  drilled  and  chipped;  and  all  of  more  than  8  ins  diam  to  be  cast  vertically, 
^rith  tr«  bell  end  down.  Deviations  of  6  per  cent  above  or  below  the  theoreti- 
cal weights,  are  allowed- for  irregularities  in  casting,  which  it  seems  impossible  to 
avoid. 

The  pipes  are  in  lengths  from  3  to  Begins  longer  than  12  ft ;  so  that  when  laid  they 
measure  12  ft  from  the  mouth,/,  Fig  38,  of  one. bell  to  that  of  the  next. 


Diam. 


Ina. 
3 
4 
6 
8 
16 
12 


Tbfok- 
ness. 


Ids. 


Wtper 
length. 

Diam. 

LtM. 

Ins. 

,     158 

.    16 

211 

20 

385 

20 

460 

30 

667 

30 

899 

30 

Tniek* 
new. 
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length. 


Lb«. 
1322 
1654 
1798 
3313 
8610 
3964 


Diam. 


Ins. 
36 
36 
36 

48 
48 
48 


TMok- 


Wtper 
length. 


Lbs. 
4334 
4862 
5366 
7282 
8667 
9378 


Price,  1890,  about  $30  per  ton  of  2240  pounds,  depending  on  size  and  quantity 
ordered.  Elbows,  Connections,  etc.,  about  75  to  100  per  cent.  more.  In  ordering 
anything  by  the  ton,  be  careful  to  specify  the  number  of  lbs.  (2240).  This  prevents 
wimnderstandings 

The  following  sizes  of  lap-welded  wrongrht-iron  water-pipe  are 

made  by  the'  National  Tube  works  Co.,  McKeesport,  Pa.,  and  fitted  with  their 
"Converse  patent  lock-joint."  One  end  of  each  length  of  pipe  lias  the 
lock-joint  permanently  attached  (leaded)  to  it  at  the  works  before  shipping.  The 
"  weights  per  foot"  include  these  joints.  The  weight  of  "  lead  per  joint M  given  is 
that  required  to  be  poured  in  Joying  the  pipe,  or  that  for  one  side  only  of  the  joint. 

Onter  diam,  ins ..       2         3  4         6         6         8  10       12       16 

Weight  per  ft,  lbs «..     1.86  3.48  5.26  7.33  8.76  13.20  17.08  25.12  47.70 

Lead  per  joint,  lbs %  1^  2%      8%  8&      6%  6      8%        16 

Average  ear  load : 

Number  of  lengths. 800  880  275      145  126      128  80       56       40 

"       «  feet 11500  5600  4500  2600  2000    2000  1200     800     630 

The  pipes  are  tested  for  a  bursting  pressure  of  600  lbs  per  square  inch,  or  higher 
if  desired.  They  are  furnished  either  coated  with  asphaltum,  or  "kala- 
meined;"  or,  if  desired,  first  kalameined  and  then  coated  with  asphaltum. 
Kalameining  consists  in  "  incorporating  upon  and  into  the  body  of  the  iron  a  non- 
corrosive  metal  alloy,  largely  composed  of  tin.1*  The  surface  thus  formed  is  not 
eraeked  by  blows,  or  by  bending  the  pipe,  either  hot  or  cold. 
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The  joint,  or  coupling,  is  of  cast-iron,  and  has  internal  recesses  which  receive  and 
hold  luge  on  the  outside  of  each  length  of  pipe,  near  each  of  its  ends.  The  joint  is 
then  poured  with  lead  in  the  usual  way  (see  next  page),  either  with  clay  collars,  or 
with  a  special  pouring  clamp  furnished  by  the  Go.  This  clamp  resembles  the 
"jointer.  Figs  39  Ac,  except  that  it  is  in  two  rigid  semi-circular  pieces,  connected 
together  by  a  hinge-joint,  and  furnished  with  handles  like  those  of  a  lemon-squeezer, 
and  has  a  hole  in  one  side  for  pouring.  The  coupling  forms  a  flush  inner  surface 
with  the  pipe  at  the  joint,  thus  avoiding  much  of  the  resistance  of  cast-iron  pipes 
to  flow.  For  cases  where  it  may  be  necessary  to  make  frequent  changes,  the  coup- 
lings are  made  in  two  pieces,  which  are  bolted  together  by  flanges. 

Wrongrnt-tron.  for  pipes,  has  the  great  advantages  orer  cast-iron 
of  lightness,  toughness,  and  pliability.  The  lightness  Of  wronght-iron  pipes  ren- 
ders them  easier  to  handle,  and  cheaper  per  foot  notwithstanding  that  their  cost  per 
ton  is  about  25  per  cent  greater.  They  are  not  liable  to  breakage  in  transportation 
or  from  rough  handling,  and  they  may  be  bent  through  angles  up  to  about  25°. 
They  therefore  require  no  special  bend  castings  for  such  angles.  The  National  Go 
supply  bending  machines,  to  be  worked  by  two  men.  One  machine  can,  by  changing 
the  dies,  be  used  in  bending  all  sizes  of  pipe.  The  pipes  are  in  lengths  of  from  15  to 
18  feet,  instead  of  12  feet,  as  in  the  case  of  cast-iron,  so  that  fewer  Joist*  are 
required  per  mile. 

The  Go  furnish  special  "service  clamps"  and  tapping  machines  for  Attaching 
service  pipes  to  mains.  This  may  be  done  (as  in  the  case  of  the  Payne 
machine,  page  299)  while  the  main  is  under  pressure.  The  service  clamp  is  a  cast- 
iron  saddle,  which,  before  the  main  is  tapped,  is  attached  to  it  by  means  of  a  U 
bolt,  and  which  remains  permanently  so  attached  after  the  tapping.  A  sheet-lead 
gasket  is  placed  between  clamp  and  main.  The  clamp  lias  a  tapped  cylindrical 
opening  through  it,  into  which  the  corporation  stop  (see  page  299)  is  screwed  before 
che  pipe  is  tapped.  The  drill  of  the  tapping  machine  passes  through  the  stop,  and 
through  the  cylindrical  opening  in  the  clamp,  and  drills  through'  die  lead  gasket 
and  through  the  side  of  the  main. 

The  Go  furnish  also  pipe-cutting  machines,  and  special  castings  (reducers, 
crosses,  Ac,  Ac)  fitted  with  the  Converse  joint* 

Art.  5.    Wrousrnt-iron  pipes  corrode  much  more  rapidly  than  cast. 

A  {rutta-percha  pipe,  %  inch  thick,  and  %  inch  bore,  has  sustained  safely 
an  internal  pre*  of  more  than  250  lbs  per  sq  inch ;  equal  to  nearly  600  feet  head.  It  merely  swelled 
slightly  at  837  lbs.  In  1851  a  tube  of  that  material,  2}j  iua  bore,  about  H  inch  thick,  and  1850  ft  long. 
was  suuk  in  the  Bast  River,  New  York,  to  carry  the  Croton  water  to  BlackweM's  Island.  It  was  held 
down  by  weights.  It  proven  unsatisfactory  owiug  to  abrasion  canned  by  tidal  currents,  and  injury 
from  the  anchors  of  dragging  vessels.  A  wrapping  of  canvas,  confined  by  spun  yarn,  was  useful  ia 
preventing  the  former,  but  not  the  latter.   This  pipe  was  replaced  in  1870  by  wrougat-iron  pipes. 

Ball's  patent  iron  and  cement  pipe,  is  made  by  The  Patent  Water 

and  Uas  Pipe  Co,  of  Jersey  City,  N.  J.  It  is  formed  of  riveted  sheet-iron,  and  each  length  is  dipped 
Into,  and  coated  with,  a  hot  mixture  of  coal  tar  and  asphalt.  The  lining  of  hydraulic  cement  is  then 
applied.  This  ranges,  in  thickness,  from  %  inch  for  1 '2-inch  pipes  to  1  inch  for  20-inch  pipe..  This 
pipe  is  made  up  to  diams  of  36  ins.  It  is  laid  iu  a  bed  of  cement  mortar,  and  completely  covered  with 
the  same.  Suitable  means  are  provided  tor  makiug  all  the  attachments,  Ac,  required  in  city  pipes 
for  water  and  gas.  More  than  1800  miles  of  it  are  iu  use  in  various  towns,  some  of  it  for  35  years ; 
and  it  appears  to  give  general  satisfaction.  Tubercles  do  uot  form  ia  these  pipes,  as  they  are  apt  te 
do  in  cast-iron  ones.  There  is  every  reason  to  supitose  that  tbey  are  durable.  Toe  trenches  being 
dug,  the  Jersey  City  Co  furnish  pipes  and  lay  them  (including  the  cement). 

A.  WyckotT  &  Son,  Elraira,  N.  Y.,  make  wooden  water  pipes.  For 
pressures  of  15  to  '20  lbs  oer  sq  Inch,  they  furnish  either  plain  pipes,  8£{  to  I  ins  square  externally, 
and  from  1^  to  4  ins  internal  diam ;  or  round  piped,  1  inch  to  10  ins  bore,  coated  externally  wits 
aspbaltum  cement.  At  their  ends,  both  the  square  and  the  round  pipes  arc  banded  with  iron.  For 
pressures  from  40  to  160  lbs  per  sq  inch,  the  round  wooden  pipes,  before  being  coated  with  cement, 
are  spirally  wnapped,  by  steam  power,  with  hoop  iron,  which  is  first  passed  through  a  preparation 
pf  coal-tar.  The  iron  is  wound  so  tightly  as  to  be  imbedded  in  the  pipe,  leaving  it*  outer  surface 
flush  with  that  of  the  wood.  The  ends  of  each  length  of  pipe  receive  extra  banding.  The  aspbaltum 
cement  ooating  is  then  applied.  These  pipes  have  been  extensively  and  successfully  used  for  both 
water  and  gas.    Suitable  arrangements  are  provided  for  joints  and  connections. 

Water  pipes  of  bored  oak  and  pine  logra,  laid  iu  Philada  50  to  60 

years  ago,  are  frequently  quite  sound,  and  still  fit  for  use,  except  where  outer  sap  wood  is  decayed. 
When  this  1b  removed,  many  of  these  old  pipes  have  been  retaid  in  factories,  Ao.  Clay  wtU  packed 
around  wooden  pipes,  excludes  tbe  contact  of  air,  and  thus  contributes  greatly  to  their  durability* 
Loose  porous  soils,  such  a*  gravel,  Ac,  on  the  contrary,  are  unfavorable. 

Pipes  made  of  bitumlnised  paper,  prepared  nnder  great  pressure, 

have  been  used  for  both  water  and  gas.  They  are  much  less  liable  to  break  than  east-iron,  and  do 
not  weigh  or  oost  more  than  about  half  aa  much.  Pipes  of  5  ins  bore  and  \i  loch  thick,  have  resisted 
test  strains  of  220  Dm  per  sq  iaoa ;  equal  to  a  water  head  of  607  ft. 
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t.  ••  Fig  88  is  a  standard  form  of  pipe-Jolnt,  Phi  la,  1886.  The 
clear  distance,  d,  between  the  spigot  and  the  faucet,  is  nearly  uniform  for  all  sixes 
of  pipe,  varying  only  from  ^  'ncn  for  4-inch 
pipe,  to  A  inch  for  30-inch  pipe.  The  depth, 
m  n,  of  the  faucet  varies  from  3  ins  in  4-iuch 
pipe,  to  4  ins  in  30-inch  pipe. 

The  small  beads  at  s  and  m,  t'  and  mf  on  the 
spigot  end  of  the  pipe,  project  about  %  inch ; 
and  are  to  prevent  the  calking  material  from 
entering  the  pipe.  The  calking  consists  of  about 
1  to  2  ins  in  depth  of  well-rammed,  un tarred 
gaftket,  or  rope  yarn;  above  which  is  poured 
melted  lead,  confined  from  spreading  by  means 
of  clay  plastered  around  the  joint.  The  lead  is 
afterwards  compacted  by  a  calking  hammer. 

The  lead  is  poured  through  a  hole  left  in  the 
cU»y  on  the  upper  side  of  the  pipe.  In  large 
pipes  two  additional  holes  are  left  in  the  clay, 
oaf  at  each  side  of  the  pipe,  and  lead  is  first 
powred  into  the  side  holes  by  two  men  at  once, 
one  matt  pouring  into  each  side  bole  until  the 
Joint  is  half  full.  The  side  holes  are  then 
•topped,  and,  after  the  lead  already  poured  has 
hardened,  the  two  men  finish  the  pouring  by 
means  of  the  top  hole.  This  course  is  necessary, 
because  the  great  weight  of  melted  lead  in  the 
entire  large  joint  would  press  away  the  clay  at 
thus  escape. 

The  moistnre  in  the  clay  is  liable  to  freeze  in  cold  weather,  and  to  render  it  too 
hard  to  be  used.  It  is  also  liable,  at  all  times,  as  is  also  any  dampness  in  the  pipe, 
to  be  converted  into  steam  by  the  heat  of  the  melted  lead.  The  steam  sometimes 
breaks  out,  or  M  blows'1  through  the  clay,  allowing  the  lead  to  escape. 

Art.  7.  The  Watkins  patent "  Pipe  Jointer"  avoids  these  difficulties  by 
dispensing  with  the  ring  of  clay.    It  consists  of  a  ring  R,  Figs  39  and  40,  of  square 


£^0.38 

the  lower  side  of  the  >Dint,  and 


gross  section,  and  made  of  packing  composed  of  alternate  layers  of  hemp  cloth  and 
India  rubber.  This  ring  Is  encircled  by  one  or  more  thin  strips  of  spring  steel, 
which  are  riveted  to  it  at  intervals,  as  shown.  E  E  are  iron-elbows  riveted  outside 
of  the  steel  bands.  After  the  gasket  has  been  rammed  into  its.  place,  the  ring  is 
placed  around  the  spigot  near  the  faucet,  in  the  position  shown  in  Fig  40.  and  is 
held  loosely  by  the  clamp,  fig  41,  one  point  of  which  enters  a  small  pit  in  each 
of  the  elbows,  B  B.  The  ring  is  then,  by  means  of  a  hammer,  driven  close  up  against 
the  end,/,  of  the  faucet,  Fig  38 ;  the  screw  of  the  clamp  js  tightened  somewhat,  so 
as  to  bring  the  ring  close  to  the  spigot ;  a  small  dam  of  clay  Js  placed  in  front  of  the 
aperture  between  the  two  elbows,  E  B;  and  the  joint  is  ready  for  pouring.  .  After 
the  lead  has  hardened,  the  "Jointer"  is  removed,  and  is  ready  for  use  at  another 
Joint.  One  can  be  used  for  several  hundred  joints.  They  of  course  dispense  with 
the  services  of  the  men  who  prepare  the  clay  collars,  and  supply  them  to  the  pour- 
ers.  Upon  the  removal  of  the  "Jointer "  the  lead. is  found  smooth,  requiring  tw 
chipping,  as  it  is  apt  to  do  when  poured  in  the  ordinary  way.  One  of  these  jointers, 
for  4-iuch  pipe,  costs.  1888.  $8.60 :  6-inch.  $5 ;  8-inch.  96.50 ;  12-inch,  89 ;  16-inch.  |12 ; 
24-inch,  $18;  36-inch,  $tf;  48=fnch,  832,  etc.  Thos.  Watkins,  Patentee  and  Sole 
Manufacturer,  Johnstown,  Pa. 


296  WATER-PIPES. 

Art.  8.  As.  further  pre.entil-osgiioM  thn  escnpc  «f  (IB  J  of  the  «■> 
bt!t  Into  the   pipe,  Mr  Clm'..  li.  I>Bn»i;lj.  Hyriranlju   K. iitirj.fr,  I'liiln,  jj];.<-™  ;, 

inch  di.meter  that  |t  can  Jilt  be  pushed  through  til*  apace,  J,  Mg  38,  betwHii'Vis 

driven as  cloHely  as  pw.ii.lu  Into  the  ii.rro-  nngltr  apace mod, Fig  38.  ¥he  ga£ 

Art-gVln  JohnV.  vViirii^ flexible  joint.  Fig.  42.  (or  cast-lroa 
tripes  laid  across  the  Irregular  beds  of  streams,  a  portion,  no.  of  the  inside  of  the 
bell  Bis  accurately  turned  to  form  the  middle  zone  of  a  sphere  with  center  at  C, 

outside  of  the  spigot  S,  la  turned  to 

fitting  the  former.  The  lead  is  poured 
while  the  two  adjacent  lengths  of  pipe, 
reeliuii  on  suitable  vaseela  or  floats, 
are  in  a  straight  line,  or  nearly  so.  The 

-  lead  occupies  the  apace™*,  shown  black, 
and  is  held  in  place  on  the  spigot  by  the 

i_  depression  it  d.  Aa  fast  as  the  joints  are 
thu.  filled,  the  floats  are  moved  for- 
ward, and  the  pipes,  if  small,  are  passed 
into  shallow  water  without  further  care. 
Suitable  apparatus  Is  used  for  lowering 
large  pipes  into  deep  water  without  nn- 


-  bla  to  split  the  bell,  is  prevented  by  the 

nig  jo  stops  at  on  on  the  bell  and  hod  the 

.  "BtaWT  ,pigoti  In  somecusea  preliminary  dredg- 

ing may  be  expedient,  to  diminish  abrupt  irregularities  of  the  bottom.  Over 
thirty  lines  of  pipe  furnished  with  this  joint  have  been  successfully  laid,  of 
diameters  up  to  3  feet. 

~    Flga  43,  A  is  a  donble  branch  !  which  Is  a  pipe  hating,  in 


ad,  as  nsudr,  Fig  C, 

plgot-end-faucet  Joint.    In  this  ca" 

Id  Dpoo  one  of  the  pieces  of  pipe 

Id  back  Into  the  position  in  the  fflg,  so . 


cannot  now  bs  iineituil.  owing  to  the  ovprlnpiirnamr  tiie  Dfig-it  an  J  fHitc.  I  en... 

short  pieces  must  tjeswbstltuteil  Ibr  it.  One  end  of  each  of  the**  Is  lead-Jointed  to 
the  pf|«  slrrndy  laid  ;  while  the  other  two  ends,  which  will  probably  be  a  few 
lucbos  apart,  are  co  re  ted  by  aaleere,  1 1,  FlgO. 
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Omcke  may  at  time*  be  temporarily  repaired  In  an  emergency,  by  a  wrapping  of 
folde  of  mnu  thoroughly  nUornt.il  wltli  white-le«d  paint;  and  lightly  confined  la 

Be  nn*-fnl,  also,  for  strengthening  p(p«  that  are  cob. 
littered  to  be  In  danger  of  banting. 

To  i»tt*u-ii  n.  ftlp*-,  e.  Fir  4S,  to  me.  /*, 
Mlratiljr  In  *we,  bat  In  which  no  prorislon  has 

cknea*  of  the  pipe.    If  the  new 
,  would  be   Irmrannlontly  wide. 
It  may  be  u*<le  oval,  wltn  tlie  longest  diameter  In  the  direction  or  the  Inapt*  of 
the  pipe,/.    In  that  case  the  easting  a  will  be  oval  at  fta  naagee;  and  circular 

Art.  19.  The  following  table,  arranged  from  data  kindly  fomtthed  by  the  lata 
Isaac  Newton,  C  E,  Ch  Bag,  Dept  of  PuE  Wlu,  New  York,  and  hie  Ant,  Mr.  James 
Drums,  grree  the  B.\'era#;e  pricea,  Ac,  of  pipes  and  Imylvar,  Id  thai 
dty,  tor  three  yawn  prior  to  1B86.  Tho  pipes  era  In  lengths  of  12  ft,  and  coat  134  per 
3000  pounds.    Cn paving,  digging  trenches,  re-IMing  «d  re-paring  net  Included. 

•Irian  of  pipe  In  In..... B        II       W         M         48 

Welarmtlnlheof  pipe  alone,  per  length 43a  WOO  MO     4*50     ftJW 

Coat  In  I  of  pipe  alone,  per  length-. J™™."" '.'."'.'.'  l.tl  11.60  35.00    86.06  114.38 

«■*»■■»     «      "  n _ .da  i.«  aw    7.o«  iij« 

Least-  per  Joint,  lie,  at  6  Ms  per  lb... 11      S      II        80      M» 

"         "      I -, .«6     1.10    2.0S      4.00      1M 

■S-TJ*^— -»- :jf   ,g    J    a     J 


Jock  lumber  par  length,  I. 

,  clay,  io,  per  joint,  t- ., -,-... 

Una;  pet  length,  t „__ 

■r  per  length,! ................ 


*•»■*•  LB  i  Sf  ^j"8' 


of  plpe,iKT  length...  1.88    £82     6.S*    1 

"     ,r^  "    ft .14      .S4      .4* 

t,  of  pipe  and  laying,  per  length- 9.20  2CLM  40.88    I 


new.    ThUauybeanventedbjelr  I 
■oruuutblcli  l<  fteriaeMI  alMW 

at  °t  tajm  of  ™«,  a.  ™J2*p  hTuk  igi 

faalEAk;  vblaapeeaas  Vbrnnib  opeQloa»tQ 
«•  brtdaa-ban  a  a.  and  • :  ibtprtj  alloelnl 
il.  Ami  is  Tin  sal  fall  IMafar,  h=i  pn.™t- 
laa  It  (ra-  a»lla|  plis.lja.      Whan    HI 

run  (a  haa  trial  In  ll"a  r alve  «.  wllei  rlaaa 
■sdraUairltbllandiesflesl.    Bippoaeihs 
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egress  to  the  outer  air,  by  closing  the  opening  at  v.  Now,  air  carried  along  by  the 
water,  will,  on  account,  oi  its  lightness,  ascend  to  the  highest  points  it  meets  with. 
Hence,  when  such  air  arrives  under  the  opening  a  a,  it  will  rise  through  it, 
and  ascend  to  e;  the  closed  valve  preventing  it  from  going  farther.  Thus 
successive  portions  of  air  ascend,  and  in  time  accumulate  to  such  an  extent 
as  gradually  to  force  much  of  the  water  downward  out  of  the  box.  When 
this  takes  place,  the  float,  which  is  held  up  only  by  the  water,  of  course  de- 
scends also;  and  iu  doing  so,  pulls  down  with  it  the  valve  v.  The  accumulated 
air  then  instantly  escapes  through  the  openings  at  v  and  n,  into  the  atmosphere; 
and  the  water  in  the  pipe  mm,  immediately  ascends  again  into  the  box,  carry- 
ing with  it  the  float;  and  thus  again  closing  the  valve  v.  The  valve,  and  the 
valvenseat  e,  are  faced  with  brass,  to  avoid  rust,  and  consequent  bad  fit.  The 
whole  is  protected  by  an  iron  or  wooden  cover,  reaching  to  the  level  of  the  street. 


pipes,  for  convenience  of  washing  the  streets,  and  being  frequently  opened 
for  that  purpose,  permit  also  the  escape  of  accumulated  air. 

The  escape  of  compressed  air  tbrouarh  an  air  valve,  or 
other  opening,  has  been  known  to  produce  bursting:  of  the 
main  pipes;  for  the  escape  is  instantaneous,  and  permits  the  columns  of 
water  in  the  pipes  on  both  sides  of  the  valve,  to  rush  together  with  great 
forces,  which  arrest  each  other,  and  react  against  the  pipes. 

Air- Vessels.  Motion  is  imparted  to  the  water  in  a  line  of  pipes,  by  the 
forward  stroke  of  the  piston  of  a  single-acting  pump:  but  during  the  backward 
stroke,  this  motion  is  stopped ;  and  the  water  in  the  pipes  comes  to  rest.  There- 
fore, at  the  next  forward  stroke,  all  the  water  has  to  be  again  set  in  motion; 
and  the  force  that  must  be  exerted  by  the  pump  to  do  this  is  much  greater  than 
Would  be  required  if  the  motion  previously  imparted  had  been  maintained 
during  the  time  of  the  backstroke.  The  addition  of  an  air-vessel  secures  this 
maintenance  of  motion,  and  thus  effects  a  great  saving  of  power ;  besides  dimin- 
ishing the  danger  of  bursting  the  pipes  at  each  forward  stroke.  It  is  merely  ft 
tall  and  strong  air-tight  iron  box,  usually  cylindrical,  strongly  bolted  on  top 
of  the  pipes  just  beyond  the  pump,  and  communicating  freely  with  them 
through  an  opening  in  its  base.  It  is  full  of  air.  The  forward  stroke  of  the 
jrisron  then  forces  water  not  only  along  the  pipes,  but  also  into  the  lower  part 
of  the  air-vessel,  through  the  opening  in  its  base;  thus  compressing  its  con- 
tained air.  But  during  the  backstroke,  this  compressed  air,  being  relieved  from 
the  pressure  of  the  pump,  expands:  and  in  so  doing  presses  upon  the  water  in 
the  pipes/and  thus  keeps  it  in  motion  until  the  next  forward  stroke ;  and  so  on. 
An  air-vessel  also  acts  as  an  air-cushion;  permitting  the  piston  to.  apply  its  force 
to  the  water  in  the  pipes  gradually:  .thus  preserving  both  the  pipes  and  the 
pump  from  violent  shocks.  The  air  in  the  vessel,  however,  becomes  by  degrees 
absorbed  and  taken  away  by  the  water;  and  its  action  as  a  regulator  then 
ceases.  To  prevent  this,  fresh  air  must  be  forced  into  the  vessel  from  time  to 
time  by  a  condenser,  or  forcing  air-pump.  A  dottbU*act{ng  pump  does  not  jo 
much  need  an  air-vessel.  There  is  no  particular  rule  for  the  site  or  capacity  of 
air-vessels.    Iu  practice  it  appears  to  vary  from  about  5  to  50  times  that  of  the 

>ump;  with  a  height  equal  to  two  or  more  times  the  diameter.    A  stand-pipe 

see  below)  is  sometimes  used  instead  of  an  air-vessel. 


I 


A  stand-pipe  is  sometimes  used  for  the  same  purpose  as  an  air-Teasel  (see 
above).  It  is  a  tall  pipe,  open  to  the  air  at  top;  and  communicating  freely  at 
its  foot  with  the  water-pipe,  in  the  same  manner  as  in  an  air-vessel.  Its  top 
must  be  somewhat  higher  than  that  to  which  the  pomp  has  to  force  the  water 
through  the  svstera  of  pipes;  otherwise  the  water  would  be  wasted  by  flowing 
over  its  top.  The  area  of  its  transverse  section  should  be  at  least  equal  to  that 
of  the  pipe  or  pipes  which  conduct  the  water  from  it;  but  it  is  at  thnea  better 
to  have  it  much  larger,  as  a  stand-pipe  may  then  answer,  especially  in  a  small 
town,  as  a  reservoir,  if  the  pumping  should  cease  for  a  few  hours.  A  stand-pipe 
should  be  cylindrical,  not  conical;  for  if  thick  Ice  should  form  on  top  of  the 
Water  in  a  conical  one,  a  sudden  forcing  of  it  upward  by  the  pomp  might  .strain 
the  stand-pipe  seriously.  The  stand-pipes  connected  with  the  Philadelphia 
Water- Works  are  from  126  to  170  feet  high ;  6  feet  diameter :  and  made  of  riveted 
boiler-iron  about  %  inch  thick  near  the  base,  and  about  \i  inch  near  the  top. 
They  have  no  protection  from  the  weather ;  nor  are  they  braced  in  any  manner: 
but  retain  their  positions  by  their  own  inherent  strength,  although  ?xpostd  si 
times  to  violent  winds. 
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AH.  14.    The  Bftrvtre-plpOB  far  ajuppiyl  tic  alule  dwell  ihe*, 

ar.  of  l«l ;  and  of  %  to  %  iucSbor..    They  are  connoted  will,  tie  street  mains, 
■  n,  Fig  4a,  by  a  bran  frm-ulp,/.  lure  shown  Hi 

The  tapering  ferrule  I.  merely  hart  driven  into  I  iyl- 

ptpe,  rr,  is  attached  to  the  olber  end  of  the  lerrnle; 

overlnpp'"K  it  iili'inl  lJiirm;  «r,d  tli.:  joint  solncni.U. 
The  u.Ira  thicfcne«e  ne.tr/,  Is  for  rWitur  proper  ili.w 

Mnpoocki  tnulidlg  each  mrloe-pitM,  aud  to  Its  **■"•  **■ 

bj  which  th.plnml»rMnMopttotTwhMMr«t.h^dnrtnKind1>,>rrn^rfl"*;iil. 


Art.  IB.    Tim  so-culled  - eorparattoi.  •tops"  or  K  torporstioti  cocks" 

ire  inserted  Into  the  pipe  by  ■.  special  machine,  Fig  46.   Their  great  advantage  over 

(he  ferrule,  Flu  46,1s  that  they  can  be  I  niter  ted  Into  a  pipe  whan  the 

'IMter  ia  full  of  water  under  pressure.    Besides, 


»Flu  40  shows  one  made  by 
Walter  8.  Ptrnc  A 
CO.,  FostorJa,  Ohio.     Each 


The  chain  lii  tightened  by  a  bolt 

er,  C  C  (into  which  n  lap-nnd -drill, 
,  have  first  been  Inserted),  la  then 

•arlly  acre-wed  on  to  a  mandrel,  u! 

!  the  drill-shank,  X,  pass  through 

I  In  one  with  the  head  of  the  cjl. 

Ill,  not  »ln,wn  ill  the  (Ik,  this  lien  (I 

ihlle  the  body  of  the  cjl  renmlns 

..bring  111.,  drill,  T.ard«fr,r.F.  into 

Kir*.  46.  'h°  rmiMHiilvs  positions  shown  in  the  fig.    When  the 

^  CTl  head  com«  to  th«  pmper  posltlon.it  is  stopped  uy 

a  lng  inside  of  Iha  cjl.    The  drill  It  (hen  Immediately  over  the  center  of  a  large 

circular  opening  in  the  has*  or  the  bjLC  C,  and  over  a  similar  opening,  through  Ihe 

saddle,  to  the  surface  of  the  pipe  to  be  fapped.    It  is  then  poshed  down  until  11 

drtn-elianlt,  K ;  tiie  feedei-joae  Y,  witli  feed 'scre»,  F.  Is  pnt  in  position as  shown  i 

the  pipe,  Ifunder  preasnre.Tusbes  out  through  the  hole  thne  made,  and  Bill  the 

CyBy  reversing  the  position  of  the  switch  on  the  ratchet  In  the  wrench,  W,  and  by 
working  the  latter,  the  tap  la  now  withdrawn  from  the  hole,  but  remain"  In  tim  rjl. 
The  eyl  head  la  How  revolted  so  aa  to  reverse  the  poadtions  of  8  nnd  T ;  the  lug  in- 
aide  of  the  cjl  slopping  the  head  when  the  ilop  la  Immediately  over  the  hole.  By 
rneana  of  the  ralchst-wrench,  applied  to  the  aqnare  head  of  the  mandrel,  M,  the  atop, 
P  j(Af  >.^tTo/ttMc«miut*eeloi«r),la  now  acre  wed  into  the  hole,  but  onljtar  enough 
to  hold  secnrely,  and  thna  pre'ent  the  fnrther  escape  of  the  water  from  the  pipe 
when  (lie  machine  Is  now  removed.  The  atop  Is  now  screwed  firmly  Into  place  by 
leanxifa  wrench  applied  to  a  square  on  the  stop  Itself.  When  the  pres  In  the  plpa 
.. ........  „„, ,. lnch  ,)„  n.ej|nB  apMrstns,  at  mod  with  the  drift  (m 


SCO  11™  per  ao  inch,  the  feeding  aVMi* 
»  used  In  nldlng  Ihe  Insertion  of  the  s 
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The  mandrel,  M,  is  made  in  two  lengths  (one  of  which  screws  into  the  other)  In 
order  that  the  upper  part  may  be  out  of  the  way  of  the  wrenoh-handle  while  drill- 
ing. It  has  three  or  more  diff  threads  at  its  foot,  to  suit  diff  sizes  of  stop.  Stops, 
made  to  suit  the- machine,  are  furnished  as  wanted. 

The  machine  can  work  in  any  direction  radial  to  the  pipe,  and  can  therefore  be 
used  for  tapping  a  pipe  in  any  part  of  its  circumference. 

After  the  stop  is  inserted,  the  service-pipe  is  attached  to  its  outer  end  by  a  coup- 
ling nut  passing  over  the  thread  there  shown. 

The  machines  are  guaranteed  to  tap  under  a  pressure  of  600  lbs  per  square  inch. 
They  are  made  in  five  sizes,  weighing  from  15  to  68  pounds,  and  costing,  1888,  tram 
$75  to  $176.  The  smallest  size  taps  holes  from  34  inch  to  %  inch,  and  the  largtat 
size  from  %  inch  to  2  inches,  diameter.  These  prices  are  for  the  machines  complete! 
Including  3  tap*  and  drills  and  3  saddles,  but  exclusive  of  stops. 

Other  forms  of  pipe-tapping.machines  are  the  Boston,  made  by  Whittier  Machine 
Co.,  office,  Granite  and  First  Sts,  Boston,  Mass;  the  Lennox,  by  Lennox  Foundry  and 
Machine  Works,  MarshaUtown,  Iowa ;  Young's  by  the  Hasten  (Pa)  Brass  Works', 
Letzkus',  James  H.  Harlow,  Eng'r,  agent,  Pittsburgh,  Pa ;  Sperling's,  Mueller's,  and 
'Hadesty's.  Any  of  these  can  be  had  through  the  larger  manufacturers  and  dealers 
in  plumbers'  supplies;  as  Haines,  Jones  &  Oadbury,  1136  Bidge  Ave,  Phila.;  McCam- 
bridge  A  Ob.,  627  Cherry  St,  Phila;  Chas  Perkes,  627  Arch  St,  Phila. 


8TOP-VALVE8. 
Art.  10.    SMp-VBlvra,  nr  #;«tM,upenIog  varlkilty  In  grfovea.  are  placed 


»y<to.     Tlwir  iiKlitothut 


The  details  a 


h*"*' 


i  a  gate  it 

or  box,  ¥  B, 
i  J),  ionlf,  la 

hj  Chapman 

dawn,  ai  in   the  Ufa.  If 
orascrew.D,  the  valve 
hen  ail  the  way  up,  nn 

which  compose 

theboiorcov 

rarekol 

ad  together  by 

rke  two  principal  caatisga  which  co 

■  dailta  iniall  panic  lea  of  foreign  mailer  which  might  oiherwlM  prevent  the  gate 
m  closing  perfectly.    The  valve  seats  are  faced  with  Babbllt  metal.    At  the  top 


The  following  are  the  weight*  and  approximate  irlMi  of  these  valves, 
fhey  give  a  tolerable  average  nf  the  wti  andprlces  of  similar  gates  by  nther  flrst- 
rliai  makers,  among  whom  are  laaae  ».  Ouwin.  2d  St  and  Uermantowu  Ave,  Phlla: 
Lndlow  Valve  Hfg  5o,  K»  River  Bt,  Troy,  N  T ;  and  Whlttler  MechCo,  office,  Qranlt. 


Iron  liridgan,  and  heavy  to 
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n  with  ouUM«  « 


Art.  IS.    A  f«nr-w»y  (top,  nr  fonr-waj 
THITe,  Jlga  to  and  61,  n  placed  at  Itae  fnlemctioil  of 

two  iiN.il].:  Ihr  r.,ur  nidnol  v. Iii.-li  meattaclied,  mppc- 
ti.ely,  la  (he  four  opening.,  M  M  ill  M.    At  the  bollom 


^Ki^.r^p^'  p'b^™™"^7 

Si? 47  mu,i  ^i  *h"  tt  ""'n"' bn 

l»  prefect* 

lnaflxnueh  «H  all  a<>dEn»nt  fimpci  Snlo  [be  bottom 
ripening  which  lead,  to  toe  lire-hydrant,  the  th1v  8  it  not 
liable  to  clogging  through  thla  canal.     The  fire-lij- 


Ftge  rio  and  fil'rep™i»n(  VlnaA  (bur-Way  nlle, 
1610  Bnjwn  St  Philadelphia.  The  ping,  P,U.h. 
truncated  foor-ildod  pyramid.    Etch  of  In  ulupln, 


•r  nippl*  ih»n  would  be  pMat 

}/"  KeyetoOi  H 


_  id  pyramid.    

aof  white  metal.    Tor  prion 

■    ».y;r  — • 


hollow  Iroii  casting.  In  tbeiBapeof  ■ 


dlacounta,  address  a. 
nraVet  Hf-M-wsy  TaUea. 
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Ajrt.  19#  Whatever  theityleof  the  gate  may  be.  it  is,  when  attached  to  the  pipe, 
protected  by  a  an r round ln£  box,  generally  of  plank  or  cast-ivon,  with 
lour  sides,  which  taper  so  that  the  box  is  of  smaller  hor  section  at  top  than  at  bottom. 
It  is  open  at  bottom,  but  has  a  movable  iron  top,  level  with  the  street.  This  top  is 
taken  off  when  the  valve  is  to  be  opened  or  closed,  or  iusi>ected.  Two  of  the  oppo- 
site sides  of  the  box  of  course  have  openings  for  the  passage  of  the  pipes  to  or  from 
the  valve. 

The  gates,  especially  of  large  mains,  must  be  closed  very  slowly.  Otherwise,  the 
too  sudden  arresting  of  the  momentum  of  the  flowing  water  would  be  apt  to  break 
either  them  or  the  covers;  or  burst  the  pipes.  As  a  precaution  agaituit  this,  the 
covers  for  very  large  valves  are  cnst  with  outside  strengthening  ribs. 

No  self-acting  air-valves  (Fig  44  A)  are  now  placed  at  street  summits,  to  allow 
confined  air  to  escape.  The  fire-plugs  answer  instead.  The  rod  for  hor  bends  in 
roainq  is  if  possible  not  less  than  about  12  times  their  diams ;  they  are  made  as  large 
as  the  widths  of  the  streets  will  admit ;  usually  about  50  ft.  Flre-plnf?*,  Figs 
62.  Ac,  are  placed  as  much  as  possible  at  summits,  so  as  to  serve  also  for  washing 
the  streets ;  and  for  the  escape  of  accumulated  air.  They  average  about  8  in  num- 
ber to  each  mile  of  pipe ;  or  1  to  each  block  of  buildings. 
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Art.  SO.  Fig  62  ropra-oDts  a  common  (tree!  nre-irin^or  Ore-hydra.)  t. 


^rllmpiu 

w.ter,  which 

irallowod 

woold  be  ia 

llm.iii 

tango,  I,  on  1 

•W  into  (1> 

rongb  the 

frost- 

jnchet,  j  i 

LaMrraajUndM-NiTon 

bll>  when  (h 

»oSmm$?°i^ 

drtM  is  IKm 

infected  agninst  in- 

JUS/™m  ? 

!th"jrtre. 

.1  «„,,. 

Co,  Indian   Orchard.  Kh,    (he 
vitlve, tt. inn sliitlng  on*. 

The  mem,  jf,  Flu  6.1,  hi  which  lb. 
screw,  i,  It  attached.  It.  like  that  In 


the  two  guides,  p0,  which  era  cmI  in  one  place,  ceapectlTelj,  with  the  two  oerf  lido 

with  the  hydrant  case,  \  la  faced  with  a  gun-metal  ring,  *  e,  which  beat*  agalnata 
timilar  ting,  made  of  Babbitt  metal,  let  into  the  hydrant  caae. 
The  water,  left  in  the  hydrant  caienfter  doting  the  nlre,  escmpew  through 


.cylindrical  hole,d,a 

Thistu.lo1--- '      l 


When  the  nil.',  beginl  to  rlae,  the  belt,  A  la 
o  until  the  vUve  it  again  entinlj  dead. 


EHK.B3  Flo.  54,  B-i«.ee 
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MECHANICS.   FORCE  IN  RIGID  BODIES. 


In  the  following  pages  we  endeavor  to  make  clear  a  few  elementary  principles 
of  Mechanics.  The  opening  articles  are  devoted  chiefly  to  th »  subject  of  matter  in 
motion;  for,  while  an  acquaintance  with  this  is  perhaps  not  absolutely  required  in 
obtaining  a  working  knowledge  of  those  principles  of  Statics  which  enter  so  largely 
into  the  computations  of  the  civil  engineer,  yet  it  must  be  an  important  aid  to  their 
intelligent  appreciation.  • 

Those,  however,  who  wish  merely  for  infoi  mation  on  problems  of  Statics,  may  turn 
at  once  to  Articles  25,  etc.,  pp.  318  e,  etc. 

Art.  1  («.).  Mechanics  may  be  denned  ns  that  branch  of  science  which 
treats  of  the  effects  of  force  upon  matter. 

This  broad  definition  of  the  word  ''Mechanics"  includes  hydrostatics,  hydraulics, 
pneumatics,  etc.,  if  not  also  electricity,  optics,  acoustics,  and  indeed  all  branches  of 
physics;  trot  we  nhaU  here  confine  ourselves  chiefly  to  the  consideration  of  the  action 
of  extraneous  forces  upon  bodies  supposed  to  be  rigid  or  Incapable  of  change  of  shape. 

(b)  Mechanics  is  divided  into  tw»  branches,  namely: 

Kinematics;  or  the  study  of  the  motions  of  bodies,  without  reference  to  the 
causis  of  motiou ;  and 

Dynamics,  or  the  study  of  force  and  its  effects. 

The  latter  is  sub-divided  into 

Kinetics;  which  treats  of  the  relation*  between  force  and  motion;  and 

Statics  %  which  considers  those  special,  but  Very  numerous,  cases,  where  equal 
and  opposite  forces  counteract  each  other  and  thus  destroy  each  other's  motions. 

Art-  8  (a).  Matter,  or  substance,  may  be  defined  as  whatever  occupies  space; 
as  mata  ,  stoue,  wood,  water,  air,  steam,  gas,  etc. 

(b)  A  body  is  any  portion  of  matter  which  is  either  more  or  less  completely 
separated  in  fact  from  all  other  matter,  or  which  we  take  into  consideration  by  itself 
and  as  if  it  were  bo  separated.  Thus,  a  stone  is  a  body,  whether  it  be  falling  through 
the  air  or  lying  detached  upon  the  ground,  or  built  up  into  a  wall.  Also,  the  wall  is 
a  body;  or,  if  we  wish,  we  may  consider  any  portion  of  the  wall,  as  any  particular 
cubic  foot  or  inch  in  it,  as  a  body.  The  earth  and  the  other  planets  are  bodies  and 
their  smallest  atoms  are  bodies. 

A  train  of  card  may  be  regarded  as  a  body ;  as  may  also  each  car,  each  wheel  or 
axle  or  other  part  of  the  car,  each  passenger,  etc,  etc. 

Similarly,  the  ocean  is  a  body,  or  we  may  take  as  a  body  any  portion  of  it  at  pleas- 
ure, such  us  a  cubic  foot,  a  certain  bay,  a  drop,  etc. 

(c)  Bat  in  what  follows  we  shall  (as  already  stated)  consider  chiefly  rigtd  bodies: 
»*.  e.f  bodies  which  undergo  no  change  in  shape,  such  as  by  being  crushed  or  stretched 
or  pulled  apart,  or  peneti  ated  by  another  body.  All  actual  bodies  are  of  course  more 
or  less  subject  to  some  such  changes  of  shape ;  t.  «.,  no  body  h  in  /act  absolutely 
rigid;  but  we  may  properly,  for  convenience,  suppose  such  bodies  to  exist,  because 
many  bodies  are  so  nearly  rigid  that  under  ordinary  circumstances  they  undergo 
little  or  no  change  of  shape,  and  because  such  change  as  does  occur  may  be  con- 
sidered under  the  distinct  head  of  Strength  of  Materials 

(d)  But  while  bodie*  are  thus  to  be  regarded  as  incapable  of  change  of  form,  it  is 
equally  important  that  we  regard  them  as  susceptible  to  change  of  position  as  wholes. 
Thus,  they  may  be  upset  cr  turned  around  horizontally  or  in  any  other  direction,  or 
moved  along  in  any  straight  or  curved  line,  with  or  without  turning  around  a  point 
within  themselves.    In  short  they  ere  capable  of  motion,  as  wholes. 

For  instance,  if  we  wish  to  ascertain  the  effect  of  a  given  force  fh  to  overturn  or 
upset  a  stone,  S,  p.  837,  around  one  of  its  edges,  n  we  suppose  the  stoue  to  remain 
whole.  But  if  we  wish  to  know  whether  the  edge  n  will  be  in  danger  of  being  frac- 
tured when  the  whole  weight  of  the  stone  comes  upon  it  during  th*  process  of  upset- 
ting, we  resort  to  the  crushing  strength  of  stone.  It  is  plain  that  a  body,  when 
pushed  or  pulled  in  several  directions  at  once,  may  not,  as  a  whole,  have  the  slightest 
tendency  to  move  in  one  direction  rather  than  another;  yet  some  of  its  particles  must 
tend  to  move  in  one  direction  and  others  in  other  directions.  See  (<  Strength  of 
Materials/'  pp.  434,  etc. 
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ArC  3  (a).  Motion  of  a  body  is  change  of  its  position  in  relation  to  another 
body  or  to  some  real  or  imaginary  point,  which  (for  convenience)  we  regard  as  fixed, 
or  at  rest  Thus,  while  a  stone  falls  from  a  roof  to  the  ground,  its  position,  relatively 
to  the  roof,  is  constantly  changing,  as  it»  aloo  that  relatively  to  the  ground  and  that 
relatively  to  any  given  point  in  the  wall ;  and  we  say  that  the  stone  is  in  motion  rela- 
tively to  either  of  those  bodies,  or  to  any  point  in  them.  Knt  if  two  stones,  A  and  B, 
fall  from  the  roof  at  the  same  instant  and  reach  the  ground  at  the  same  (subsequent) 
instant,  we  say  that  although  each  moves,  relatively  to  roof  and  ground,  yet  they 
have  no  motion  relatively  to  each  other;  or,  they  are  at  rest  relatively  to  each  other; 
for  their  position  in  regard  to  each  other  does  not  change ;  i.  e„  in  whatever  direction 
and  at  whatever  distance  stone  A  may  be  from  stone  B  at  the  lime  of  starting,  it 
remains  in  that  same  direction,  and  at  that  fame  distance  from  B  during  the  whole 
time  of  the  fall.  Similarly,  the  roof,  the  wall  and  the  ground  are  at  rest  relatively 
to  each  other,  yet  they  are  in  motion  relatively  to  a  falling  stone.  They  are  also  in 
motion  relatively  to  the  sun,  owing  to  the  earth's  daily  rotation  about  its  axis,  and 
its  annual  movement  around  the  sun. 

(b)  If  a  train-man  walks  toward  the  rear  along  the  top  of  a  freight  train  just  as 
fast  as  the  train  moves  forward,  he  is  in  motion  relatively  to  the  train;  but,  as  a 
whole,  he  is  at  rest  'relatively  to  buildings,  etc.  near  by ;  for  a  spectator,  standing  at 
a  little  distance  from  the  track,  sees  him  continually  opposite  the  same  part  of  such 
building,  etc.  If  the  man  on  the  train  now  stops  walking,  he  comes  to  rest  relatively 
to  the  train,  but  at  the  same  time  comes  into  motion  relatively  to  the  surrounding 
buildings,  etc.,  for  the  spectator  sees  him  begin  to  move  along  with  the  train. 

(c)  Since  we  know  of  no  absolutely  fixed  point  in  space,  we  cannot  say,  of  any 
boly,  what  its  absolute  motion  is.  Consequently,  we  do  not  know  of  such  a  thing  as 
absolute  red,  and  are  safe  in  saying  that  all  bodies  are  in  motion. 

Art.  4  (a).  The  velocity  of  a  moving  body  is  its  rate  of  motion.  A  body  (as  a 
railroad  train)  is  said  to  move  with  uniform  velocity,  or  constant  velocity* 
when  the  distances  moved  over  in  equal  times  are  equal  to  each  other,  no  matter  how 
small  those  times  may  be  taken. 

(d)  The  velocity  la  expressed  by  stating  the  distance  parsed  over  during  some 
given  time,  or  which  would  be  i>as-ed  ov<  r  during  fhat  time  if  the  uniform  motion 
continued  so  long  Thus,  if  a  railroad  train,  moving  with  constant  velocity,  passes 
over  10  miles  in  half  an  hour,  w«  may  say  that  its  velocity,  during  that  time,  is 
(i  «.,  that  it  moves  at  the  rate  of)  20  miles  per  hour,  or  106,600  feet  per  hour,  or  1760 
feet  per  minute,  or  29%  feet  per  second.  Or,  we  may,  if  desirable,  say  that  it  moves 
mt  the  rate  of  10  miles  in  half  an  hour,  or  89  feet  in  three  seconds,  etc. ;  but  it  is 
generally  more  convenient  to  state  the  distance  passed  over  in  a  unit  of  time,  as  in 
one  day.  one  hour,  one  second,  etc. 

(c)  If,  of  two  trains,  A  and  11,  moving  with  constant  velocity, 

A  moves  10  miles  in  half  an  )  our, 

B  moves  10  miles  in  quarter  of  an  hour, 

then  the  velocities  are, 

A,  20  miles  per  hour, 

B,  40  miles  per  hour. 

In  other  words,  the  velocity  of  a  body  (which  may  be  defined  as  the  distance  passed 
over  in  a  given  Hme)  is  inversely  as  the  time  required  to  pa*s  over  a  given  distance. 

(d)  By  unit  velocity  is  meant  that  velocity  which,  by  common  content,  is  taken 
as  equal  to  unity  or  one.  Where  English  measures  are  used,  the  unit,  velocity  gen- 
erally adopted  in  the  study  of  Mechanics  is  1  foot  per  second. 

(e)  When  we  say  that  a  body  has  a  velocity  of  20  miles  per  hour,  or  10  feet  per 
second,  etc..  we  do  not  imply  that  it  will  necessarily  travel  20  miles,  or  10  feet,  etc. ; 
for  it  may  not  have  sufficient  time  for  that  We  mem  merely  that  It  is  traveling  at 
the  rate  of  20  miles  per  hour,  or  10  feet  per  second,  etc. ;  so  that  if  it  continued  to  move 
at  that  same  rate  for  an  hour,  or  a  second,  etc.,  it  would  travel  20  miles,  or  10  feet,  etc. 

(**)  When  velocity  increase*,  it  is  said  to  be  accelerated.  When  it  decreases, 
it  is  said  to  be  retarded*  If  the  acceleration  or  retardation  is  in  exact  proportion 
to  the  time ;  that  is,  when  dnrin«any  and  every  equal  interval  of  time,  the  same  degree 
of  change  takes  place,  it  is  uniformly  accelerated,  or  retarded.  When  otherwise,  the 
words  variable  and  variably  are  used. 

{*)  A  body  may  have,  at  the  same  time,  two  or  move  independent  velocl- 
requiring  to  be  considered.    For  instance,  a  ball  fired  vertically  upward  from  a 

22 
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Sn,  and  then  falling  again  to  the  earth,  has,  daring  the  whole  time  of  its  rise  and 
1,  (1st)  the  uniform  upward  velocity  with  which  it  leaven  the  muzsie,  and  (2nd)  the 
continually  accelerated  downward  velocity  given  to  it  by  gravity,  which  acts  upon  it 
daring  the  whole  time.  Its  retultant  (or  apparent)  velocity  at  any  moment  is  the 
difference  between  these  two. 

Thns.  immediately  offer  leaving  the  gun.  the  downward  velocity  given  by 
gravity  is  very  small,  and  the  resultant  velocity  is  therefore  upward  and  very 
nearly  equal  to  the  whole  upward  velocity  due  to  the  powder.  But  after  awhile 
the  downward  velocity  (by  constantly  increasing)  becomes  equal  to  the  upward 
velocity;  i.  «.,  their  difference,  or  the  resultant  velocity,  becomes  nothing;  the  ball 
at  that  instant  stands  still ;  but  its  downward  velocity  continues  to  increase,  and 
immediately  becomes  a  little  greater  than  the  upward  velocity ;  then  greater  and 
greater,  until  the  ball  strife  s  the  ground.     At  that  instant  its  resultant  velocity  is 


rthe  downward  velocity  which  it  would  )         (    the  un  form  upward 
-1   have  acquired  by  falling  dnrmg  the      >  —{  velocity  given  by  the 
I         whole  lime  of  Us  rise  and  fall.  )         (  powder. 


We  have  here  neglected  the  resistance  of  the  air,  which  of  course  retards  both 
the  ascent  and  the  descent  of  the  ball. 

(h)  As  a  farther  illustration,  regard  a  b  n  c  fig.  9V$  p.  320,  as  a  raft  drifting  in  the 
direction  caornb.  A  man  on  the  raft  walks  with  uniform  velocity  from  corner  n  to 
corner  c  whil*  the  raft  drifts  (with  a  uniform  velocity  a  little  greater  than  that  of 
the  man)  through  the  distance*  n  fr.  Therefore,  when  the  man  reaches  corner  e, 
that  corner  has  moved  to  he  point  which,  when  he  started,  was  occupied  by  a. 
The  man's  resultant  motion,  relatively  to  the  bed  of  the  rivor  or  to  a  point  on  shore, 
has  therefore  been  n  a.  His  m  >tion  at  right  angles  tono,  due  to  his  walking,  is 
t  c,  but  that  due  to  the  drifting  of  the  raft  is  o  6.  These  two  are  equal  and  opposite. 
Hence  his  reenltant  motion  at  right  anghs  to  naU  nothing;  he  does  not  move  from 
the  line  n  a.  His  walking  moves  him  through  a  distance  equal  to  n  i,  in  the 
direction  n  m;  and  the  drifting  through  a  distance  equal  to  *  a,  and  the  sum  of  these 
two  is  a  a. 

(i)  All  the  motions  which  we  see  given  to  bodies  are  but  chamgeu  in  their  unknown 
absolute  motions.  For  convenience,  we  iniy  confine  our  attention  to  some  one  or 
more  of  these  ohangea,  neglecting  others. 

Thus,  in  the  case  ef  the  ball  ired  upward  from  a  gun  (see  (g)  above)  we  may 
neglect  its  nniform  upward  motion  and  consider  only  its  constantly  aocelrnited 
downward  m->tion  under  the  action  of  gravity ;  or,  as  is  more  usual,  we  may  consider 
only  the  resultant  or  apparent  motion,  which  is  first  upward  and  then  downward.  In 
both  cases  we  neglect  the  motions  of  the  ball  caused  by  the  several  motions  of 
the  earth  In  space. 

Art.  5  (si).  Force,  texe  oaum  of  change  of  motion.  Suppose  a 
perfectly  smooth  ball  resting  isjson  a  perfectly  hard,  frictionless  'and  level  surface, 
and  suppose  the  resistance  ef  the  air  to  be  removed.  In  order  to  merely  move  the 
ball  horizontally  i(i.  e.,  >te  set  it  in  motion — to  change  its  state  of  motion)  some  force 
must  act  upon  it.  Or,  if  such  a  ball  were  already  tc  motion,  we  could  not  retard 
or  hasten  it,  or  turn  it  from  its  path  without  exerting  force  upon  it  For,  as  stated 
in  Newton's  first  Ihw  of  motion,  "every  body  continue*  in  Its 
state  of  rest  or  of  motion  in  a  straight  line,  except  in  so  far  as  it  may  be  com- 
pelled "by  impressed  forces  to  change  that  state.11  On  the  other  baud,  if  a  force  acts 
upon  aoody,  the  motion  of  the  body  must  undergo  change.  For  apparent  exceptions 
to  this  last  remark,  see  Art  16,  pp.  316,  etc. 

(b)  Force  is  an  action  between  two  bodies,  tending  either  to 
separate  tnem  or  to  bring  Uaem  closer  together.  For  Instance,  when 
a  stone  falls  to  the  ground,  we  explain  the  fact  by  saying  that  a  force  (the  attraction 
of  gravitation)  tends  to  draw  the  earth  and  the.  stone  together. 

Magnetic  and  electric  attraction,  and  the  cohesive  force  between  the  particles  of  a 
body,  are  other  instances  of  attractive  force. 

(e)  Force  applied  by  contact.  In  practice  we  apply  force  to  a  body  (B) 
by  causing  contact  between  it  and  another  body  (A)  which  has  a  tendency  to  motion 
toward  B.  A  repubtioe  force  is  thus  called  into  action  between  the  two  bodies  (ia 
some  way  which  we  cannot  understand),  and  this  force  poshes  B  forward  (or  In  the 
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direction  of  A*s  tendency  to  more)  and  pushes  A  backward,  thus  dimitiithing  its  for- 
ward tendency.* 

If,  for  instance,  a  stone  be  laid  upon  the  ground,  it  tends  to  m  »ve  downward^  but 
does  not  do  so,  because  arepulsiv«  force  pushes  it  and  the  earth  apart  just  as  hard.as 
the  foree  of  gravity  tends  to  draw  them  together. 

Similarly,  when  we  attempt  to  lift  a  moderate  weight  with  our  hand,  we  do  so  by 
giving  the  hand  a  tendency  to  move  upward.  If  the  hand  slips  from  the  weight, 
this  tendency  moves  the  Itand  rapidly  upward  before  our  will  force  can  check  it 
Bat  otherwise,  the  repulsive  force,  generated  by  contact  between  the  hand  (tending 
upward)  and  the  weight,  move*  the  latter  upward  in  spite  of  the  force  of  gravity, 
and  poshes  the  band  downward,  depriving  it  of  mrh  of  the  upward  velocity  which 
it  would  otherwise  have.  It  is  perhaps  chiefly  from  the  effort,  of  which  we  aro 
conscious  in  such  cases,  that  we  derive  onr  notions  of  "force." 

When  a  moving  billiard  ball-  A,  strikes'  another  one,  B,  at  rest  the  tendency 
of  A  to  continue  moving  forward  is  resisted  by  a  repulsive  force  acting  between  it 
and  B.  This  force  pushes  B  forward,  and  A  backward,  retarding  its  ormer  Telocity. 
As  explained  in  Art.  23  (a),  p.  318  d\  the  repulsive  force  does  not  exist  in  either  body 
until  the  two  meet 

(d.)  The  repulsive  force  thus  generated  by  contact  between  two  bodies,  continues  to 
act  only  so  long  as  they  remain  in  contact,  and  only  so  long  as  they  tend  (from 
some  extraneous  cause)  to  come  closer  together,  hut  it  is  generally  or  always 
accompanied  by  an  additional  repulsive  force,  due  to  the  completion  of  the  particles 
of  the  bodies  and  their  tendency  to  return  to  their  oiiginal  p<  sitions.  This  dattic 
repulsive  force  may  continue  to  act  after  the  tendency  to  compression  has  ceased. 

(•)  Force  acts  either  as  a  pull  or  as  a  push.  Thus,  when  a  weight 
is  suspended  by  a  hook  at  th<  «nd  of  a  rope,  gravity  pulh  the  weight  downward,  the 
weight  pushes  the  hodk.  and  the  hook  pulls  the  rope,  each  of  these  Actions  being 
accompanied,  of  course,  by  its  corresponding  and  opposite  '*  reaction.1*  When  two 
bodies  collide,  each  push's  the  other,  generally  for  a  veiy  short  time  (see  Art.  24, 
p.  318  ej 

(f)  Equality  of  action  and  reaction.  A  force  always  exerts  itself  equally 
upon  the  two  bodies  between  which  it  acts.  Thus,  the  force  (or  attraction)  of 
gravitation,  acting  between  tire  earth  and  a  etone,  draws  tho  earth  upward  just  as 
hard  as  it  draws  the  stone  downwsrd ;  and  the  repulsive  forcer  scting  between  a 
table  and  a  stone  resting  upon  it,  pushes  the  table  and  the  earth  downward  just  as 
hard  as  it  pushes  the  stone  upward.  This  is  the  fact  expressed  by  Newton's 
tnlrd  law  Of  motion,  that  "to  every  action  there  is  always  an  equal  and 
contiary  reaction."    For  measures  of  force,  s«*e  Arts.  11, 12, 13,  pp  3lt  to  314. 

If  a  cannon  bill  in  its  flight  onts  a  1<  af  from  a  tree,  we  ssy  that  the  leaf  has.  reacied 
against  the  baU  with  precisely  the  mime  force  with  which  the  ball  acted  against  the 
leaf.  That  degree  of  force  was  rafficient  to  cut  off  a  leaf,  but  not  to  arrest  the  balL 
A  ship  of  war.  in  running  against  a  c*noe»  or  the  list  of  a  pugilist  striking  his 
opponent  in  the  face,  leceives  as  violent  a  blow  as  it  gives ;  but  the  same  blow  tl  Ht 
will  upset  or  sink  a  canoe,  will  not  appreciably  affect  the  motion  of  a  ship,  and  the 
bl«»w  which  may  seriously  damage  a  nose,  mouth,  or  eyes,  may  have  no  such  effect 
upon  hard  knuckles. 

The  resistance  which  an  abutment  opposes  to  the  pressure  of  an  arch ;  or  a  retain* 
ing-wall  to  the  pressure  of  the  earth  behind  it,  is  no  greater  than  those  presHures 
<li»mselves;  but  the  abutment  and  the  wall  are,  for  the  rake  of  safety,  made  capable 
of  sustaining  much  greater  pressure*,  in  case  accidental  circumstances  should  pro- 
duce such. 

(ft)  In  most  practical  cases  we  have  to  consider  onlr  one  of  the  two  bodies 
between  which  a  force  acts.  Hence,  f«»r  convenience,  we  c<>n>mpnly  speak  as  if  the 
force  were  divided  into  two  equal  and  opposite  forces  one  for  each  of  the  two  bodies, 
and  confine  our  attention  to  on*  of  the  bodies  and  the  force  acting  upon  it  neglect- 
ing the  other.  Thus  we  may  speak  of  the  force  of  steam  in  an  engine  as  acting 
upon  the  pirton,  and  neglect  its  equal  and  opposite  pressure  against  the  head  of 
the  cylinder. 

(h)  That  point  of  a  body  to  which,  theoretically,  a  force  is  applied,  is  called  tho 
point  of  application.  In  practice  we  can n  it  apply  force  to  a  point  according 
to  the  scientific  meaning  of  that  word ;  but  havn  to  apply  it  distributed  over  an  ap- 
preciable area  (sometimes  very  large)  of  the  surface  of  the  body ;  still,  ss  explained  in 

i  *  —        -       — 

*  We  ordinarily  express  all  this  by  sayiug  simply  that  A  pushes  B  forward,  and  this 
is  sufficiently  exact  for  practical  purposes;  but  it  is  well  to  recognize  that  it  is  merely 
a  convenient  expression  and  does  not  fully  state  the  facts,  and  that  every  force  neces- 
awty  consists  of  two  equal  and  opposite  pulls  or  pushes  exerted  between  two  t  odles. 
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considered  as  acting  in  one  straight  line,  applied  at  one  point.  JTor  the  present  we 
shall  a*sume  that  the  line  of  action  of  the  fore*  passes  through  the  center  of  gravity 
of  the  body  and  forma  a  right  angle  wiih  the  »mfae»  at  the  point  of  application,  lor 
ca*es  where  the  force  forms  other  angles  with  the  surface,  seu  Art.  25,  p.  318/. 

Art.  7  (m.).  Acceleration-  When  an  unresisted  force,  acting  upon  a  body, 
s  U  it  In  motion  (i.  «.,  gives  it  velocity)  in  the  di  ection  of  the  force,  this  velocity 
l£r£™ "aetiie  force  cStinus  to  act;  each  equal  interval  of  time  (if  the  force 
remains  constant)  bringing  its  own  equal  mcrease  of  velocity. 

Thus,  if  a  stone  bo  let  mil,  the  force  of  gravity  gives  to  it  in  the  first  in- 
conceivably short  interval  of  time,  a  small  velocity  dowuwaid.  In  the  next  equal 
Ste^f  o/thWit  adds  a  second' equal  velocity,  so  that  at  the  end  of  the  second 
interval  the  velocity  of  the  stone  is  twice  as  great  as  at  the  end  of  the  first  one,  and 
■HnTwe  may  divide  the  time  into  as  small  equal  intervals  as  we  please.  In  each 
suchjntervaltho  constant*  force  of  gravity  gives  to  the  stone  an  equal  increase  of 

V6SSnyincrease  of  velocity  is  called  acceleration.!  When  a  body  it >  thrown i  vertically 
upward,  the  downward  acceleration  of  gravi  y  appears  as  a  retardo&oa  of  the  upward 
motion?  When  a  force  thus  acu  against  the  motion  under  consideration,  its  accelera- 
tion is  called  negative. 

Art.  8  (a).  The  rat©  of  acceleration  t  is  the  acceleration  which  takvs 
placo  in  a  given  time,  as  one  second. 

(b)  The  unit  rate  of  acceleration  is  that  which  adds  unit  of  velocity  in  a 
unit  of  time;  or,  where  Eoglifh  measures  are  used,  one  foot  per  second,  per  second. 

(e)  For  a  given  rate  of  acceleration,  tlie  total  accelerations  aie  of  course  propor- 
tional to  the  times  during  which  the  velocity  incr^ase-i  at  that  rate. 


Art  9  (a).  Lawi  of  acceleration.  Suppose  two  blocks  of  iron,  one  (which 
we  will  call  A)  twice  us  large  as  the  other  («),  placed  each  upon  a  perfectly  fricttonless 
and  horizontal  piano,  so  that  in  moving  them  horizontally  we  are  opposed  by  no  force 
tending  to  hold  them  still.  (See  Art.  27  {d\  p.  318  i).  Now  apply  to  each  block, 
through  a  spring  balance,  a  pull  such  as  will  keep  the  pointer  of  e:wh  balance  always 
at  the  same  mark,  as,  for  instance,  constantly  at  2  in  both  balances.  We  thus  have 
equal  forces  >vcting  upon  unequal  masse*.}:  Here  the  rate  of  acceleration  of  o  is 
double  that  of  A ;  for  when  the  forces  are  equal  the  rates  of  aeoelcra- 
railon  are  Inversely  as  the  masses. 

In  other  words,  in  one  second  (or  in  any  other  given  time)  the  small  block  of  iron, 
a,  will  acquire  twice  the  increase  of  velocity  that  A  (twice  as  large)  will  acquire;  so 
that  if  Itoth  block*  start  at  the  s  wne  time  from  a  state  of  rest,  the  smaller  one,  a,  will 
have,  at  the  end  of  any  given  time,  twice  the  velocity  of  A,  which  has  twice  its  mass. 

(b)  Again,  let  the  two  masses.  A  and  «,  be  equal,  but  let  the  force  exerted  upon  a 
be  twice  that  exerted  upon  A.  Then  the  rate  of  acceleration  of  a  will  (as  before)  be 
twice  that  of  A :  for,  when  the  masses  are  equal,  the  rates  of  aeeclera- 
ratlon  are  directly  as  the  forces. 

(c)  We  thus  arrive  at  the  principle  that,  in  any  case,  the  rate  of  acceleration 
Is  directly  proportional  to  the  force  and  inversely  proportional 
to  the  mass. 


•We  here  speak  of  the  force  of  gravity,  exerted  In  a  given  place,  as  constant, 
becauso  it  is  so  for  all  practical  purposes.  Strictly  speaking,  it  increases  a  very  little 
as  the  stone  approaches  the  earth. 

f  Since  the  rat*,  of  acceleration  is  generally  of  greater  consequence.  In  Mechanic* 
than  the  total  acceleration,  or  the  "  acceleration  "  proper,  scientific  writers  ffor  the 
sake  of  brevity)  use  the  term  " acceleration"  to  denote  that  rate,  and  the  term 
"total  acceleration"  to  denote  the  total  Increagn  or  decrease  of  velocity  occurring 
during  any  giv«n  time.  Thu«,  tho  rate  of  acceleration  of  gravity  (about  32.2  ft  per 
second  per  second)  Is  called,  simply,  the  "  acceleration  of  gravity.*'  As  we  shall  not , 
have  to  u*e  either  expression  very  frequently,  we  rtiall  generally  to  avoid  mi'arinr**- 
hension,  give  to  each  idea  its  full  name;  thus,  "total  acceleration"  for  the  toko's 
change  of  velocity  in  a  given  case,  and  **  rate  of  acceleration "  for  the  rate  of  that 
change. 

I  The  mass  of  a  body  is  the  quantity  of  matter  tint  it  contains.  See  Art.  ll,p>8U. 
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(d)  Hence,  tf  we  make  the  two  forces  proportional  to  the  two  masses,  tne  raws 
of  acceleration  will  be  equil ;  or,  for  a  given  rate  of  acceleration,  the 
forces  must  lie  directly  as  the  masses. 

(e)  Hence,  also,  a  greater  force  is  required  to  Impart  a  given  velocity  to  a  given 
body  in  a  short  time  than  to  impart  the  same  velocity  in  a  longer  time.  For  instance, 
the  forward  coupling  links  of  a  long  train  of  cars  would  snap  instautly  under  a  pull 
sufficient  to  give  to  the  train  in  two  seconds  a  velocity  of  twenty  miles  per  hour,  sup- 
posing a  sufficiently  powerful  locomotive  to  exist.  In  many  such  cases,  therefore,  we 
have  to  be  contented  with  a  slow,  instead  of  a  rapid  acceleration. 

A  striug  may  safely  sustain  a  weight  of  one  pound  suspended  from  our  hand.  If 
we  wish  to  impart  a  great  upward  velocity  to  the  weight  in  a  very  short  time,  we  evi- 
dently can  do  so  only  by  exerting  upon  it  a  great  forco;  in  other  words,  by  jerking 
the  string  violently  upward.  But  if  the  striug  has  n  >t  tensile  streugth  sufficient  t<> 
transmit  this  force  from  our  hand  to  the  weight,  it  will  break.  We  might  safelv 
give  to  the  weight  the  desired  velocity  by  applying  a  less  force  during  a  longer  time. 

(**)  When  a  stone  falls,  the  force  pulling  the  earth  upward  is  (as  remarked  above) 
equal  to  that  which  pulls  the  stone  downward,  but  the  mass  of  the  earth  is  so  vastly 
greater  than  that  of  the  stone  that  its  motion  is  totally  imperceptible  to  us,  and 
would  still  be  so,  even  if  it  were  not  counteracted  by  motions  in  other  directions 
in  other  parts  of  the  earth.  Hence  we  are  practically,  though  not  absolutely,  right 
when  we  bay  that  the  earth  lemains  at  rest  while  the  sti  ne  falls. 

(fj)  But  in  the  case  of  the  two  billiard  ball*  (Art  5c  p.  309),  we  can  clearly  see 
the  result  of  the  action  of  the  force  upon  each  of  the  two  bodies;  for  the  second 
ball,  B,  which  was  at  rest,  now  moves  forward,  while  the  forward  .velocity  of  the 
first  one,  A,  is  diminished  or  destroyed,  its  backward  motion  thus  appearing  as  a 
retardation  of  its /ortcard  motion.    And,  (since  the  same  force  acts  upon  both  balls) 

mass  .  mass  . .  rate  of  acceleration  .  rate  of  negative  acceleration 
of  A  '  of  B    ' '  of  B  •  of  A 

or  (since  the  force  acts  for  the  same  time  upon  both  balls) 

mass      mass  ,     forward  velocity  .  loss  of  forward  velocity 
of  A  *    of  B  *  *  of  B  of  A 

(to)  Remark.  A  man  cannot  lift  a  weight  of  20  tons;  but  if  it  be  placed  upon 
proper  friction  rollers,  he  can  move  it  horizontally,  as  we  see  in  some  drawbridges, 
turntables,  Ac. ;  and  if  friction  and  the  resistance  of  the  air  could  be  entirely  removed, 
he  could  move  it  by  a  single  breath;  and  it  would  continue  to  move  forever  after  the 
force  of  the  breath  had  ceased  to  act  upon  it.  It  would,  however,  move  very  slowly, 
because  the  force  of  the  single  breath  would  have  to  diffuse  itself  among  20  tons  of 
matter.  He  can  move  it,  if  it  be  placed  in  a  suitable  vessel  in  water,  or  if  suspended 
from  a  long  rope.  A  powerful  locomotive  that  may  move  2000  tons,  cannot  lift  10  tons 
vertically. 

If  we  Imagine  two  bodies,  each  as  large  and  heavy  as  the  earth,  to  be  precisely 
balanced  in  a  puir  of  scales  without  friction,  a  single  grain  of  sand  added  to  either 
scale-pan,  would  give  motion  to  both  bodies. 

Art.  10  (a).  The  constant  force  of  gravity  *  is  a  uniformly  accelerating  force 
when  it  acts  upon  a  body  falling  freely ;  for  it  then  increases  the  velocity  at  the  uni- 
form rate  of  .322  of  a  foot  per  second  during  every  hundredth  part  of  a  second,  or  32.2 
feet  per  second  in  every  second.  Also  when  it  acts  upon  a  body  moving  down  an  in- 
clined plane;  although  in  this  cope  the  increase  is  not  so  rapid,  because  it  is  caused 
by  only  a  part  of  the  gravity,  while  another  part  presses  the  body  to  the  plane,  and  a 
third  part  overcomes  the  friction.  It  is  a  uniformly  retarding  force,  upon  a  body 
thrown  vertically  upward;  for  nn  matter  what  may  be  the  velocity  of  the  body 
when  projected  upward,  it  will  he  diminished  .322  of  a  foot  per  second  in  each 
hundredth  part  of  a  second  during  its  rise,  or  32.2  feet  per  second  during  each 
entire  second.  At  least,  such  would  be  the  case  were  it  not  for  the  varying  resistance 
of  the  air  at  different  velocities.  It  is  a  uniformly  straining  force  when  it  causes  a 
body  at  rest,  to  press  upon  another  body ;  or  to  pull  npon  a  string  by  which  it  is 
suspended.  The  foregoing  expressions,  like  those  of  momentum,  strain,  push,  pull, 
lift,  work,  Ac,  do  not  indicate  different  kinds  of  force ;  but  merely  different  ktnds  of 
effects  produced  by  the  one  grand  principle,  force. 

(b)  The  above  32.2  feet  per  second  is  called  the  acceleration  of  grav  llv  }  and 
by  scientific  writers  is  conventionally  denoted  by  a  small  *;$  or,  more  correctly  apeak- 

*See  foot  note  *  p  310. 


312  FORCE  IN   RIGID  BODIES. 

ing,  since  the  acceleration  is  not  precisely  the  same  at  all  parts  of  the  earth,  g 
denotes  the  acceleration  per  second,  whatever  It  may  be,  at  any  particular  place. 

Art.  11  (a).  Relation  between  force  and  mass.  The  mass  of  a  body 
is  the  quantity  of  matter  which  it  contains.  One  cubic  foot  of  water  has  twia 
as  great  a  mass  as  half  a  cubic  foot  of  water,  but  a  less  mass  than  one  cubic 
foot  of  iron.  Thus,  the  size  of  a  body  is  a  measure  of  mass  between  bodies 
of  the  same  material,  but  not  between  bodies'  of  different  materials. 

(b)  When  bodies  are  allowed  to  fall  freely  in  a  vacuum  at  a  given  place, 
they  are  found  to  acquire  equal  velocities  in  any  given  time,  of  whatever 
different  materials  they  may  be  composed.  From  this  we  know  (Art.  9  (d), 
p.  311),  that  the  forces  moving  them  downward,  viz.:  their  respective  weights 
at  that  place,  must  be  proportional  to  their  masses. 

Thus,  in  any  given  place,  the  weight  of  a  body  is  a  perfect  measure  of  its  mass. 
But  the  weight  of  a  given  bodv  changes  when  the  body  is  moved  from  one  level 
above  the  sea  to  another,  or  from  one  latitude  to  another;  while  the  mass  of 
the  body  of  course  remains  the  same  in  all  places.  Thus,  a  piece  of  iron  which 
weighs  a  pound  at  the  level  of  the  sea,  will  weigh  less  than  a  pound  by  a  spring 
balance,  upon  the  top  of  a  mountain  close  by.  because  the  attraction  between 
the  earth  and  a  given  mass  diminishes  when  the  latterrecedes  from  the  earth's 
center.  Or  if  the  piece  of  iron  weighs  one  pound  near  the  North  or  Sonth 
Pole,  it  will,  for  the  same  reason,  weigh  leas  than  a  pound  by  a  spring  balance 
if  weighed  nearer  to  the  equator  and  at  the  same  level  above  the  sea. 

The  difference  in  the  weight  of  a  body  in  different  localities  is  so  slight  as 
to  be  of  no  account  in  questions  of  ordinary  practical  Mechanics;*  but 
scientific  exactness  requires  a  measure  of  mass  which  will  give  the  same 
expression  for  the  quautity  of  matter  in  a  given  body,  wherever  it  may 
be;  and,  since  weighing  is  a  very  convenient  way  of  arriving  at  the  quantity 
of  matter  in  a  body,  it  is  desirable  that  we  should  still  be  able  to  express  the 
mass  in  terms  of  the  weight.  Now,  when  a  given  body  is  carried  to  a  higher 
level,  or  to  a  lower  latitude,  its  loss  of  weight  is  simply  a  decrease  in  the  force 
with  which  gravity  draws  it  downward,  and  this  same  decrease  also  causes 
a  decrease  of  the  velocity  which  the  body  acquires  in  falling  during  any 
given  time.  The  change  in  velocity,  by  Art.  9  (o),  p.  310,  is  necessarily  propor- 
tional to  the  change  in  weight. 

Therefore,  if  the  weight  of  a  body  at  any  place  be  divided  by  the  velocity 
which  gravity  imparts  in  one  second  at  the  same  place  (and  called  a%  or  the 
acceleration  of  gravity  for  that  place),  the  quotient  will  be  the  same  at  all  places, 
and  therefore  serves  as  an  invariable  measure  of  the  mass. 

(e)  By  common  consent,  the  unit  of  mass,  in  scientific  Mechanics,  is  said 
to  be  that  quantity  of  matter  to  which  a  unit  of  force  can  give  unit  rate  ot 
acceleration.  This  unit  rate,  in  countries  where  English  measures  are  used, 
is  one  foot  per  second,  per  second.  It  remains  then  to  adjust  the  units  ot  force 
and  of  mass.  Two  methods  (an  old  and  a  new  one)  are  in  use  for  doing  this. 
We  shall  refer  to  them  here  as  methods  A  and  B  respectively. 

(d)  In  method  A,  still  generally  used  in  questions  of  statics,  the  unit 
or  force  is  fixed  as  that  force  which  is  equal  to  the  weight  of  one  pound  in  a 
certain  place;  t. «..  the  force  with  which  the  earth  at  that  place  attracts  a 
certain  standard  pieoe  of  platinum  called  a  pound ;  and  the  unit  of  mass  is 
not  this  standard  pieoe  of  metal,  but,  as  stated  in  (e)9  that  mass  to  which  this 
unit  force  of  one  pound  gives,  in  one  seoond,  a  velocity  of  one  foot  per  second. 
Now  the  one  pound  attraction  of  the  earth  upon  a  mass  of  one  pound  will 
(Art.  1,  p.  362)  in  one  second  give  to  that  mass  a  velocity  —  g  or  about  32  feet 
per  second;  and  (Art  9  (a),  p.  310),  for  a  given  force  the  masses  are  inversely  as 
the  velocities  imparted  in  a  given  time.  Therefore,  to  give  in  one  second  a 
velocity  of  only  one  foot  per  seoond  (instead  of  0  or  about  32)  the  one  pound 
unit  of  force  would  have  to  act  upon  a  mass  g  times  (or  about  82  times)  that 
which  weighs  one  pound. 

This  could  be  accomplished,  with  an  Attwood's  machine,  Art.  16  (e),  p.  315, 
by  making  the  two  equal  weights  each  -» 15  %  lbs,  and  the  third  weight  —  1  lb. 
~~— *■— — ^ — — »~— ^       ii        .  iii.        .  — — ■  -        -       -■.-■. 

•The  greatest  discrepancy  that  can  occur  at  various  heights  and  latitudes, 
by  adopting  weight  as  the  measure  of  quantity,  would  notoe  likely  to  exceed 
X  in  300;  or,  under  ordinary  circumstances,  l  in  1000. 
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By  method  A,  therefore,  the  unit  of  mass  is  g  times  (or  about  32  times)  the 
mass  of  the  standard  piece  of  metal  called  a  pound;  i.  e.t  a  body  containing 
one  such  unit  of  mass  weighs  g  lbs.  or  about  32  lbs. ;  or,  toy  method  A, 

the  weight  of  any  given  body  wma^  the  mass  of  the  body, 
in  lbs.  — y  a      m  m^ta  0f  mass. 

Or, 

the  mass  of  a  body,  m  units  of  mass 

For  instance: 

in  a  body  weighing 
}£  pound 

1  " 

2  « 

32 

64       M 
It  has  been  suggested  to  call  this  unit  of  mass  a  M  Matt** 

In  method  B,  the  mass  of  the  standard  pound  piece  of  platinum  is  taken 


the  weight  of  the  body,  in  pounds 

9 

the  mass 

is  about 

JL.  unit  of  mass 

A     tt 

« 

A     M 

m 

1       " 

u 

2        « 

u 

9th< 


le  unit  of  bums  and  is  called  a  pounds  and  the  force  which  will  give 
to  it  in  one  second  a  velocity  of  one  foot  per  second  is  taken  as  the  unit  of  force. 
This  small  unit  of  force  is  called  apoandal.  In  order  that  it  may  in  one 
second  give  to  the  mass  of  one  poundfa  velocity  of  only  one  foot  per  second,  it 

must  (by  Art  9  (6),  p.  310)  be  — L_  for  about  JL  j  of  the  weight  of  said  pound  mass. 

Hence,  tow  method  B, 

the  mass  of  any  given  body,  in  pound*  -  the  weight  of  the  body  in  poundaU 

9 
and 

the  -weight  of  a  body,  in  poundal*  —  gX  the  mass  of  the  body  in  pounds. 

For  instance: 

in  a  body  weighing  the  mass  of  the  body  is  about 

\£  poundal  —  JL  pound  JL  pound 

»     a      -A   a  A   u 

2   u    -a  u  a  : 

32        "  —  1        a  I        * 

64        "         —  2        "  2        a 

(f )  For  convenience,  we  sometimes  disregard  the  scientific  require- 
ment tjiat  the  unit  of  force  must  be  that  which  will  give  unit  rate  of  accele- 
ration to  unit  mass,  and  take  a  pound  of  matter  as  our  unit  of  matt,  and  a 
pound  weight  as  our  unit  of  force.  Our  unit  of  force  will  then  in  oneneoond 
give  a  velocity  of  g  (or  about  32.2  feet  per  second)  to  our  unit  of  mass.  In 
Static*,  we  are  not  concerned  with  the  masses  of  oodles,  but  only  with  the 
forces  acting  upon  them,  including  their  weights. 

Art.  13  (a)-  Impulse.  By  taking,  as  the  unit  of  force,  that  force  which,  in 
one  second,  will  give  to  unit  mass  a  velocity  of  one  foot  per  second,  we  have 
(by  Art  9,  p.  310),  In  any  case  of  unbalanced /ore*  acting  upon  a  mass  during  a 
given  timez 

Velocity   -      foree  *  *"»« 


mass 

Force        -    velocity  X  mass 

time 

»     i#-M  f°rc©  X  time 

Mass         —     i — tt- — 

velocity 

Time        —    mass  X  velocity 

flbrce 
also 

Force  X  time  —  mass  X  velocity. 


.  (1) 

•  (2) 
.  (3) 

•  0) 
.  (5) 
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To  the  product,  force  X  time,  in  equation  (5\  writers  now  give  the  name 
impulse,  which  was  formerly  given  to  collision  (now  called  input).  (See 
Art.  24  (a),  n.  318  e).  The  term  impulse,  as  now  used,  conveys  merely  the  idea 
of  force  acting  through  a  certain  length  of  time.  Equation  (5)  tells  us  that  au 
impulse  (the  product  of  a  force  by  the  time  of  its  action)  is  numerically  equal 
to  the  momentum*  which  it  produces.  Equation  (2)  tells  us  that  any  force  is 
numerically  equal  to  the  momentum  which  it  can  produce  in  one  second.  In 
other  words,  the  momentum  of  a  body  moving  with  a  given  velocity  is 
numerically  equal  to  the  force  which  in  one  second  can  produce  or  destroy 
that  velocity  in  that  body;  or,  a  force  is  numerically  equal  to  the  rate  per 
second  at  which  it  can  produce  momentum.  Thus,  forces  are  proportional  to 
the  momentums  which  they  can  produce  in  a  given  time;  or, in  a  given  time, 
equal  forces  produce  equal  momentums.  Therefore  a  force  must  always  give 
equal  and  opposite  momentums  to  the  two  bodies  between  which  it  acts. 

Art*  13  (a).  The  nioal  way  of  measuring  a  force  is  by  ascertaining 
the  amount  of  some  other  force  which  it  can  counteract.  Thus  we  may  meas- 
ure the  weight  of  a  body  by  hanging  it  to  a  spring  balance.  The  scale  of  the 
balance  then  indicates  the  amount  of  tension  in  the  spring;  and  we  know  thai 
the  weight  of  the  body  is  equal  to  the  tension,  because  the  weight  just  pre 
vents  the  tension  from  drawing  the  hook  upward. 

Thus,  forces  are  conveniently  expressed  in  weights,  as  in  pounds, 
tons,  Ac,  and  they  are  generally  so  measured  in  Statics,  and  in  our  following 
articles.  The  scientific  method  of  measuring  force,  Art  0,  p.  310,  is  hardlj 
applicable  to  ordinary  practice. 

(b)  A  force  mar  be  constant  or  variable.  When  a  stone  rests  upon 
the  ground,  the  pull  of  gravity  upon  it  (i.  e.,  its  weight)  remains  constant, 
neither  increasing  nor  decreasing.  But  when  a  stone  is  thrown  upward  its 
weight  decreases  very  si  ightiy  as  it  recedes  from  the  earth,  and  again  increases 
as  it  approaches  it  during  its  fall.  In  this  case,  the  force  of  gravity,  acting 
upon  the  stone,  decreases  or  increases  steadily.  But  a  force  may  change 
suddenly,  or  irregularly,  or  may  be  intermittent;  as  when  a  series  of  unequal 
blows  are  struck  by  a  hammer.  In  what  follows  we  shall  have  to  do  only  with 
forces  supposed  to  be  constant 

Art*  14  (a).  Density,  The  densities  of  materials  are  proportional  to  the 
masses  contained  in  a  given  volume,  as  a  cubic  inch;  or  inversely  as  the  volume 
required  to  contain  a  given  mass.  Or,  since  the  weights  at  a  given  place  are 
proportional  to  the  masses,  the  densities  are  proportional  to  the  weights  per 
unit  of  volume  (or  "  specific  gravities  ")  of  the  materials.  Thus,  a  body  weigh- 
ing 100  lbs.  per  cubic  foot  is  twice  as  dense  as  one  weighing  only  50  lbs.  per 
cubic  foot  at  the  same  place. 

Art.  15  (a).  Inertia*  The  inability  of  matter  to  set  itself  in  motion,  or  to 
change  the  rat9  or  direction  of  its  motion,  is  called  its  inertia,  or  inertness. 
When  we  say  that  a  certain  body  has  twice  tho  inertia  (inertness)  of  a  smaller 
-one,  we  mean  that  twice  the  force  is  required  to  give  it  an  equal  rate  of  accele- 
ration ;  and  that,  sinoe  all  force  (Art  5  (/),  p.  3G9)  acts  equally  in  both  direc- 
tions, we  experience  twice  as  great  a  reaction  (or  so-called  "resistance")  from 
the  larger  body  as  from  the  smaller  one.  The  "  inertia**  of  a  body  is  therefore 
a  measure  of  the  force  required  to  produce  in  it  a  given  rate  of  acceleration;  or, 
which  is  the  same  thing,  it  is  a  measure  of  the  mass  of  the  body.  We  may 
therefore  consider  "inertia"  and  "mass"  as  identical. 

(b)  What  is  called  the  "resistance  of  inertia**  of  a  body,  is  simply  the 
reaction,  (i.  e.t  one  of  the  two  equal  and  opposite  actions)  of  whatever 
force  we  apply  to  the  body.  Hence,  its  amount  depends  not  only  upon  the 
mass  of  the  Dody,  but  also  upon  the  rate  of  acceleration  which  we  choose  to 

♦The  momentum  of  a  body  (sometimes  called  its  "quantity  of  motion*1) 
is  equal  to  the  product  obtained  by  multiplying  its  mass  by  its  velocity.  If  we 
adopt  the  pound  as  the  unit  of  mass,  as  in  "method  B,"  Art.  11  («),  p.  313,  the 
product,  weight  in  pounds  X  velocity,  is  numerically  either  exactly  or  nearly 
the  same  as  the  product,  mass  in  pounds  X  velocity,  depending  upon  whether 
or  not  the  body  is  in  that  latitude  and  at  that  level  where  a  mass  of  one  pound 
is  said  to  weigh  one  pound.  But  the  product,  weight  in  poundals  X  velocity,  is 
exactly  q  times  (about  32.2  times)  the  product,  mass  in  pounds  X  velocity;  also, 
by  "  method  A,"  weight  in  pounds  X  velocity  —  g  X  mass  in  "  matts  **  X  velocity. 
For  the  ideas  conveyed  by  the  term  "  momentum,"  see  Art  20,  (a),  p.  318  c. 
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give  to  it    Therefore  we  cannot  tell,  from  the  mass  or  weight  of  a  body  alone, 
what  its  "resistance  of  inertia"  in  any  giren  case  will  be. 

Art.  16  (a).  Forces  In  opposite  directions.  When  two  oqual  and 
opposite  forces  act  upon  a  body  at  the  same  time,  and  in  the  bame  straight  line, 
we  say  that  they  destroy  each  othor's  tendencies  to  mors  the  body,  and  it  remains  at 
rest.  If  two  unequal  foices  thus  act  in  opposition,  the  smaller  force  and  an 
equal  portion  of  the  greater  one  are  said  to  couutersct  each  other  in  the  same  way, 
but  the  remainder  of  the  greater  force,  acting  as  an  unbalanced  or  unresisted  force, 
moves  the  body  in  its  own  direction,  as  it  would  do  if  it  were  the  only  force  acting 
upon  it.    Caution.    See  ff,  p.  316. 

The  result,  however,  will  be  the  same,  as  regards  the  motion  produced,  if  (in  either 
case)  we  consider  both  forces  as  causing  the  full  motions  due  to  them  respectively, 
and  these  motions  as  counteracting  each  other;  completely  or  partially,  according  to 
whether  the  forces  are  equal  or  unequal. 

Thus,  when  we  move  bodies,  in  practice,  we  en  counter  not  only  the 
M  resistance  of  inertia"  (t» «.,  we  not  only  have  to  exert  force  in  order  to  move 
inert  matter),  but  we  are  also  opposed  by  other  forces,  acting  against  us,  as 
friction,  the  resistance  of  the  air,  and,  often,  all  or  a  part  .of  the  weight  of 
the  body.  By  "resistances,"  in  the  following,  we  mean  such  resisting  forces, 
and  do  not  include  in  the  term  the  "  resistance  of  inertia." 

(t»)  Suppose,  for  convenience,  that  the  resistance  of  a  certain  railroad 
train  remains  =  1  ton  at  all  speeds  (see  Art.  20,  p.  374 e);  that  is,  that  a  pull  of 
1  ton  on  the  draw-bar  would  in  all  oases  balance  the  resistance  aud  maintain 
the  speed  uniform.  Suppose  the  train  to  be  pulled  first  by  an  engine  exerting 
a  constant  pull  of  2  tons  on  the  draw-bar;  and  then  by  one  pulling  3  tons. 
Strictly  speaking  these  engines  impart  to  the  train,  in  a  given  time,  velocities 
which  are  to  each  other  as  2  to  3,  or  as  the  respective  pulling  forces  of  the  two 
engines;  but  in  both  cases  the  supposed  uniform  resistance  of  1  ton  would,  in 
the  same  time,  cause  a  retardation  (or  counter-acceleration)  of  1.  Hence  the  net 
or  resultant  velocities  (t.  c,  the  observed  velocities)  would  be  —  2  —  1  and 
3  —  1,  or  —  1  and  2;  or  in  proportion  to  the  net  or  resultant/orces. 

(c)  An  "At wood's  Machine,"  consists  essentially  of  a  pulley,  a  flexible 
cord  passing  over  the  pulley,  two  equal  weights  (one  suspended  at  each  end 
of  the  cord),  and  a  third  weight,  generally  much  lighter  than  either  of  the 
other  two.  The  two  equal  weights  balance  each  other  by  means  of  the  pulley 
and  cord.  The  third  weight  is  laid  upon  one  of  the  other  two  weights.  The 
force  of  gravity,  acting  upon  the  third  weight,  then  sets  the  masses  of  the  three 
weights  in  motion  at  a  small  but  constantly  increasing  velocity.  In  order  to 
do  this  it  must  also  overcome  the  friction  of  the  pulley  and  cord,  and  the 
rigidity  of  the  latter;  but.  as  these  are  made  as  slight  as  possible,  they  are, 
for  convenience,  neglected.  The  machine  is  used  for  illustrating  the  accelera- 
tion given  to  inert  matter  by  unbalanced  force,  and  forms  an  excellent  exam- 
ple of  the  two  distinct  duties  which  a  moving  force  generally  has  to  perform, 
vis. :  (1st)  the  balancing  of  resistance,  and  (2nd)  acceleration. 

(d)  In  the  case  of  a\  locomotive,  drawing  a.  train  on  a\  level,  friction 
and  the  resistance  of  the  air  are  the  only  resistances  to  be  balanced;  for  the 
weight  of  the  train  here  opposes  no  resistance.  Unless  the  force  of  the  steam 
is  more  than  sufficient  to  balance  the  resistances,  it  cannot  move  the  train. 
If  it  exceeds  the  resistances,  the  excess,  however  slight,  gives  motion  to  the 
inert  matter  of  the  train.  If,  at  any  moment  while  the  train  is  moving,  the 
force  of  the  steam  becomes  just  equal  to  the  resistances  (whether  by  an  increase 
of  the  latter  or  by  diminishing  the  force)  the  train  will  move  on  at  a  uniform 
velocity  equal  to  that  which  it  had  at  the  moment  when  the  force  and  resis- 
tance were  equalized;  and,  if  these  could  always  be  kept  equal,  it  would  so 
move  on  forever. 

But  so  long  as  the  excess  of  steam  pressure  over  the  resistances  continues 
to  act,  the  velocity  is  increased  at  each  instant ;  for  during  each  such  instant 
the  excess  of  force  gives  a  small  velocity  in  addition  to  that  already  existing. 

But,  as  the  velocity  increases,  the  steam  pressure  in  the  cylinders  decreases 
(supposing  the  boiler  pressure  and  the  valve  opening  to  remain  the  same), 
for  tne.  piston  travels  faster  through  the  cylinder,  and  the  boiler  can  no  longer 
supply  steam  fast  enough  to  fill  the  cylinder  and  maintain  the  original  prea- 
3ure.    Thus,*  after  a  time  the  force  of  the  steam  and  the  resistance  become 

•Some  of  the  resistances  also  increase  while  the  velocity  increases. 
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equal,  and  the  train  moves  at  a  uniform  Telocity,  simply  because  there  Is 
now  no  opposing  force  to  retard  its  motion,  and  no  moving  force  to  accelerate  it. 
When  it  becomes  necessary  to  stop  at  a  station  some  distance  ahead,  steam 
is  shut  off,  so  that  the  steam  force  of  the  engine  shall  no  longer  counterbal- 
ance or  destroy  the  resisting  forces ;  and  the  number  of  the  resistances  them- 
selves is  increased  by  adding  to  them  the  friction  of  the  brakes.  The 
rejistanoes,  thus  increased,  are  now  the  only  forces  acting  upon  the  train,  and 
their  acceleration  is  negative,  or  a  retardation.  Hence,  the  train  moves  more 
and  more  slowly,  and  must  eventually  stop. 

(e)  Similarly,  when  a  horse  is  drawing  a  light  carriage,  and  has  given  it  a 
very  high  speed,  he  can  no  longer  do  more  than  keep  himself  in  advance  of  it, 
and  exert  a  pull  sufficient  to  balance  the  resistances  of  friction  (at  the  axles  and 
through  the  air,  etc)*  Or,  the  horse  may,  of  his  own  accord,  or  at  the  com- 
mand of  his  driver,  intentionally  abate  the  force  of  his  pull  to  the  same  extent. 
When  this  takes  place,  we  say  that  the  carriage  is  not  acted  upon  by  any  force 
(for  there  is  now  no  "  remainder  "  left  to  act  upon  it),  and  it  moves  forward  at 
a  uniform  velocity,  because  it  is  unable,  of  itself;  to  change  the  rate  or  direction 
of  its  motion. 

If  the  pulling  force  is  still  farther  diminished,  or  the  resistances  increased, 
until  the  latter  exceed  the  former,  the  "  remainder  "  becomes  a  minus  or  negative 
quantity,  and  its  "acceleration"  of  the  velocity  is  also  negative,  or  in  the 
direction  opposite  to  that  of  the  motion.  In  other  words,  "  retmrdaUon*  of 
velocity  takes  place. 

(f )  In  a  stationary  engine  the  "  governor**  takes  advantage  of  the  increase 
or  decrease  of  velocity  caused  by  an  excess  of  force  or  of  resistance,  respect- 
ively, and  by  automatically  decreasing  or  increasing  the  supply  of  steam, 
restores  the  equilibrium  between  its  pressure  and  the  resistances,  and  thus 
restores  also  the  uniformity  of  the  velocity. 

(&)  Caution.  When  two  opposite  forces  are  in  equilibrium,  an  addition  to 
one  of  the  forces  does  not  always  form  an  unbalanced  force ;  for  in  many  cases 
the  other  force  increases  equally,  up  to  a  certain  point.  For  instance,  when  we 
attempt  to  lift  a  weight,  W,  its  downward  resistance,  R,  remains  constantly  just 
equal  to  our  upward  pull,  P,  however  P  may  vary,  until  P  exceeds  W.  Thus,  R 
can  never  exceed  W,  but  may  be  much  less  than  it.  Indeed,  when  we  stop 
pulling,  R  ceases,  although  W  (the  attraction  between  the  earth  and  the  weight) 
of  course  remains  unchanged  throughout  Such  variation  of  resisting  force  to 
meet  varying  demands,  occurs  in  all  those  innumerable  cases  where  structures 
sustain  varying  loads  within  their  ultimate  strength.  See  also  Friction,  Art.  4, 
p.  870. 

Art.  IT  (a).  Work.  Force,  when  it  moves  a  body,*  is  said  to  do  "work" 
upon  it  The  whole  work  done  by  the  force  in  moving  the  body  through  any  ins- 
tance is  measured  by  multiplying  the  force  by  the  distance ;  or  :  Work  «—  Force  X 
distance.  If  the  force  is  taken  in  pound*,  and  the  distance  in  feet,  the  product  (or 
the  work  done)  will  be  in  foot-pounds;  if  the  force  is  in  tons  and  the  distance  in 
fhc'ies,  tho  product  will  be  in  inch-tons ;  and  so  on.f 

Thus,  if  a  force  of  moves  a  body  through  we  have  work  — 

1  pound  10,000  feet  10,000  foot-pounds 

100  pounds  100    "  10,000         « 

10,000      "  1  foot  10,000         " 

or,  in  any  ease,  if  the  force  be  F  pounds,  the  whole  work  done  by  it  in  moving  a 
body  through  $  feet,  is  F  s  foot-pounds. 

(b)  The  foot-pound,  the  foot-ton,  the  inch-pound,  the  ineh-ton,  etc,  etc,  are  called 
units  of  worst,  f  We  may  adopt  any  unit  we  please,  Just  as  we  may  state  a 
distance  in  feet  or  in  miles,  etc.,  at  pleasure:  but  it  is  always  convenient  to  take  for 
our  unit  of  work,  the  product  of  that  unit  of  force,  and  that  unit  of  distance,  which 
we  are  employing  at  the  time. 

•A  man  who  is  standing  still  is  not  considered  to  be  working,  any  more  than 
is  a  post  or  a  rope  when  sustaining  a  heavy  load;  although  he  may  be  supporting 
an  oppressive  burden,  or  holding  a  car-brake  with  all  his  strength;  for  his  force 
mow  nothing  in  either  case. 

f  Under  the  head  Levers,  it  will  be  seen  that  the  tendencies  (called  moment*) 
which  the  power  and  the  weight  respectively  have  to  commence  nution  about  the 
fulcrum  as  a  center,  are  also  measured  in  such  terms.  Work  and  moments,  are, 
however,  effects  of  force  so  different  from  each  other,  that  confusion  is  no  more 
likely  to  occur,  than  in  applying  tho  same  measure,  one  foot,  to  materials  as  different 
as  cloth,  bar  iron,  boards,  £c 
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For  practical  purposes,  in  this  country,  forces  are  most  frequently  stated  in  pounds, 
and  the  distances  (through  which  they  act)  in  feet.  Hence  the  ordinary  unit 
or  work  is  the  foot-pound.  The  metric  unit  of  work  is  the  kilo* 

frram-meter,  ».  e.  1  kilogram  raised  1  meter  =  2.2046  pounds  raised  3.2809  leet, 
=  7.-^331  foot-pounds,    1  foot-pound  =  0.13825  kilogram-meter. 

(c)  In  most  casern,  a  portion  at  least  of  the  work  done  by  a  fores  is  expended  urn 
overcoming  resistances.  Thus,  when  a  locomotive  begins  to  move  a  train,  a 
portiuu  of  its  force  works  against,  and  bal&ucts,  the  resistances  of  friction  or  of  an 
up-grade,  while  the  remainder,  acting  'as  unbalanced  force  upon  the  inert  mass  of 
the  train,  increases  its  velocity. 

For,  in  order  to  move  a  body  previously  at  rest,  we  must  apply  to  it  a  force  greater 
thau  any  resistances  which  tend  to  keep  it  at  rest.  Otherwise  theru  will  be  no  unbal- 
anced excess  of  force  to  give  motion  to  the  unresisting  mass  of  the  body.  An  upward 
pall  of  exactly  one  pound  will  not  raise  a  one  pound  weight,  but  will  merely  balance 
the  downward  force  of  gravity.  If  we  increase  the  upward  pull  from  one  pound 
(=  10  ounces)  to  17  ounces,  the  ounce  so  added,  being  unbalanced  force,  will  give 
motion  to  the  mass,  and  will  accelerate  it*  upward  velocity  as  long  as  it  continues 
to  act.  If  we  now  reduce  the  upward  pull  to  1  pound,  thus  making  it  just  <qual 
to  the  downward  pull  of  gravity,  the  body  will  move  on  upward  with  a  uniform 

velocity;  but  if  we  reduce  the  upward  force  to  15  ounces  (=  \%  pound),  then  there 
will  be  an  unbalanced  downward  force  of  1  ounce  acting  upon  the  body,  and  this 
downward  force  will  generate  in  the  body  a  downward  or  negative  acceleration  or 
retardation,  and  will  destroy  the  upward  velocity  in  the  same  time  as  the  upward 
excess  of  1  ounce  required  to  produce  it.  If  now  we  wish  to  prevent  {he  body  from 
felling,  we  must  again  increase  oar  upward  force  to  1  pound. 

It  is  plain  that  during  any  time,  while  the  17  ounces  upward  "force"  were  acting 
against  the  16  ounces  downward  ''  resistance,"  the  product  of  total  upward  force 
X  distance  must  be  greater  than  that  of  resistance  X  distance.  The  excess  is  the 
work  done  in  accelerating  the  velocity,  by  virtue  of  which  the  body  has  acquired 
kinetic  energy  or  capacity  for  doing  work  in  coming  to  rent,    See  Art.  10,  p.  318  a. 

On  the  other  nana,  while  the  upward  velocity  was  being  retarded,  the  product  of 
total  upward  force  X  distance  was  less  than  that  of  resistance  X  distance,  the 
difference  being  the  work  done  by  the  kinetic  energy  against  the  resistance  ef 
gravity. 

But  the  total  work  done  from  the  time  when  the  force  was  applied  to  that  when 
the  weight  again  came  to  rest,  is  equal  to  the  product,  mean  force  X  distance. 

In  practice,  the  term  "work"  is  usually  reitricted  to  that  portion  of  the  work 
which  a  force  performs  in  balancing  the  resistances  which  act  against  it;  in  qsher 
words,  to  the  work  done  by  so  much  of  the  fcxce  as  is  equal  to  the  resistance. 

With  this  restriction,  we  have 

Work  —■  force  X  distance,  —  resistance  X  distance. 

Thus,  if  the  resistance  be  a  friction  of  4  ft*.,  overcome  at  every  point  along  a  dis- 
tance of  3  fret;  or  if  fr  be  a  weight  ef  4  ft*.,  lifted  3  feet  high,  then  the  work  done 
amounts  to  "4  X  3  =— 12  foot-lbs.  The  lifting  of  weights;  and  the  friction  encoun- 
tered in  merely  moving  them  by  sliding  or  rolling,  constitute  the  principal  sources 
ef  resistance,  and  of  work,  in  practice. 

(d)  In  cages  where  the  velocity  la  uniform,  as  in  a  steadily  running 
machine,  the  force  is  necessarily  equal  to  the  resistance ;  and  where  the  velocities  at 
the  beginning  and  end  of  any  work  are  equal  (as  where  the  machine  starts  from  rest 
and  comes  to  rest  again)  the  mean  force  is  equal  to  the  mean  resistance.  In  such 
cast's,  therefore,  the  two  products,  mean  force  X  distance  and  mean  n  sietance  X  dis- 
tance are  equal,  and  we  have,  as  before, 

Work  -»  force  X  distance  -=  resistance  X  distance. 

(e)  The  work  done  by  a  horse  against  resistances,  in  drawing  a  heavy  load  on  a 
level  road,  consists  entirely  in  overcoming  the  friction  at  the  axles  and  rims  cf 
the  wheel*;  but  in  drawing  it  up  hill,  he  partly  lifts  tho  load  aud  himself  also. 
In  the  first  case,  his  work  is  not  the  product  of  the  weight  of  the  load  multiplied  by 
the  length  of  the  haul  (for  here  the  weight  in  itself  is  not  the  resistance),  but 
so  many  pounds  of  rolling  aud  axle  friction  multiplied  by  that  length.  In  going 
«j>  a  hilL  his  work  consists  of  friction  overcome  through  one  distance ;  namely,  the 
length  of  the  hill;  and  of  the  weight  of  tho  load,  vehicle  and  himself,  lifted  through 
another  distance,  namely  the  vertical  height  of  the  bill. 
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(f)  In  calculating  the  work  done  by  machinery,  etc.,  allowance  must  be  made  fur 
this  expenditure  of  a  portion  of  the  work  in  overcoming  resistances.  Thus,  in  pump- 
ing water,  part  of  ttie  applied  force  is  required  to  balance  the  friction  of  the  different 
parts  of  the  pump;  so  that  a  steam  or  water  "power,"  exerting  a  force  of  100  lbs., 
and  moving  6  feet  per  second,  cannot  raise  100  lbs.  of  water  to  a  height  of  6  feet 

Sn*  second.  Therefore  machines,  so  far  from  gaining  power,  according  to  the  popular 
ea,  actually  lose  it  iu  one  sense  of  the  word.  In  starting  a  piece  of  machinery,  the 
forces  employed  have  (1st)  to  balance,  react  against,  or  destroy  the  resisting  force 
of  friction  and  the  cohesive  forces  of  the  material  which  is  to  be  operated  on ;  and 
(2d)  to  give  motion  to  the  unresisting  matter  of  the  machine  and  of  the  material 
operated  on,  after  the  resisting  forces  which  had  acted  upon  them  have  thus  been 
rendered  ineffective.  But  after  the  desired  velocity  has  been  established,  the  forces 
have  merely  to  bulance  the  resistances  in  order  that  the  velocity  may  continue  uniform. 

(g )  That  portion  of  the  work  of  &  machine,  etc.,  which  is  expended  against  fric- 
tion is  sometimes  called  "lost  work"  or  «* prejudicial  work,"  while  only 
that  portion  is  called  "  useful  work  "  which  renders  visible  and  tangible  service 
in  the  shape  of  output,  etc.  Thus,  in  pumping  water,  the  work  done  in  overcoming 
the  friction  of  the  pump  and  of  the  water  is  said  to  be  lost  or  prejudicial,  while  the 
useful  work  would  be  represented  by  the  product,  weight  of  water  delivered  X  height 
to  which  it  is  lifted. 

The  distinction,  although  artificial,  and  somewhat  arbitrary,  i*  often  a  very  con- 
venient one;  but  the  work  is  of  course  not  actually  **  lost,'*  and  still  less  is  it  ** pre- 
judicial ;"  for  the  water  could  not  be  delivered  without  first  overcoming  the  resist- 
ances. A  merchant  might  as  well  call  that  portion  of  his  money  lost  which  he 
expends  for  clerk-hire,  etc. 

(h)  For  a  given  force  and  distance,  the  work  done  Is  Independent  of  the 

time  *  for  the  product,  force  X  distance,  then  remains  the  same,  whatever  the  time 
may  be.  But  the  distance  through  which  a  given  force  will  work  at  a  given  velocity 
is  of  course  proportional  to  the  time  during  which  it  is  allowed  to  work.  Thus,  in 
order  to  lift  60  pounds  100  feet,  a  man  must  do  the  same  work,  (=  5000  foot-pounds) 
whether  he  do  it  in  one  hour  or  in  ten ;  but,  if  he  exerts  constantly  the  same  force, 
he  will  lift  50  lbs.  ten  times  as  high  in  ten  hours  as  in  one,  and  thus  will  do  ten  times 
the  work.    Thus,  for  a  given  force,  the  work  Is  proportional  to  the  time* 

Art.  18  (a),  Power.  The  quantity  of  any  work  may  evidently  be  considered 
without  regard  to  the  time  required  to  perform  it ;  but  we  often  require  to  know  the 
rate  at  which  work  can  be  done ;  that  is,  how  much  can  be  done  within  a  certain 
time. 

The  rate  at  which  a  machine,,  etc.  can  work  is  called  its  power.  Thus,  in  selecting 
a  steam-engine,  it  is  important  to  know  how  much  it  can  do  per  minute,  hour,  or  dag. 
We  therefore  stipulate  that  it  shall  be  of  so  many  horse-powers;  which  means  nothing 
more  than  that  it  shall  be  capable  of  overcoming  resisting  forces  at  the  rate  of  so 
many  times  33,000  foot-pounds  per  minute  when  running  at  a  uniform  velocity,  ».  «., 
when  force  X  distance  =  resistance  X  distance. 

(b)  The  horse-power,  33,000  foot-pounds  per  minute,  or  660  foot-pounds  per 
second,  is  the  unit  of  power,  or  of  rate  of  work,  commonly  used  in  connec- 
tion with  engines.  See  p.  377.  The  metric  horse-power,  called  "force  de 
cheval,"  "  cheval-vapeur,"  or  (German)  "  Pferdekraft,"  is  75  kilogram-meters  per 
second  =  642.48  ft.-nw.  per  sec.  =  32,549  ft.-fbs.  per  minute  =  0.9863  horse-power.  1 
horse-power  =  1.0138  "  force  de  cheval."  In  theoretical  Mechanics  the  foot-pound 
per  second  is  used  in  English  measure ;  and  the  kilogram-meter  per  see* 
ond  in  metric  measure, 

1  foot-pound  per  second  =»  0.13826  kilogram-meter  per  second. 
1  kilogram-meter  per  second  =  7.2331  foot-pounds  per  second. 

(c)  Up  to  the  time  when  the  velocity  becomes  uniform,  the  power,  or  rate  of 
work,  of  the  train,  in  Art.  16  (d),  p.  316,  is  variable,  being  gradually  accelerated. 
For  in  each  second  it  overcomes  its  resistances  (and  moves  its  point  of  application) 
through  a  greater  distance  than  during  the  preceding  second.  Also,  after  the  steam  is 
shut  off,  the  rate  of  work  is  variable,  being  gradually  retarded.  When  the  force  of 
the  steam  just  balances  the  resistances,  the  rate  of  work  is  uniform. 

(d)  Power  =»  force  X  velocity.    Since  the  rate  of  work  is  equal  to  the  work 

done  in  a  given  time,  as  so  many  foot-pounds  per  second,  we  may  find  it  by  dividing  the 

work  in  foot-pounds  done  during  any  given  time  by  the  number  of  seconds  in  that 

lime.    Thus 

„  A     .  force  in  pounds  X  distance  in  feet 

Power  =  rate  of  work  » •      -- r • 

time  in  seconds 
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3ut  this  is  equivalent  to 

Power  -  »te  of  work  -  force  in  pounds  X  gff£££l 

«  orce  in  lbs.  X  velocity  in  feet  per  second. 

Or  if  we  treat  only  of  the  work  of  that  force  which  overcomes  resistances:  or  in 
cases  where  the  velocity  is  either  uniiorm  throughout  or  the  same  at  the 
beginning  and  end  of  the  work; 

Power.  rate  of  work  resistance,  v     velocity, 

in  ft-lbs.  per  sec.  ""  in  ft-lbs.  per  sec.  ""     in  lbs.       *  in  ft  per  sec. 

Thus  if  the  resistance  is  3300  lbs.  and  is  overcome  through  a  distance  of  1C 
feet  in  every  minute;  or  if  the  resistance  is  33  lbs.  and  is  overcome  through 
a  distance  of  1000  feet  per  minute,  the  rate  of  the  work  is  in  each  case 
the  same,  namely,  33,000  foot-pounds  per  minute,  or  one  horse-power;  ior 

lbs.       vel.     lbs.      vel.  . 

3300  X  10  —  33  X  1000  —  33,000  foot-pounds  per  minute. 

(e)  The  same  "  power"  which  will  overcome  a  given  resistance  through  a 
riven  distance,  in  a  given  time,  will  also  overcome  any  other  resistance  through 
any  other  distance,  in  that  same  time,  provided  the  resistance  and  distance 
when  multiplied  together  give  the  same  amount  as  in  the  first  case,  lnus. 
the  power  that  will  lift  50  pounds  through  10  feet  in  a  second,  will  in  a  second 
lift  500  pounds,  1  foot;  or  25  pounds,  20  feet;  or  6000  pounds  &  of  a  foot 
In  practice,  the  adjustment  of  the  speed  to  suit  different  resistances,  is  usually 
effected  by  the  medium  of  cog-wheels,  Delta,  or  levers.  By  means  of 
these  the  engine,  water-wheel,  horse,  or  other  motive  power,  exerting  a  given 
iorca  and  running  at  a  given  velocity,  may  bo  made  to  overcome  small  resist- 
ances rapidly,  or  great  ones  slowly,  as  desired. 

Art.  19  (a).  The  work  which  a  toodr  can  do  toy  -virtue  of  Its 
motion)  or  (which  in  the  same  thing)  the  work  required  to  hrlnac 
the  body  to  rest.    Kinetic  energy,  vis  viva,  or  "living  force." 

As  already  remarked,  a  force  equal  to  the  weight  of  any  body,  at  any  place, 
will,  in  one  second,  give  to  the  mass  or  matter  of  the  body  a  velocity  —  g,  or 
(on  the  earth's  suriace)  about  32.2  feet  per  second.  Or  if  a  body  be  thrown 
upward  with  a  velocity  — « g,  its  weight  will  stop  it  in  one  second. 

Since,  in  the  latter  case,  the  velocity  at  the  beginning  and  at  the  end  of  the 
second  are,  respectively,  —  g  feet  per  second,  and  —  0,  the  mean  velocity  of  the 

body  is  _£-  feet  per  second.  Therefore,  during  the  second  it  will  rise  _JL_  feet, 

2  2 

or  about  16  feet  In  other  words,  the  work  which  any  body  can  do,  by  virtue 
of  being  thrown  vertically  upward  with  an  initial  velocity  (velocity  at  the 
start)  of  g  feet  per  second,  is  equal  to  the  product  of  its  weight  multiplied  by 

-|— feet.    Or, 

work  in  foot-pounds    —    weight    X      ff 

Notice  that  in  this  case  (since  the  initial  velocity  v  is  equal  to  <jr),    v     —  1. 

Suppose  now  that  the  same  body  be  thrown  upward  with  double  the  former 
velocity;  i.  «.,  with  an  initial  velocity  equal  to  2  g  (or  about  64  feet  per  second*. 
Since  gravity  requires  (Art.  8  (c),  p.  310),  two  seconds  to  impart  or  destroy  this 
velocity,  the  body  will  now  move  upward  during  two  second*,  or  twice  as  long 
a  time  as  before.  But  its  mean  velocity  now  is  #,  or  twice  a<*  great  as  before. 
Therefore,  moving  for  double  the  time  and  with  double  the  velocity,  it  will 
travel  four  times  as  far,  overcoming  the  same  resistance  as  before  (viz. :  its 
own  weight)  through  four  times  the  distance. 

Thus,  by  making  its  initial  velocity  v  —  2  g,  i.  e.,  by  doubling  its  -Jl_,  making 

g 
it  —  2,  we  have  enabled  the  body  to  do  four  times  the  work  which  it  could 

do  when  its  — ^_  was  1;  so  that  the  work  in  the  second  case  is  equal  to  the 
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product  of  that  in  the  first  case  multiplied  by  the  square  of  -JL;  or 

9 


S.   "    weight    X    -f    X     (-j-Y 
-    weight    X    -§-    X    -il 


-    weight    X    -^1 
2flr 

And  it  is  plain  that  this  would  be  ithe  case  for  any  other  velocity.  Now  the 
total  amount  of  the  work  which  the  body  can  do,  is  independent  of  the 
amount  of  the  resistance  against  which  it  is  done;  for  if  we  increase  the 
resistance  we  diminish  the  distance  in  the  same  proportion,  so  that  their 
product,  or  the  amount  of  work,  remains  the  same.  The  above  formula, 
therefore,  applies  to  all  cases;  »'.  e.%  the  total  amount  of  work,  in  foot 
pounds,  which  any  body  will  do,  against  any  resistance,  by  virtue  of  its  motion 
alone,  in  coming  to  rest,  is 

Work  -  weight  of  moving  body,  in  lbs.  X  aqnMre  °f  itw  vel^ itj  in  ft  *"*  sec<<? 

—  weight  of  moving  body,  in  lbs.  X  fall  in  ft  required  to  give  the  velocity 

weight  of  moving  body,  in  lbs.  v.  square  of  its  velocity  in  ft  per  second 
_ X j 5 

In  these  equations,  the  weight  is  that  which  the  body  has  in  any  given  place, 
and  g  is  the  acceleration  of  gravity  at  that  same  place. 

(b)  Since  the  weight  of  a  body  ia  ifc8  maS8  (Art  u>  p  312^  the  lftgt  formuia 

g 
becomes,  by  "method  A/'  Art.  U  (d)\ 

work  mass  of  moving  body  y,  square  of  its  velocity  in  ft  per  second 

in  footpounds  ™         in  "matts*'         A  T 

and  by  "method  B,"  Art.  11  (•), 

work        _  mass  of  moving  body  y.  square  of  its  velocity  in  ft  per  second 
infoot^poundate""  in  pounds  A  2 

(c)  In  the  above  equations  the  left  hand  side  represents  the  work  (or  resis- 
tance overcome  through  a  distance)  in  any  given  case,  while  the  right  hand 
side  represents  the  kinetic  energy  of  the  oody,  by  which  it  is  enabled  to  do 
that  work.  Some  writers  call  this  energy  "vie  viva,"  or  "  living  force"  a 
name  formerly  given  (for  convenience)  to  a  quantity  just  double  the  energy, 
or  «=  mass  X  velocity2. 

(d)  As  an  illustration  of  the  foregoing,  take  a  train  weighing  1,120,000 
pounds,  and  moving  at  the  rate  of  22  feet  per  second.  The  kinetic  energy 
of  such  a  train  is  . 

energy    —    weight    X    ve  o°*  y»  .         or> 

1,120,000  lbs.  X  —  —  8,400,000  ft.-lbs. 
64.4 

That  is,  if  steam  be  shut  off,  the  train  will  perform  a  work  of  8,400t000  ft.-Ibe. 
in  coming  to  rest  Thus,  if  the  sum  of  all  the  resistances  (of  friction,  air, 
grades,  curves,  etc.)  remained  constantly  —  5000  lbs.,»  the  train  would  travel 

8,400,000  ft.-lbs.   _  16g0  ft 
6000  lbs. 

(e)  We  thus  see  that  the  total  quantity  of  work  which  a  body  can  do  by  virtue 
of  its  motion  alone,  and  without  assistance  from  extraneous  forces,  is  in  pro- 
portion to  the  weight  of  the  body  and  to  the  square  of  its  velocity  when  it 
begins  to  do  the  work.  For  example,  suppose  that  a  train,  at  the  moment 
when  steam  is  shut  off,  has  a  velocity  of  10  miles  an  hour  and  that  the  kinetic 
energy,  which  that  velocity  gives  it,  will  by  itself  carry  the  train  against  the 

*  In  practice,  this  would  not  be  the  case.    See  pp.  374,  etc. 
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resistances  of  the  road,  etc.,  for  a  distance  of  one  quarter  of  a  mile  before  it 
stops.  Then,  if  steam  be  shut  off  while  the  train  is  moving  at  6, 20, 30  or  40 
miles  per  hour  (t.  e.  with  U,  2, 3  or  4  times  10  miles  per  hour)  the  train  will 
travel  JL,  1, 2  %  or  4  miles  (or  K»  *» 9  or  10  times  %  mile)  before  coming  to 

rest.* 

But  the  rate  of  work  done  is  proportional  simply  to  the  resistance  and  the 
velocity  (Art  18 d,  p.  318).  Therefore,  the  locomotive  whose  steam  is  shut  oft 
at  20,  30  or  40  miles  per  hour,  will  require,  for  running  its  4, 9  or  16  quarters 
of  a  mile,  but  2, 3  or  4  times  as  many  seconds  as  it  required  at  10  miles  per  hour. 
The  same  principle  applies  to  all  cases  of  acceleration  or  of  retardation.f 
For  instance,  in  the  case  of  a  falling  body,  the  distance  through  which  it 
must  fall  in  order  to  acquire  any  given  velocity  is  as  the  square  of  that 
velocity,  but  the  time  required  is  simply  as  the  velocity.  Also,  if  a  body  is 
thrown  vertically  upward  with  any  given  velocity,  the  height  to  which  it  will 
rise  by  the  time  gravity  destroys  that  velocity,  will  be  as  the  square  of  the 
velocity,  but  the  time  will  be  simply  as  the  velocity.    See  Caution,  p.  362. 

Art.  »0  (a).  The  momentum  of  a  moving  "body  (or  the  product  of  its 
mass  by  its! velocity)  is  the  rate,  in  foot-pounds  per  second,  at  which  it  will 
begin  to  work  against  a  resisting  force  equal  to  its  own  weight,  as  in  the  case  of 
a  Dody  thrown  vertically  upward.  At  the  instant  when  it  comes  to  rest,  ita 
momentum,  or  rate  of  work,  is  of  course  -•  nothing.  Therefore  its  mean  rate 
of  work,  or  mean  momentum,  is  one-half  of  that  which  it  has  at  the  moment 
of  starting. 

Thus,  suppose  such  a  body  to  weigh  5  lbs.  Then,  whatever  its  velocity  may 
be,  6  pounds  is  the  resisting  force,  against  which  it  must  work  while  coming 
to  rest.    Let  the  initial  velocity  be  96  feet  per  second.    Then  its 

momentum  —  mass  X  velocity  —  5  X  96  —  480  foot-pounds  per  second; 

and,  while  coming  to  rest,  its 

mean  momentum  —  mass  X      .^  ^  —  240  foot-pounds  per  second. 

Now,  in  falling,  the  weight  of  the  body  (5  lbs.),  would  give  it  a  velocity  of  96 
feet  per  second  in  about  three  seconds.  Consequently,  in  rising,  it  will  destroy  its 

velocity  in  the  same  time.  In  other  words,  the  time  —     velocity velocity 

acceleration  g 

—  J  J  —  8.    Three  seconds,  therefore,  is  the  time  during  which  it  can  work. 

Now,  if  the  mean  rate  of  work  in  foot-pounds  per  second  (at  which  a  body 
can  work  against  a  resistance)  be  multiplied  by  the  time  during  which  it  can 
continue  so  to  work,  the  product  must  be  the  total  work  done.   Or,  in  this  case, 

work        mean  rate  of  work  w  time.  0jlft  w  «      »nn  ^  *.  j 

in  It-lbs.  -  in  ft-lbs.  per  sec.   X  or  No.  of  sees.  -  *°  x  3  -  72°  'oot-poonds. 

-  weight  X  yelocity  X  yelocity, 
2  g 

-weight  X  I^Sf  ,as  in  Art  19(a),  -5  X  ^  -  720  ft-pounds. 
*g  xa 

(b)  We  may  notice  also  that  since,  in  the  case  of  a  falling  body,  or  of  one 
thrown  upward,  Ye      ^  is  the  time  during  which  it  must  fall  in  order  to 

g 

acquire  a  given  velocity,  or  during  which  it  must  rise  in  order  to  lose  it, 
therefore, 

velocity  x  velocity  _  mean  velocity  x  time  _  distftnce  traversed; 

so  that 

weight  X  Ye1^ity<  -  weight  X  yetocity  X  velocity  - 
weight  X  distance  traversed      —  the  work. 

•This  supposes,  for  convenience,  that  the  resistances  remain  uniform 
throughout,  and  are  the  same  in  all  the  cases,  which,  however,  would  not  hold 
good  in  practice.    See  Art.  11,  p.  374. 

t  Retardation  is  merely  acceleration  in  a  direction  opposite  to  that  of  the 
motion  which  we  happen  to  be  considering. 
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Art.  SI  (a).  Knergw  *•  lndMtmetlUe.  Energy,  expended  in  work,  is 
not  destroyed.  It  is  either  transferred  to  other  bodies,  or  else  stored  up  in  the 
body  itself;  or  part  may  be  thus  transferred,  and  the  rest  thus  stored.  But, 
although  energy  cannot  be  destroyed,  it  may  be  rendered  useless  to  us.  Thus, 
a  moving  train,  in  coming  to  rest  on  a  level  track,  transfers  its  kinetic  energy 
into  other  kinetic  energy;  namely,  the  useless  heat  due  to  friction  at  the  rails, 
brakes  and  journals ;  ana  this  heat,  although  none  of  it  is  destroyed,  is  dissipated 
in  the  earth  and  air  so  as  to  be  practically  beyond  our  recovery. 

Art.  &3  (a).  Potential  energy,  or  possible  energy,  may  be  defined  as 
stored-up  energy.  We  lift  a  one-pound  body  one-foot  by  expending  upon  it 
one  foot-pound  of  energy.  But  this  foot-pound  is  stored  up  in  the  M  system  " 
(composed  of  the  earth  and  the  body)  as  an  addition  to  its  stock  of  potential 
energy.  For,  while  the  stone  falls  through  one  foot,  the  system  will  acquire 
a  kinetic  energy  of  one  foot-pound,  and  will  part  with  one  foot-pound  of  its 
potential  energy. 

(b)  The  potential  energy  of  a  "system"  of  bodies  (such  as  the  earth  and  a 
weight  raised  above  it,  or  the  atoms  of  a  mass  of  powder,  or  those  of 
a  bent  spring)  depends  upon  the  relative  positions  or  those  bodies,  and 
upon  their  tendencies  to  change  those  positions.  The  kinetic  energy  of  a 
system  (such  as  the  earth  and  a  moving  train  of  cars)  depends  upon  the  masses 
of  its  bodies  and  upon  their  motion  relatively  to  each  other. 

Familiar  instances  of  potential  energy  are— the  weight  or  spring  of  a  clock 
when  fully  or  partly  wound  up,  and  whether  moving  or  not;  the  pent-up  water 
in  a  reservoir;  the  steam  pressure  in  a  boiler;  and  the  explosive  energy  of 
powder.  We  have  mechanical  energy  in  the  case  of  the  weight  or  springs  or 
water;  heat  energy  in  the  case  of  the  steam,  and  chemical  energy  in  that 
of  the  powder. 

(c)  In  many  cases  we  may  conveniently  estimate  the  total  potential  energy 
of  a  system.  Thus  (neglecting  the  resistance  of  the  air)  the  explosive  energy 
of  a  pound  of  powder  is  —  the  weight  of  any  given  cannon  ball  X  the  height 
to  which  the  force  of  that  powder  could  throw  it,  —  the  weight  of  the  ball  X 
(the  square  of  the  initial  velocity  given  to  it  by  the  explosion)  -*-  2a.  But  in 
other  cases  we  care  to  find  only  a  certain  definite  portion  of  the  total  potential 
energy.  Thus,  the  total  potential  energy  of  a  clock-weight*  would  not  be 
exhausted  until  the  weight  reached  the  center  of  the  earth:  but  we  generally 
deal  only  with  that  portion  which  was  stored  in  it  by  winding-up,  and  which 
it  will  give  out  again  as  kinetic  energy  in  running  down.  This  portion  is  -=*  the 
weight  X  the  height  which  it  has  to  run  down  —  the  weight  X  (the  square  of 
the  velocity  which  it  would  acquire  in  falling  freely  through  that  height)  -4-  2>y. 

(d)  There  are  many  cases  of  energy  in  which  we  may  hesitate  as  to  whether 
the  term  "kinetic"  or  "potential"  is  the  more  appropriate.  Thus,  the  pres- 
sure of  steam  in  a  boiler  is  believed  to  be  due  to  the  violent  motion  of  the 
particles  of  steam,  which  bombard  the  inner  surface  of  the  boiler-shell;  so 
that,  from  this  point  of  view,  we  should  call  the  energy  of  steam  kinetic  But, 
on  the  other  hand,  the  shell  itself  remains  stationary;  and,  until  the  steam  is 
permitted  to  escape  from  the  boiler,  there  is  no  outward  evidence  of  enertry 
m  the  shape  of  work.  The  energy  remains  stored  up  in  the  boiler  ready  for 
use.  From  this  point  of  view,  we  may  call  the  energy  of  steam  potential  energy. 

(e)  It  seems  reasonable  to  suppose  that  further  knowledge  as  to  the  nature 
of  other  forms  of  energy,  apparently  potential  (as  is  that  of  steam),  might 
reveal  the  fact  that  all  energy  is  ultimately  kinetic. 

Art.  23  (a).  There  is  much  confusion  of  Ideas  in  regard  to  those 
actions  to  which,  in  Mechanics,  we  give  the  names,  "  force,"  **  energy," 
••  power,"  etc.  This  arises  from  t  he  fact  that  in  every-day  language  these 
terms  are  used  indiscriminately' to  express  the  same  ideas. 

Thus,  we  commonly  speak  ot  the  "  force"  of  a  cannon-ball  flying  through  the 
air,  meaning,  however,  the  repulsive  force  which  would  be  exerted  between  the 
ball  and  a  building,  etc-  with  which  it  might  come  into  contact.  This  force 
would  tend  to  move  a  part  of  the  building  along  in  the  direction  of  the  flight 
of  the  ball,  and  would  move  the  ball  backward ;  (i.  c,  would  retard  its  forward 
motion).  But  this  great  repulsive  "force"  does  not  exist  until  the  ball  strikes 
the  building.  Indeed,  we  cannot  even  tell,  from  the  velocity  and  weight  of  the 
ball,  what  the  amount  of  the  force  will  be,  for  this  depends  upon  the  strength, 
etc,  of  the  building.  If  the  building  is  of  glass,  the  force  may  be  so  slight  as 
scarcely  to  retard  the  motion  of  the  ball  perceptibly,  while,  if  the  building  is  an 

*  For  convenience  we  may  thus  speak  of  the  energy  of  a  *y$tem  of  bodies  (the 
earth  and  the  clock-weight)  as  residing  in  only  one  of  the  bodies. 
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earth  embankment,  the  force  will  be  much  greater,  and  may  retard  the  motion 
of  the  ball  so  rapidly  as  to  entirely  stop  it  before  it  has  gone  a  foot  farther. 

The  moving  ball  has  great  (kinetic)  energy;  but  the  only  force  that  it  exerts 
during  its  flight  is  the  comparatively  very  slight  one  required  to  push  aside  the 
particles  of  air. 

The  energy  of  the  ball,  and  therefore  the  total  work  which  it  can  do,  are  inde- 
pendent of  the  nature  of  the  obstruction  which  it  meets ;  but  since  the  work  is 
the  product  of  the  resistance  offered  and  the  distance  through  which  it  can  be 
overcome,  the  distance  must  be  inversely  as  the  resistance  offered  r  or  (which  is 
the  same  thing)  inversely  as  the  force  required  of,  and  exerted  by,  the  ball  in 
balancing  that  resistance. 

Since  work,  in  ft.-fbs.  =  force,  in  ft>s.,  X  distance  traversed,  in  feet,  we  have 

force  in  fts  =  work,  in  ft.-fts.  =       rate  of  work, 

'  *      distance  traversed,  in  feet       in  ft.-fcs.  per  foot. 

Art.  24  (a).  An  Impact,  blow,  stroke  or  collision  takes  place  when  a 
moving  body  encounters  another  body.*  The  peculiarity  of  such  cases  is  that 
the  time  of  action  of  the  repulsive  force  due  to  the  collision  is  so  short  that  gen- 
erally it  is  impossible  to  measure  it,  and  we  therefore  cannot  calculate  the  force 
from  the  momentum  produced  by  it  in  either  of  the  two  bodies;  but  since  both 
bodies  undergo  a  great  change  of  velocity  (i.  e.,  a  great  acceleration)  during  this 
short  time,  we  know  that  the  repulsive  force  acting  between  Jhem  must  be  very 
great. 

We  shall  consider  only  cases  of  direct,  impact,  or  impact  where  the  centers 
of  gravity  of  the  two  bodies  approach  each  other  in  one  straight  line,  and  where 
the  nature  of  the  surfaces  of  contact  (Art.  25,  p.  318/)  is  such  that  the  repulsive 
force  caused  by  the  impact  also  acts  through  those  centers  and  in  their  line  of 
approach. 

(b)  This  force,  acting  equally  upon  the  two  bodies  (Art.  5  (/),  p.  30$  for  the 
same  length  of  time  (namely,  the  time  during  which  they  are  in  contact),  neces- 
sarily produces  equal  and  opposite  changes  in  their  momentums  (Art.  12,  p.  314). 
Hence,  the  total  momentum  (or  product,  mass  X  velocity)  of  the  two  bodies  is 
always  the  same  after  impact  as  it  was  before. 

(e)  But  the  relative  behavior  of  the  two  bodies,  after  collision,  depends  upon 
their  elasticity.  If  they  could  be  perfectly  inelastic,  their  velocities,  after  im- 
pact, would  be  equal.  In  other  words,  they  would  move  on  together.  If  they 
could  be  perfectly  elastic,  they  would  separate  from  each  other,  after  collision, 
with  the  same  velocity  with  which  they  approached  each  other  before  collision. 

(d)  Between  these  two  extremes,  neither  of  which  is  ever  perfectly  realized  in 
practice,  there  are  all  possible  degrees  of  elasticity,  with  corresponding  differences 
in  the  behavior  of  the  bodies.  The  subject,  especially  that  of  indirect  impact,  is 
a  very  complex  one,  but  seldom  comes  up  in  practical  civil  engineering.  We 
therefore  refer  the  reader,  for  full  treatment  of  it,  to  such  works  as  those  of 
Kankine  and  Weisbach. 

(e)  "In  some  careful  experiments  made  at  Portsmouth  dock-yard,  England,  a 
man  of  medium  strength,  and  striking  with  a  maul  weighing  18  lbs.,  the  handle 
of  which  was  44  inches  long,  barely  started  a  bolt  about  %  of  an  inch  at  each 
blow ;  and  it  required  a  quiet  pressure  of  107  tons  to  press  the  bolt  down  the 
same  quantity ;  out  a  small  additional  weight  pressed  it  completely  home." 


-  Fig.  1. 

C 

ITig.  l  a. 

Art.  25  (a).  "  Applied  "  and  "  Imparted  "  forces.   When  force  is 
applied  by  contact  (Art.  5  (c),  p.  308),  the  repulsive  force  generated,  and  which 

*  The  term  "  impulse  "  was  formerly  applied  to  cases  of  collision.    It  is  now 
used  to  signify  the  action  of  a  force  during  a  certain  time.    See  Art.  12  (a),  p.  314. 
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tends  to  push  the  two  bodies  asunder,  acts  (theoretically)  always  at  right  angles 
to  the  surface  of  contact,  no  matter  what  angle  the  applied  force  may  form  with 
that  surface.  (For  apparent  exceptions,  see  below).  We  shall  confine  our- 
selves to  cases  where  the  two  bodies  tend  to  approach  each  other  in  one 
straight  line ;  and,  for  convenience,  we  shall  give  the  name  applied  force 
to  the  tendency  of  the  body  a  to  aproach  the  other  body  (B),  and  the  name 
force  to  the  action  of  the  repulsive  force  upon  B. 


(b)  If  the  two  rigid  bodies  tend  to  approach  each  other  in  a  direction  at  right 
angles  to  the  surface  of  contact,  as  at  a,  Fig.  1,  or  at  right  angles  to  a  tangent 
to  that  surface,  as  at  c,  d  and  e,  then  the  imparted  force  is  equal  to  the  applied 
force. 

But  if  the  applied  force,  F  g,  Fig.  1  a,  is  oblique  to  the  surface  *  t  of  contact, 
then  (theoretically)  the  imparted  force  v  g,  is  less  than  the  applied  force. 

To  find  tho  amount  of  the  theoretical  imparted  force  in  such  cases;  let  ig 
represent  by  scale  the  amount  of  the  applied  force  (in  pounds,  etc.),  and  draw 
%  s  at  right  angles  to  s  t.  Then  i  s  will  represent,  by  the  same  scale,  the 
imparted  force,  acting  upon  B  in  the  direction  v  g;  and  sg  will  represent  the 
force  with  which  a  now  tends  to  slide  up  the  plane  s  t.  As  it  thus  slides,  it  will 
(if  it  still  retains  its  original  tendency  m  the  direction  F  g),  continue  to  exert 
the  pressure  v  g  (=  i  s)  against  B  at  each  point  of  its  path,  s  t. 

(c)  But  in  practice  we  invariably  find  apparent  violation  of  tnl* 

principle.  Thup,  in  many  cases",  B,  Fig.  1  a,  would  move  in  the  direction  F  q  of 
the  applied  force,  while  a,  instead  of  sliding  along  s  t.  would  remain  in  contact 
with  B  at  g  and  continue  to  move  onward  with  it  in  the  direction  F  </,  but  with 
diminished  velocity  because  of  the  retardation  (or  negative  acceleration) 
caused  by  the  repulsive  force  acting  in  the  direction  g  F.  This  shows  that 
said  force* here  acta  in  the  line  F  gr,  or  obliquely  to  the  surface ,  8 1,  of  contact. 

This,  howover,  is  merely  because  even  the  most  highly  polished  flat  surface, 
ao  s  t,  is  not  (as  it  appears  to  the  eye)  a  plane,  but  is,  in  fact,  a  more  or  less 


1 


Fig.   3 

Jagged  surface,  Fig.  2,  as  would  appear  under  a  sufficiently  powerful  micro- 
scope ;  bo  that  the  forco  F  a,  instead  of  forming  the  apparent  angle  F  g  s  with 
one  smooth  surface  s  t  of  application,  really  Decomes  a  series  of  parallel 
forces,  as  c,  d  and  c,  which  form  other  angles  with  a  number  of  surfaces,  m  m, 
n  n,  etc.,  of  application,  inclined  (often  in  different  directions)  to  the  general 
surface  8  L  as  shown.  Among  these  surfaces  may  be  some,  as  m  m,  at  right 
angles  to  the  applied  force ;  and,  the  force  c  will  be  imparted  to  them  in  its 
original  direction,  although  applied  obliquely  to  the  apparent  surface  s  t,  or. 
in  the  case  of  the  two  forces,  a  and  e,  applied  to  the  surfaces,  n  n  and  o  o.  if 
the  sliding  tendencies  along  the  two  surfaces  are  equal  and  act  in  opposition 
to  each  other,  the  combined  resistance  of  the  two  surfaces,  n  n  and  o  o,  is 
directly  opposite  to  the  forces,  as  would  be  that  of  a  single  surface  at  right 
angles  to  those  forces. 

(d)  It  is  of  course  entirely  out  of  the  question  to  ascertain  the  exact 
resistance  of  each  such  microscopic  projection  in  any  given  case.  Instead  of 
this,  we  And  by  experiment  the  combined  resistance  which  all  of  the  projec- 
tions, in  a  given  case,  offer  to  the  sliding  force,  9  g  Fig.  1  a,  and  give  to  this 
resistance  the  name  of  friction.  See  Arts.  CI  to  G4,  pp.  363  to  356 ;  and  "  Fric- 
tion," pp.  370  tc  375. 


FORCE  IN   RIGID   BODIES. 


3180 


BM«.3 


WMlltyww 


(•)  If  it  were  not  for  friction,  a  body,  Fig.  04,  p.  355,  would  slide  down  an 
inclined  plane  too;,  no  matter  how  slight  its  inclination  might  be;  but  wo 
know  that  friction  often  prevents  such  sliding,  even  when  the  plan©  forms  a 
considerable  angle,  y  x  w,  with  a  horizontal  line yx.  When  this  angle  becomes 
so  great  that  the  body  is  just  on  the  point  of  starting  to  slide  down,  it  f» 
called  the  angle  of  friction;  and  in  Fig.  1  o,  if  the  force  Fgr,  does  not  form 
with  the  perpendicular  vyan  angle  v  g  F,  greater  than  this  angle  of  friction, 
then  friction  will  oppose  all  the  sliding  force  8  gy  no  matter  how  great  it  may 
be;  so  that  a  g  also  will  be  imparted,  in  its  own  direction,  to  B;  and  the  eow*- 
bined  effect,  or  resultant  of  s  g  and  v  g,  is  i  g.  In  other  words,  the  entire 
applied  force  i  g  will  be  imparted  to  B  at  g,  and  in  its  original  direction  F  g. 
This  is  merely  another  way  of  explaining  the  action  of  the  forces,  c,  d  and  et 
Fig.  2. 

(f)  This  remark  is  particularly  applicable  to  the  case  of  the  masonry 
Joints  In  the  abutments  of  stone  arches;  especially  those  of  largo 
span,  with  small  rise.  The  pressure  which  such  an  arch 
exerts  upon  its  abutments  is  very  great;  and  its  line 
of  direction  changes  at  each  joint,  as  at  o,  n  and  m.  Fig.  3. 
It  therefore  becomes  necessary  first  to  find  the  posi- 
tion of  this  line  (see  Art.  72,  p.  359),  so  as  to  know  how  to 
draw  the  varying  inclinations  of  the  joints  nearly  at 

right  angles  to   it;   otherwise,  the   upper  courses 

are  liable  to  slide  outward  upon  the  lower  ones,  as 
shown  by  the  arrow.  In  small  arches  of  considerable 
rise,  the  sliding  portion  of  this  force  may  be  safely 
resisted  by  good  mortar  or  cement,  if  sufficient  time  be  first  allowed  for  it  to 
harden  properly;  but  in  large  ones,  the  direction  of  the  joints  must  be  relied 
on,  unless  we  increase  the  expense  by  making  the  abutments  unduly  thick. 
The  angle  of  friction  of  masonry  on  masonry  (see  table,  p.  373)  is  about  32°. 
Therefore,  if  at  any  bed-joint  of  masonry,  as  in  the  abutment  of  Fig.  3,  the 
resultant  that  cuts  said  joint  at  the  line  of  pressures,  o  n  w»,  does  not  differ 
more  than  32°  from  a  perpendicular  to  said  joint,  there  will  be  no  unresisted 
tendency  to  slide  at  that  Joint 

(g)  Fig.  4  is  added  merely  to  illustrate  more  strikingly  the  necessity  for 
clearly  distinguishing  between  applied 

and  imparted  forces.   Here  the  great  &    c 

force  a  o  is  applied  to  the  body  B  B  at    r";^:^^^^- "  "1 

the  point  o;  but  all _of 'it  that  is  theo-  ^^^^^^^^^5^^—    ' 

retically  imparted  to  the  body,  or  pro-  -n       -m*      -<*_         ft 

duces  any  kind  of  effect  upon  it,  is  the  a       J^JE*  **        •" 

very  small  amount  represented  by  e  o, 

at  right  angles  to  the  surface  of  B  B  at  o,  but  we  have  seen  that  in  practice 

friction  increases  it,  and  makes  its  direction  coincide  more  nearly  with  that 

otao. 

All  this  will  be  better  understood  after  studying  Composition  and  Resolution 
of  Forces,  Arts.  28,  etc.,  pp.  319,  etc. 

(h)  If  force  /  be  imparted  to  any  rigid  body,  as  N,  Fig.  5,  at  any  point 

c;  and  if  fo  represent  the  direction 
in  which  it  was  imparted,  whether 
as  a  pull  or  as  a  push,  then  the  forco 
will  produce  the  same  effect  upon 
the  body  considered  as  an  entire 
mass,  as  if  it  had  been  imparted  as 
either  a  pull,  or  a  push,  in  the  same, 
direction,  at  any  other  point  of  the 
body  in  said  line ;  as  at  1. 1,  8,  0,  Ac. 

Under  Composition  and  Resolution 
of  Forces,  it  will  be  seen  to  be  some- 
times necessary  to  consider  a  push 
.  .  .  ,  /e,  to  be  changed  to  a  pull  0  h,  and 

vice  versa,  when  we  wish  to  ascertain  the  joint  effect  or  resultant  of  a  pull 
and  push  imparted  to  a  body  at  the  same  time.    See  Remark  1,  Art.  29,  p.  320. 
(1)  The  foregoing  important  principle  holds  good,  no  matter  how  many  differ' 
ent  forces  maybe  acting  upon  the  body  at  the  same  time,  in  different  directions; 
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or  how  much  the  direction  of  their  joint  effect,  or  resultant,  may  differ  from 
that  of  any  one  of  them ;  the  action  of  each  force,  considered  separately,  may 
be  regarded  as  just  stated.  The  tendencies  of  several  forces,  acting  at  the 
same  moment,  may  therefore  frequently  be  first  investigated  one  oy  one ; 
and  these  tendencies  then  combined  into  one ;  or  the  forces  themselves  may 
first  be  combined  into  one  or  more  resultants,  as  directed  under  Composition 
and  Resolution  of  Forces,  and  the  effect  of  these  resultants  considered.  The 
engineer  has  generally  to  divide  all  the  forces  acting  upon  his  structures  into 
two  classes;  namely,  those  whose  tendency  is  to  secure  the  stability  he 
requires ;  and  those  which  tend  to  impair  that  stability.  He,  therefore,  first 
finds  the  resultant,  or  joint  effort,  of  each  class  separately ;  and  then  compares 
these  two  resultants  with  each  other. 

(J)  It  is  plain  that  if,  instead  of  regarding  the  body  as  rigid,  we  considered  it  as 
elastic,  or  as  breakable,  an  entirely  different  course  would  be  necessary,  as 
the  question  would  then  become  one  on  the  strength  of  materials :  for  the  force 
f.  applied  at  c  or  t,  as  a  push,  might  break  off  the  pieces  c  and  t;  and  so  with 
the  same  force  as  a  pull  at  s  or  o.  Although  masonry,  iron,  timber  and  other 
building  materials  are  by  no  means  absolutely  rigid,  yet  generally  they  may 
be  assumed  to  be  so  when  we  are  investigating  the  effect  of  force  to  over- 
throw or  derange  the  structure  as  a  whole. 

Art.  $96  (a).    When  different  forces  act  upon  a  body,  it  is  absolutely  essen- 
tial, in  considering  their  effects  upon  it,  to  know  whether  they  all  act  In  the 
plane |  for  if  they  do  not,  their  effects  become  totally  different 
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A  flat  piece  of  paper  is  a  plane,  and  if  on  it  we  draw  any  number  of  straight  lines, 
in  any  direction  whatever,  they  will  represent  so  many  forces  all  acting  in  that  same 
plane;  that  is,  the  same  flat  surface  coincides  with  the  directions  of  all  of  them  It 
will  evidently  do  the  same  in  whatever  position  this  plane  surface  may  be  placed, 
whether  horizontal,  vertical,  or  inclined.  Straight  lines  drawn  on  the  floor  of  a  room, 
will  represent  forces  in  that  same  plane;  lines  on  the  ceiling,  forces  in  tliat  same 
plane;  which  of  course  is  not  the  same  plane  as  that  of  the  floor;  so  with  lines  on  the 
sides  of  the  room.  AH  the  line*  ot,it,at,ct.  Fig.  6,  are  in  the  same  plane  toie. 
Although  i  t  is  in  the  plane  toie;  and  t  e  at  the  same  time  in  the  plane  tcge,  and 
in  the  plane  tone;  and  8  e  in  the  plane  sneg;  and  ts\n  the  plane  ites,  still  all  of 
these,  namely,  1 t,  t e,  s t,  and  t «,  are  evidently  in  the  same  plane  ites.  Any  two 
lines  which  meet,  or  would  meet  or  intersect  each  other  if  sufficiently  extended  in 
either  direction,  are  in  the  same  plane ;  as  o  t,  i  t;  or  8 1,  it'  or  t *,  e s.  Still  two 
lines  may  bo  in  the  same  plane,  and  yet  not  meet  if  extended;  as  for  instance,  tho 
parallel  line's  ct,ge,  in  the  plane  tcge.  The  lines  at  and  a  c,  being  in  parallel 
planes,  oict  and  nseg,  cannot  meet  if  extended.     for  parallel  forces,  see  p.  347. 

Remark.  We  must  not  confound  acting  in,  with  acting  on,  upon  or  against 
the  same  plane.  The  floor  of  a  room  is  a  plane,  and  upon  or  against  that  same 
plane,  forces  in  a  thousand  different  planes  may  act.  The  distinction  is  so 
self-evident,  that  a  bare  allusion  to  it  will  prevent  mistake.    See  Fig.  1,  p.  347. 

Art*  SIT  (a).  Stress  or  strain  takes,  place  when  two  forces  act  upon  a 
body  or  particle,  either  in  opposite  directions  or  in  directions  meeting  at  an 
angle.41    This  occurs  when  force  is  applied  to  a  body  in  such  a  way  that,  at  a 


*  Modern  writers  on  the  Strength  of  Materials  call  this  action  of  opposite 
forces  "stress;"  and  apply  the  term  "strain"  to  the  change  of  shape  which  a 
body  undergoes  when  thus  acted  upon.  We  use  the  word  "strain"  in 
its  usual  sense,  viz.:  as  denoting  stress,  or  the  action  of  the  opposing  forces. 
Under  Strength  of  Materials,  pp.  434,  etc.,  we  use  the  word  "stretch"  for 
change  of  shape,  as  better  expressing  that  idea  than  does  the  word  "  strain." 
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given  instant,  it  acts  unequally  (or  in  different  directions)  upon  different  parts 
of  it;  in  other  words,  when  force  is  communicated  through  matter.   Different 

§  articles  of  the  body  then  tend  to  more  with  different  velocities,  or  in  different 
irections,  and  thus  to  separate  from  each  other.  This  is  prevented,  if  at  all, 
by  the  inherent  cohesive  forces  of  the  material,  which  tend  to  hold  the 
particles  together  or  in  their  original  positions.  Ihese  forces  thus  transfer 
the  extraneous  force  from  one  particle  to  another,  and  compel  it  to  give  a 
small  acceleration  to  the  entire  mast  of  the  body  instead  of  a  greater  accelera- 
tion to  the  small  part  lying  near  the  point  of  application. 

Thus,  if  we  attempt  to  move  a  heavy  weight  suspended  by  a  cord,  however 
long,  by  pulling  upon  a  string  attached  to  one  side  of  the  weight,  the  pull 
tends  first  to  set  in  motion  the  particles  near  its  point  of  application,  while  the 
other  particles  of  the  body  have  not  yet  been  acted  upon  by  it  This  tendency 
is  resisted  by  the  inherent  cohesive  force  thus  called  into  action  between 
these  particles  and  those  next  beyond  them,  which  force,  while  it  pulls  the 
first  particles  in  a  direction  opposite  to  the  tension  of  the  string,  pulls  the  next 
ones  in  the  direotion  of  that  tension,  thus  (as  it  were)  transmitting  the  pull 
of  the  string  to  them.  The  force,  or  stress,  or  strain,  is  thus  rapidly  trans- 
mitted from  particle  to  particle  throughout  the  body,  each  particle  being 
subjected  to  a  strain  by  the  two  forces  which  act  upon  it  m  opposite  directions. 

(b)  The  inherent  cohesive  force  of  matter,  by  which  its  particles  are  held 
in  close  union,  frequently  causes  the  matter  itself  to  appear  to  resist  straining 
force;  thus,  a  cake  of  ice  may  sustain  a  great  pressure;  but  it  we  destroy  its 
cohesive  force  by  converting  it  into  water,  it  will  yield  readily,  So  with  the 
metals  and  stones  if  reduced  to  dust  It  is  not  the  material  that  resists  being 
broken;  but  the  inherent  cohesive  farce  which  holds  the  particles  of  the  ma- 
terial together.  If  they  are  not  sufficient  to  resist  the  separating  tendency 
of  the  extraneous  forces,  the  body  will  be  broken. 

This  view  of  the  subject  Is  treated  of  under  "Strength  of  Materials,'*  pp.  434, 
etc.  We  here  confine  ourselves  to  the  consideration  of  the  effect  produced  upon  the 
rigid  body,  at  a  whole,  by  two  external  forces  acting  upon  it  either  in  opposite  direc- 
tions or  in  directions  meeting  at  an  angle. 

(c)  Stress*,  or  Strain,  as  thus  considered,  is  the  action  of  equal  forces,  or  of 
equal  parts  or  components  of  unequal  forces,  acting  upon  a  body  in  oj  posite  directions 
in  the  same  straight  line.     See  foot-note  *,  p.  618  h. 

(1)  If  the  imparted  forces,  as  ca  and  6  a,  Fig.  9l4,  p.  320,  form  an  angle  with  each 
other,  then  equal  components,  o  i  and  6  o,  of  the  two  forces,  react  against  each  other 
at  the  point  a  as  strain,  while  the  other  two  components,  (iaof  cat  and  oa  of  ba, 
which  may  or  may  not  be  equal)  form  a  resultant,  na,  which  acts  at  a  as  unbalanced 
force,  giving  motion  to  the  body  unless  prevented  by  some  third  force. 

(2)  If  unequal  forces  act  upon  a  body  in  opposite  directions  in  the  same  straight 
line,  the  smaller  force,  and  a  portion  of  the  greater  force  equal  to  the  smaller  one, 
act  against  each  other  as  strain,  and  the  remainder  of  the  greater  force  (i.  e.  the 
resultant),  gives  motion  to  the  body  in  its  own  direction. 

(3)  If  two  equal  and  opposite  forces  act  upon  a  body,  they  have  no  resultant 

In  all  these  three  cases  the  two  equal  and  opposite  forces,  or  components,  destroy 
each  other's  effects  by  acting  against  each  other  as  strain,  and  thus  give  the  .body  no 
tendency  to  move  in  either  direction. 

Strictly  speaking,  the  two  equal  forces,  straining  against  each  other,  do  not  even 
keep  a  body  at  rest;  but  the  l*ody  rests  merely  because  the  two  forces  balance  each 
other,  and  therefore  cannot  prevent  it  from  resting.  As  a  matter  of  convenience  only, 
we  may,  however,  say  they  keep  it  at  rest. 

(d)  The  mere  fact  that  a  body  is  subjected  to  great  strains  from  equal  forces  acting 
upon  it  in  opposite  directions,  does  not  of  itself  render  the  body  more  difficult  to 
move  than  if  it  were  free  from  strains. 

Thus,  let  B,  Fig.  7,  l>e  a  block  resting  on  a  horizontal  support,  and  acted  upon  by  a 
downward  force  dot  100  tons,  produced  by  an  immense  block  of  granite  resting  upon 
B.  Now  it  is  plain  that  this  100  tons  downward  force  will  be  met  and  balanced  by  a 
100  tons  upward  force  t»,  being  the  resistance  of  the  horizontal  support.  These  two 
equal  reacting  forces  produce  in  the  body  B  a,  strain  of  100  tons ;  but  evidently  do 
not  impart  to  it  as  a  wholo  any  tendency  to  move  in  any  direction  whatever ;  nor  do 
they  tend  to  prevent  it  from  being  moved  in  any  direction.  The  body  therefore 
rtmaiu  as  before  a  mere  inert  mass  incapable  of  resisting  the  slightest  moving  force. 
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Now  suppose  no  friction  to  exist  at  either  the  base  or  the  top  of  8.  Then  the 
slightest  horizontal  force  h,  a  mere  breath,  would  slide  B  along  the  horizontal  sup- 
port, moving  it  from  under  the  100  ton  block  on  its  top.  No  matter  how  heavy  B 
might  be,  the  same  smallest  force  would  slide  it,  the  only  difference  being  that  the 
heavier  it  was  the  greater  must  be  its  mass,  and  the  less  would  be  the  velocity  im- 
parted in  a  giveu  time.  If  perfectly  hard  and  frictionless  rollers  were  interposed 
between  B  and  its  support,  B  would  slide  over  the  rollers,  under  the  action  of  force  a, 
without  moving  the  rollers  in  tlu,  least,  or  making  them  revolve,  or  even  tending  to 
so  move  them  or  make  them  revolve. 

.  The  heaviest  bodies  resting  upon  the  surface  of  the  earth,  as  well  as 
ourselves,  would  be  swept  along  by  the  slightest  breeze  if  it  were 
not  for  friction. 

If  the  screw  of  a  vise  be  worked  until  it  produces  a  great  strain  in 
the  jaws  of  the  vise,  the  vise  is  not  thereby  rendered  more  difficult  ^ 

to  move.  TTio-  «y'* 

Again,  if  a  strain  of  thousands  of  tons  were  produced  bythe  jaws  of  a""  *■»* 
vise  in  a  body,  weighing  an  ounce,  this  immeuse  strain  would  not  prevent,  nor 
even  tend  in  the  smallest  degree  to  prevent,  the  ounce  body  from  falling  down  from 
the  jaws  of  the  vise.  It  is  prevented  by  friction,  v  hich  is  simply  the  upward  resisting 
force  of  the  roughnesses  or  projection*  on  the  faces  of  I  he  jaws.  The  two  forces  of  thou- 
ands  of  tons  each,  which  produce  the  strain  of  the  vise,  are  entirety  destroyed,  as 
regards  their  action  upon  the  body  as  a  whole.  Hence  they  could  not  prevent  the 
one  ounce  from  producing  motion  in  it ;  nor  could  they  affect  it  as  a  whole  in  any 
way ;  for  all  their  action  is  against-  each  other.  It  is  on  this  principle  alone  that 
strains  do  not  interfere  with  motions. 

If  a  body  H,  Fig.  8,  of  10  tons  weight,  is  suspended  from  a  long  rope,  its  reaction 
against  the  equal  opposing  force  at  the  other  end  of  the  rope,  produces  a  continuous 
strain  among  all  the  particles  which  compose  the  rope ;  but  this  does  not  in  the  least 
affect  the  rope  considered  as  a  whole,  inasmuch  as  it  does  not  tend  to  move  it  in  any 
direction.  Now,  in  this  case,  there  is  practically  no  friction 
to  be  overcome ;  and  we  know  from  daily  experience  that  it  ^ 
is  therefore  easy  to  move  the  unresisting  body  a  little  distance, 
by  applying  a  very  small  horizontal  force/.  We  cannot  move 
it  far,  as,  fur  instance,  to  m,  because  we  then  have  not  only 
to  move,  but  to  lift  it  through  the  vertical  height  v  c.  In  doing  d 
this,  it  is  true  our  force  d<  >es  not  have  to  sustain  the  entire 

weight  of  the  body ;   because  most  of  it  is  sustained  by  the    -P ±[  U  'N         IT 

rope.    Still,  if  we  move  it  at  all,  we  have  to  overcome  some  J         ^rw'  iv 

of  its  weight;    otherwise,  a  mere  breath  would  move  it,        •y%/~~'^ 

although  very  slowly.     If   we  attempt  to  move  it  by  an         *^ 

upward  force  u,  we  shall  have  still  more  of  its  weight  to  re-  ITi£.  S 

sist  us;  and  if  by  a  downward  one  d,  we  shall  lie  resisted  by 

the  cohesive  force  of  the  rope.    Therefore,  in  this  case,  we  can  move  It  more  readily 

by  the  horizontal  force  f. 

(e)  Since  two  equal  opposing  forces,  or  equal  portions  of  unequal  ones,  thus  bring 
each  other  to  a  stand-stilL  or  equilibrate  each  other,  they  are  called  Static;  from  the 
Latin  "Sto,  I  stand ;"  and  that  branch  of  the  science  of  force  which  treats  only  of 
eases  in  which  all  the  applied  forces  keep  each  other  at  rest,  is  called  *'  Statics  "  or 
"  Equilibrium."  It  is  with  this  branch  of  the  science  of  Mechanics  that  the 
civil  engineer  is  chiefly  concerned. 

(t)  Strain,  like  the  force  which  produces  it,  is  conveniently  meaenaredi  «r 
ri  preaacd  In,  weights,  as  in  pounds,  tons.  Ac.  Its  amount  or  quantity  is  equal 
to  that  of  only  one  of  the  two  equal  opposing  forces.  Thus,  if  two  men  pull  againat 
each  other  at  two  ends  of  a  rope,  each  with  a  force  of  30  lbs  ,  the  strain  on  the  ror*» 
is  but  30  lbs;  as  is  made  manifest  if  one  of  the  men  applies  his  pull  through  a  spring 
balance  attached  to  his  end  of  the  rope.  If  the  other  man  also  does  the  same,  his 
balance  also  will  show  a  strain  of  89  pounds ;  but  this  does  not  indicate  that  the  total 
strain  is  60  lbs. ;  tor  if  ten  such  balances  were  inserted  along  the  rope,  each  would 
show  about*  30  lbs ,  but  they  would,  of  course,  not  increase  the  strain.  If  a  rope 
passes  over  a  pulley,  and  equal  weights  bo  suspended  at  each  end  of  it,  then  the  two 
equal  forces  of  gravity  of  the  two  weights  strain  against  each  other,  and  also  strain 
the  rope,  to  an  amount  equal  to  one  of  them. 


*  The  strain  is  a  little  less  at  the  center  than  at  the  ends.  See  Suspension  Bridge*, 
p.  616  If  the  rope  had  no  weight,  or  if  its  weight  were  supported  upon  a  horizontal 
table  in  line  with  the  pull,  the  strain  would  bo  uniform  (3  J  lbs.)  throughout  too  rope. 
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Art.  S8.    Composition  and  resolution  of  forces.    If  two  forces, 

a  o  and  o  o,  Figs.  9,  whether  equal  or  unequal,  are  imparted  at  the  same  time 
to  an  unresisting  rigid  body  o,  in  direction*  either  converging  toward,  or  diverging 
from^  the  tame  point  o,  at  any  angle  whatever;    then  the  body  o  cannot  possibly 


be  kept  at  rest  by  them ;  or  in  other  words,  equilibrium  cannot  exist  between  them; 
or  they  cannot  balance,  or  completely  react  against  each  other;  the  body  must  move. 
Equal  parte  of  each  of  the  two  forces  will  mutually  destroy  each  other  as  strain 
among  the  parHdee  of  the  body ;  while  the  remnining  portions  will  unite  to  constitute 
a  single  force  r  o,  which  will  move  the  whole  body  in  a  direction  o  d,  in  the  line  r  o 
extended ;  and  which  direction  o  d  will  always  be  somewhere  between  those  in  which 
the  separate  forces  would  have  moved  it 

If  we  lay  off  e  o  and  t  o  by  any  convenient  scale,  to  represent  respectively  the 
amounts  of  the  forces  a  o  and b  o.  nnd  then  complete  the  parallelogram  oert;  the 
diagonal  r  o,  measured  by  the  wme  scale,  will  represent  both  the  direction  and  tb,s 
Amount,  of  the  single  resultant  force. 
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The  Mine  proeeu  will  answer  also  for  forces  which  instead  or  motion,  produce  strata,  not  only  ia 
the  particles  of  the  body,  but  in  the  body  itself  considered  as  a  whole ;  or,  in  other  words,  a  tendency 
to  press  or  pull  the  entire  body  in  a  certain*  direction.  Thus,  suppose  that  two  men  were  either  poll- 
ing or  poshing  with  the  forces  co  and  to;  trying  in  Tain  to  detach  a  piece  o  or  rook,  from  a  cliff  of 
which  it  forms  a  portion ;  and  which,  by  its  inherent  force  of  cohesion  to  the  cliff,  defies  their  efforts. 
Here  we  have  a  case  of  extraneous  force*,  resisted,  or  reacted  against,  or  balanced,  by  etrength  of 
material. 

Asjn  the  case -of  motion,  the  two  forces  partly  destroy  each  other  as  strain  among  the  particles  of 
the  Dbdy ;  and  the  remainders  combine  to  form  the  single  force  r  o,  which  tends  to  move  the  whole 
body,  toward  d.  The  rock  resists  this  single  force,  by  a  cohesive  force  precisely  equal,  and  diametri- 
cally opposite  to  it ;  and  so  long  as  it  does  so,  there  is  strain  but  no  motion.  The  piece  of  rock  may 
have  strength  enough  to  oppose  a  much  greater  resistance;  but  cannot  actually  exert  it  unless  the 
men  also  exert  more  force. 

In  the  matter  of  comp  and  res  of  forces,  it  must  be  remembered  that  when  force  is  applied  to  a 
body  in  order  to  produce  motion,  care  must  be  taken  that  there  is  no  other  force  to  prevent  it;  bus 
when  the  force  is  intended  to  produce  strain,  it  is  equally  necessary  that  other  force  should  be  present 
to  oppose  it ;  for  strain  is  the  opposition  of  forces. 

The  flgocrt,  Figs  9,  is  called  the  parallelogram  of  force*.    The  two 

original  forces  co,  t  o,  are  called  the  components  of  the  force  ro;  which  mult*  from 
their  joint  action ;  and  the  force  r  o  is  called  the  resultant  of  the  original  ones  which 
compose  it.  The  principle  of  the  parallelogram  of  forces,  than  which  there  is  none 
more  important  in  the  whole  range  of  mechanical  science,  may  be  expressed  thus : 
If  any  two  forces,  (both  motions,  or  both  strains,)  whose  directions  either  converge 
toward,  or  diverge  from,  the  same  point,  be  represented  both  in  quantity  and  in  di- 
rection by  two  adjacent  sides  of  a  parallelogram :  then  will  their  resultant  be  simi- 
larly represented  by  the  diag  of  the  parallelogram,  * 


Rem.  1.  If  one  of  tbe  forces,  as  c,  upper  Fig  %  Is 
a  pull,  and  tbe  other  a  push,  then  to  find  their  result- 
ant ot  we  must,  before  drawing  the  parallelogram  of  forces,  move  (or  imagine 
to  be  moved)  one  of  the  forces  to  tbe  opposite  side  of  the  point  o,  so  as  to  change 
it  from  a  pull  to  a  push,  or  vtee  vena,  so  that  both  shall  be  pulls,  or  both  pushes, 
as  shown  by  the  two  lower  figs.  Otherwise  we  should  obtain  a  wrong  resultant 
no  of  the  top  fig.  Either  a  push  or  a  pull  equal  to  ot,  if  applied  at  o,  would  be 
equal  in  effect  to  the  push  a  and  the  poll  c.  The  remark  is  of  frequent  use  when 
finding  strains  in  bowstring  and  orescent  trusses  ;  as  in  many  other  < 

Rem.  2.  When,  any  three  forces  as  o,  ft,  c,  form- 
ing only  two  angles  axo  and  bxc,  balance  each  other 
at  any  point  x,  then  a  straight  line  as  oe  can  be 
drawn  through  that  point  so  that  all  three  forces 
shall  be  on  one  side  from  it;  then  also  a  parallelogram  xn  can  be 
drawn  on  the  three  lines  a,  b.  c,  having  the  middle  line  ft  for  its 
diagonal ;  and  this  diagonal  will  be  of  a  different  character  from 
the  two  outer  forces  a  and  c;  that  is.  if  they  are  pulls,  it  will  be 
a  push,  and  vice  versa.  But  if  as  in  the  three  balancing  forces 
t,i,s,  three  angles  assxt,  txi,  sxi,  are  formed,  neither  such  a  line, 
nor  such  a  parallelogram  can  be  drawn ;  and  the  three  forces  will 
all  be  alike,  all  pulls  or  all  pushes.  All  this  is  evident  from  the  two 
figures. 

Rem.  3.  We  have  alluded  to  equal  parts  of  each  component  as  being  lost,  or  de- 
stroyed, by  reacting  against  each  other;  thus  producing  within  the  body  a  straining 
of  its  particles ;  and  therefore  having  no  tendency  to  move,  push,  or  pull,  tbe  body 
as  a  whole,  in  any  direction. 

Let  b  a  and  c  a  be  any  two  components,  and  na  their  resultant.    From 
_        A    /^3l\  the  two  angles  6  and  c,  opposite  to  the  diagonal,  draw  bo  and  c  i  at  right 

jKA'QX.  (.— ^J  angles  to  the  diagonal;  or  to  the  diagonal  extended,  if  necessary,  as  in 

5    2  yCiJ^**^  "L     F'g9&-    These  two  lines,  bo,  ic.  will  always  be  equal  to  one  another; 

whatever  may  be  tbe  lengths  and  directions  of  the  components  to,  em. 
When  two  forces,  as  6  a,  c  a,  are  imparted  at  a.  there  ooours  a  loss  of  force 
equal  to  what  would  result  from  the  reaction  of  two  forces  equal  to  b  o  and 
e  i.  It  is  lost  by  beooming  strain  against  the  cohesive  forces  of  the  parti- 
cles  which  compose  the  body  a.  In  anticipation  of  what  is  said  in  Art  81, 
we  will  state  that  the  force  b  a  may  be  regarded  as  made  up  of  the  foreea 
1L  bo,  oa;  and  tbe  force  co,  or  ei,  ia;  which  act  also  in  those  directions, 

when  b  a  and  o  a  converge  toward  a,  as  in  Fig  9X ;  or  in  the  directions 
ao,  ob,  and  ai,ie,  when  tbe  foroes  diverge  from  a,  as  In  Fig  9*4.  In  either  ease,  however,  these 
forces,  bo,ao,ci,ia%  &c,  must  be  considered  as  being  Imparted  at  a.  This  being  supposed,  It  be* 
comes  plain  that  when  oa  and  ea  meet  at  a,  inasmuch  as  bo  and  ei  destroy  each  other  as  strata 
against  the  internal  cohesive  foroes  of  the  body,  there  remains  nothing  to  act  apon  the  body  oonsld- 
ered  as  a  whole,  except  oa  and  ia;  which,  being  together  equal  to  no.  (as  seen  in  the  fig.)  are,  ia 
other  words,  equal  to,  or  actually  compose,  the  resultant  n  a  of  the  two  components  b  a,  c«v  Set  Been  ft. 

*  Components  and  Resultants  may  be  calculated  by  the  form- 
ulas in  Art  45,  when  a  diagram  is  not  considered  sufficiently  accurate. 
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We  ooneelve  that  each  of  the  original  forces  endeavors  as  It  were  to  compel  the  other  to  leave  Its 
•wn  coarse,  and  fallow  that  of  Its  antagonist;  and  the  struggle  continues  until  they  have  succeeded 
In  forcing  each  other  into  the  tame  direction.  This  is  of  course  effected  by  their  reactions  against 
each  other;  and,  as  occurs  in  all  eases  or  reaction,  they  expend  equal  parts  of  their  forces  on  each 
other.  When  the  two  foroes  act  in  diametrically  opposite  directions,  where  there  is  no  neutral  diag 
direction  that  can  be  adopted,  there  is  no  alternative  but  for  the  larger  force  to  react  against  or  de- 
stroy the  smaller  one  entirely  ;  thereby  losing  an  equal  amount  of  its  own  force.  Its  remains  totter 
on  slowly  in  their  former  unchanged  direction-  The  writer  can  see  no  difference  of  principle  between 
ihe  reaction  of  opposite  forces ;  that  of  oblique  ones ;  and  that  of  those  at  right  angles  to  each  other. 

Rem.  5.  When  the  direction  ab.  Fig  9$£,  of  one  of  the  forces,  forms  an  angle  6 (in, 
greater  than  90°,  with  the  diagonal,  the  shape  of  the  parallelogram  of  forces  becomes 
such  that  the  two  equal  lines  oo  and  ct,  cannot  be  drawn  at  right  angles  to  the  diag 
an  itself;  or  within  the  parallelogram;  in  which  case  the  diag  most  be  extended 
each  way,  as  to  o  and  t ;  and  the  lines  bo,  ci,  mnst  be  drawn  at  right  angles  to  the 
extensions. 

When  this  occurs,  the  component  foroes  ao.ai,  cannot  as  in  Fig 
9}j  be  measured  on  the  diag  an  of  the  parallelogram ;  because  they 
will  be  greater  than  it;  but  must,  like  bo,  ei,  be  measured  outside 
of  the  fig.  And  here  it  must  be  remembered  that  a  o  and  a  i  no 
longer  measure  foroes  acting  (like  those  in  Fig  9^)  in  the  tame  di- 
rection. Thus  the  strain  along  a  b  may  be  considered  (see  Comp 
and  Res  of  Forces,  Art  SI)  to  be  made  up  of  two  forces  imparted 
at  a ;  namely,  a  bor  force  equal  to  o  o,  and  a  vert  one  equal  to  a  o, 
acting  upward.  And  the  strain  along  a  c,  as  made  up  of  one  hor 
force  equal  to  i  e,  and  a  vert  one  a  i.  (greater  than  the  whole  diag,) 
acting  downward;  both  of  them  imparted  at  a.  Hence,  the  re- 
sultant an  we  find  is  equal  to  the  din*  between  tfre  two  vert  compo- 
nents a  o  and  a  i.  Thus  it  is  seen  that  this  shape  of  the  parallelo- 
gram in  no  way  affects  the  principle  laid  down  iir  Remark  S. 


Ar*t.  29.  According  to  Art.  26A,  the  force  we,  Fig  10,  maybe  considered  as  im- 
parted to  the  rigid  body  B  at  any  point  whatever  in  its  Hue  of  direction  to  c ;  also, 
the  force  xi,  at  any  point  in  its  direction  x  d;  conse- 
quently, both  of  them  may  be  considered  as  imparted  at 
the  same  point  a;  inasmuch  as  it  is  situated  in  both  these 
lines.  Hence,  it  is  immaterial,  so  far  as  regards  the  effect 
of  those  two  converging  forces  upon  the  body  considered 
as  one  entire  rigid  mass,  whether  they  are  actually  im- 
parted like  z  o  and  y  o,  at  the  same  point  o ;  or  like  w  e  and 
xi,  at  diff  points  i  and  e.  For  in  either  usee  their  result- 
ant, or  joint  effect  upon  the  body  as  a  whole,  is  precisely 
the  same ;  namely,  a  tendency  to  move  the  body  in  the 
same  line  of  direction  oat.    This  tendency  will  actually 

{iroduce  motion  if  no  opposing  force  prevents ;  otherwise 
t  will  produce  strain  in  the  body. 

Rbm.  1. 


•w 


Hence  the  resultant  R,  of  two  converging  forces  F/,  Fig  10J^;  or  of  two 
diverging  ones  F/,  Fig  1<%  acting  in  the  same  plane,  but  imparted  at  diff  points 
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of  a  rigid  body  W,  may  be  found  as  readily  as  when  imparted  at  the  same  point;  as 
at  o,  Figs  V,  or  Fig  10. 

Thus,  produce  their  lines  of  direction,  either  forward  as  in  Fig  I0}i ;  or  backward  as  in  Fig  10K ; 
as  the  oase  may  require,  until  they  meet,  as  at  b.  Make  6  a  by  any  scale,  equal  to  the  force  /;  and 
b  e  equal  to  the  force  F.  From  a  and  c,  draw  lined  respectively  parallel  to  6  c  and  b  a ;  thus  complet- 
ing the  parallelogram  of  forces,  baic.  The  diag  6  i  of  this  parallelogram,  measured  by  the  same 
scale,  will  represent  the  reqd  resultant  R.  both  in  quautity,  and  in  direction.  It  is  thus  seen  that  it 
U  not  necessary  that  the  point  b  shall  be  in  the  body  itself. 

Rkm.  2.  It  is  perhaps  almost  useless  to  again  remind  the  young  student  that  the  bodies  are  all  along 
assumed  to  be  rigid ;  or  inelastic,  and  inoapable  of  being  broken  or  bent  by  the  Imparted  forces.  For 
otherwise  the  force/,  in  Fig  10}j,  might  split  off  the  top  of  the  body  ;  or  F  might  crush  to  dost  its 
toe  t;  or  both  might  penetrate  it.  But,  assuming  that  the  material  is  sufficiently  strong  to  resist 
such  splitting,  crushing,  and  penetration,  we  at  present  confine  ourselves  to  the  effect- of  the  forces, 
whether  as  motion,  push,  or  pull,  upon  the  body  as  a  whole.  The  splitting,  crushing.  Ac,  is  a  mat* 
ter  that  must  be  considered  under  the  head  of  Strength  of  Material*.  It  Is  of  course  quite  as  neces- 
n:iry  in  practice  to  pay  attention  to  these  effects  as  to  the  others,  but  it  must  be  done  by  a  separate 
process. 

Art.  30.  Since  the  effect  produced  upon  a  rigid  body  (con* 
sidered  as  a  whole)  by  the  resultant  (aet  Fig  11)  of  any  two  forces 
(6  c,  dc)  tending  to  or  from  the  same  point,  in  the  same  as  the  joint 
effect  of  those  two  forces  themselves,  it  follows  that  if  we  oppose 
to  those  two  forces  a  third  one  (nc)  equal  to  the  resultant  (ac), 
and  diametrically  opposite  to  it,  that  this  third  force  will  com- 
pletely react  against,  balance,  or  destroy  said  two  forces ;  or  rather 
their  remains.  It  is  frequently  necessary  to  consider  such  a  third 
force,  (n  c,)  equal  and  opposite  to  a  resultant  (a  c) ;  and  inasmuch 
as  we  do  not  know  that  any  specific  name  has  been  applied  to  it, 
although  one  is  needed,  we  suggest  anti-resultant.  Re- 
sultant (a  c)  may  be  defined  to  be  a  single  force  which  will  pro- 
duce upon  a  body  considered  as  a  whole,  the  same  result  that  its 
components  (6%c,  dc)  produce.  Or  as  a  force  which,  if  its  direction 
were  reversed,  (thus  making  an  anti-resultant,)  would  balance  its  components. 

In  theprecediug  Figs,  the  arrows  represent  pressure*;  if  all  the  arrows  be  reversed,  thus  indi- 
cating pull*,  the  principle  and  processes  remain  precisely  the  same ;  for  force  is  still  only  force ;  and 
its  effect  upon  a  rigid  body,  considered  as  a  whole,  is  the  same  whether  it  act  as  a  pull,  or  as  a  posh. 

When  the  foroes  diverge  from  the  same  point,  their  strain  is  a  pull,  or  a  tension ;  when  they  con- 
verge toward  it,  a  push,  or  pres,  or  compression. 

Art,  31.  By  a  process  the  reverse  of  that  in  Art  28,  any  single  force,  od,  Fig  12, 
may  be  resolved  into  two  component  ones,  n  d,  m  d,  one  on  each  side  of  it,  and  in 

-v  the  same  plane  with  it; 

1  which  would  produce  the 

same  effect  as  it  upon  a 
rigid  body,  d,  (considered 
as  a  whole,)  by  merely 
drawing  from  d,  2  lines 
dgtdty  showing  the  di- 
rections of  the  two  forces; 
and  then,  drawing  from 
o  two  other  lines  on^om^ 
respectively  parallel  to  d  gy  d  t ;  thus  completing  the  parallelogram  (dnotn)  of  forces, 
upon  od  as  its  diag.  Then  measure  dw,  and  dm,  by  the  same  scale  as  od\  and  they 
will  give  the  amount  of  each  of  those  forces. 

It  is  plain  that  an  influite  number  or  differently  proportioned  parallelograms,  such  as  dnosa,  dsom, 
Ac,  may  be  drawn  upon  any  line  o  d  as  a  diag ;  and  in  any  one  of  them,  two  adjacent  sides  will  rep- 
resent components  equal  in  effect  to  the  single  force  od,  represented  by  the  diag.  Thas  the  foroes 
nd.md,  are  equal  to  od,  as  regards  their  effect  upon  a  rigid  body  d,  as  a  whole.  So  are  also  the 
forces  s  d  and  a  d :  consequently  the  effect  of  •  d,  and  a  d,  is  equal  to  that  of  n  d,  and  m  d.  It  will  be 
observed  that  the  longer  any  two  components  on  the  same  diag  are,  (as  n  d,  m  d,  longer  than  sd,  ««U 
the  more  nearly  iu  a  straight  line,  and  more  directly  opposed  to  each  other,  do  they  become?  and 
consequently  the  more  nearly  do  they  mutually  destroy  each  other;  leaving  smaller  portions  of  each 
to  act  upon  the  body.  Thus  the  portion  of  the  great  forces  nd.md,  left  to  act  upon  the  body  at,  is 
ne  greater  than  that  of  the  small  forces  sd,  ad;  this  remainder  being  in  both  cases  represented  by 
the  resultant  o  d. 

Rem.    Hence,  if  we  hare  two  forces,  as  the  two  palls 

a  b,  ac,  Fig  12V*,  whose  amounts  and  directions  both  are 

f-C  fl  „x^^\  given ;  and  which  are  counteracted,  or  held  in  eqnilibriua, 

J         '  <\   "    __      22' JL        by  two  other  forces  such  as  the  two  palls  a/,  as,  whose 

directions  alone  are  known,  it  beoomes  easy  to  find  the 
amounts  a  d  and  a  o  of  these  last,  thus :  Complete  the 
parallelogram  bact;  and  draw  its  diag  at.  Main  ai 
equal  to  at,  apd  in  a  line  with  it.  Complete  the  paral- 
lelogram adio;  then  plainlv  ad  will  he  the  amount  of 
the  force  iu  the  direction  af;  and  a  o  that  in  the  direc- 
tion a  e. 
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Art.  32.  It  follows  from  the  foregoing  articles,  that  a  single  force  cannot  be 
resolved  into  two  components,  one  of  which  only  is  in  the  same  direction  as  that 
force  itself;  for  if  a  line  representing  that  force  be  taken  as  a  diag,  it  is  self-evident 
that  no  parallelogram  can  be  drawn  upon  it  which  shall  have  any  of  its  sides  par- 
allel to  said  diag. 

Therefore  a  rope,  uai,  Fig  15,  sustaining  a  wt  v,  w  long  a*  it  remains  perfectly  vert,  that  is,  pre- 
eiaely  in  tbe  direction  of  toe  force  or  gravity  of  the  wt,  will  receive  no  assistance  in  upholding  the 
wt  by  having  added  to  it  a  single  rope  at  o 6,  or  by;  or  one  extending  from  the  wt  itself  in  any  in- 
clined direction.  In  other  words,  a  perfectly  vert  rope  cannot  sustain  one  part  of  a  load,  and  one  in- 
alined  rope  another  part.  All  this,  indeed,  is  a  result  of  the  fact  stated  in  Art  15;  that  any  force, 
however  great,  (as  the  vert  force  of  an  Immense  suspended  weight  to,  Pig  15.)  will  be  turned  out  of 
lis  direction  by  any  other  force,  however  small,  (as  a  slight  pull  from  a  rope  06,  or  by,)  unless  there 
be  some  third  force  to  prevent  iu  In  the  present  instance,  this  third  force  might  be  a  third  rope; 
far  the  rope  a  b  will  be  relieved,  and  still  remain  vert,  if  we  employ  two  oblique  ones  to  assist  it.  pro- 
o4ded  ikey  be  eouu&g  opposite  each  other;  or,  in  other  words,  that  all  three  ropes,  or  forces,  be  in 
»  neplane. 


Fipi4 


Bo  also  in  the  ease  of  a  vert  post  sustaining  a  load ;  tbe  pres  from  the  load  oannot  pass  rert  through 
Jie  axis  of  the  post,  if  the  load  at  tbe  same  time  is  partly  sustained  by  a  single  oblique  brace  pressing 
against  the  post.  Indeed,  such  a  brace,  by  turning  away  the  direction  of  the  strain  from  the  axis 
of  the  post,  may  .very  materially  diminish  the  power  of  the  latter  to  sustain  the  load;  for  it  will  be 
found  nnder  Strength  of  Materials,  that  if  the  strain  along  a  post  or  column  does  not  pass  directly 
through  its  axis,  the  column  may  In  some  cases  lose  two-thirds  of  its  strength.  The  principle  of 
course  applies  to  force  in  any  other  direction,  as  well  as  vert. 

A  resultant  may  be  greater  or  less  than  either  one  of  its  two  oblique  components ; 
bat  it  can  never  be  greater,  or  even  quite  equal,  to  both  of  them :  on  the  plain  prin- 
ciple that  any  two  sides  of  a  triangle  are  greater  than  the  third  side.  If  the  com- 
ponents are  equal,  and  inclined  to  each  other  at  an  angle  of  120°,  the  resultant  will 
be  equal  to  one  of  them ;  therefore,  the  same  weight  that  would  break  a  single  vert 
rope,  or  post,  would  break  two  ropes  each  of  the  same  strength  as  the  single  one.  or 
two  posts,  inclined  120°  to  each  other.  If  the  angle  oab,  or  y  a  6,  which  either  of 
the  forces  form  with  the  diag  a  b,  exceeds  90°,  see  Rems  6,  of  pp  321,  S27. 

Art*  S3.  The  principle  of  the  parallelogram  of  forces  is  of  constant  applica- 
tion in  constructions  of  every  kind ;  for  instance,  bridges,  centers,  roofs,  retaining- 
walls,  Ac.  Figs  13, 14, 1ft,  16,  show  a  few  of  the  most  simple  cases  of  force  (the  load 
w)  applied  to  produce  strain ;  by  reacting  against  opposing  forces  ya,oa,  presented 
by  the  walls.  In  all  these,  the  load  to,  applied  at  a,  is  a  single  force  of  gravity :  and 
consequently  acts  in  a  rert  direction  downward.  It  is  to  be  resolved  into  two  com- 
ponent forces  in  the  direction  a w,  an,  in  order  that  we  may  find  the  strains  which 
it  produces  (according  to  Jhe  ordinary  phraseology)  along  the  pieces  am,  an,  so  that 
we  may  proportion  their  dimensions  to  resist  those  strains;  which  strains  are  in 
fact  produced  by  the  reactions  of  the  three  forces,  of  tbe  load,  and  the  two  walls.  To 
do  this,  in  all  the  figs,  from  a  draw  a  vert  line  ab.  to  represent  the  direction  of  grav, 
or  of  the  force  in  the  load  to.  On  this  line,  lay  off  by  any  convenient  scale,  the  dist 
a  6  to  represent  the  amount  in  lbs,  tons,  Ac,  of  the  load  to.  Also,  from  a  draw  the  two 
lines  am,  an,  in  the  directions  of  the  roqd  component  forces.  Then  complete  the 
parallelogram  of  forces,  by  drawing  lines  bo,  by,  from  b,  respectively  parallel  to 
am,  an.  Then  will  a  o,  measd  by  the  same  scale  as  a  b,  give  the  amount  of  strain, 
whether  push  or  pull,  which  the  load  to  produces  along  the  piece  am;  and  in  like 
manner  will  ay  give  the  amount  which  it  produces  along  the  piece  a  n. 

It  must  be  especially  borne  in  mind,  that  we  here  speak  only  of  the  amounts  and  directions  of  the 
strains  produced  by  tbe  extraneous  load  to  alone :  without  reference  to  those  produced  by  the  weight 
of  the  pieces  themselves.  If  the  force  acting  at  a  is  not  vert,  but  oblique,  then  the  direction  of  a  & 
QBst  of  course  be  drawn  oblique ;  but  if  the  force  at  a  is  gravity  or  wt,  it  muet  be  vert. 


324 


FORCE  IN  RIGID  BODIES. 


Caution.    See  foot-note,  p  560. 

Fig  16%  shows  that  the  strains  e  f ,  «  s,  are  really  due  to  the  action  and  reaction 
•f  the  wt  and  the  walls  ;  although  we  often  speak  of  them  as  due  to  the  load  I  atone, 
which  is  represented  by  the  diag  e  i.  We  have  said  that  a  force  cannot  produce  strain 
unless  there  is  opposing  force  to  strain  against.  Now,  when  we  place  the  force  of  the 
load  I  at  the  point  e,  it  is  evident  that  it  is  upheld  by  the  walls  at  A  and  B;  or  in 
other  words,  that  it  reacts  against  these  walls;  and  the  walls  against  it  The  wall  A 
furnishes  the  force  indicated  by  the  arrow  A ;  and  which  may  be  considered  as  the 
resultant  of  the  hor  force  c;  and  of  the  vert  one  o.  So  also  the  force  B;  as  the  re- 
sultaut  of  m  and  n. 

Now  these  forces 
A  and  B  are  ap- 
plied at  the  point 
«,  just  as  well  as 
the  load  I  is;  for 
they  pass  up  as 
pushes,  along  the 
rafters ;  as  the 
force  of  I  passes  up 
as  a  pull,  along  the 
rope.  The  rafters 
and  rope  are  mere- 
ly the  mediums 
through  which  the 
three  forces  reach 
e;  and  the  forces  in  passing  through  them  from  end  to  end;  of  course  produce  in 
them  strains  respectively  proportionate  to  the  forces.  Now,  the  forces  1 t  and  *  «, 
which  are  usually  said  to  be  produced  by  the  load,  are  nothing  more  or  less  than  the 
two  forces  A  and  B,  produced  by  reaction  of  the  walls ;  and  which,  for  convenience 
of  drawing  the  parallelogram  of  forces  in  practice,  are  laid  off  each  way  from  e.  We 
liave  then  three  forces  («,*«,  and  e  t,  all  acting  at  e,  to  produce  strain  alone;  and 
this  they  must  do  by  straining  against  each  other. 

The  following  is  the  manner  in  which  they  do  so.  The  two  hor  components  m  and  a,  (which  will 
always  be  equal  to  each  other ;  do  matter  how  different  the  slopes  of  the  two  rafters  may  be,)  being  dia- 
metrically opposite  in  direction,  react  or  strain  against,  or  balance,  each  other ;  thereby  producing 
a  hor  strain,  equal  to  one  of  them,  throughout  every  part  of  eaoh  rafter.  The  two  vert  components  o 
and  n,  (however  unequal  they  may  be,)  will  together  be  equal  to  the  load  { ;  or  to  its  representative 
a  i ;  and  having  a  direction  exactly  opposed  to  it,  they  react  against,  or  balance  it ;  thereby  producing 
in  every  part  of  the  rafter  «  s,  a  vert  strain  equal  to  n;  and  iu  the  rafter  «  t,  oue  equal  to  o.  There- 
fore, sinoe  it,  is  hare  greater  than  o,  the  rafter  e  «  bears  more  of  the  load  J,  than  the  rafter  e  t  does; 
and  in  the  same  proportion. 

Thus,  we  see  that  every  part  of  eaoh  of  the  three  foroes  ei,  tt,  e  *,  produces  strain,  by  ^"irai'^g 
an  equal  part  of  one  of  the  others.  The  walls  really  oppose  to  the  load  no  force  greater  than  its  own ; 
namely,  o  and  n,  against  e  i.  With  the  hor  components  m  and  e,  the  walls  react  only  against  eaoh 
other. 

As  it  is  difficult,  however,  to  introduce  a  new  phraseology,  in  place  of  one  whloh,  although  erronev 
ons,  is  in  universal  use,  we  also  shall  speak  of  component  strains  like  et.es,  as  if  they  were  really  pre- 
duoed  by  the  resultant,  or  load,  •  i.  And  in  alluding  to  resultant  motion,  we  shall  probably  often  say 
they  are  the  effects  of  component,  instead  of  effects  of  their  remainder*,  after  the  components  have 
partially  destroyed  eaoh  other's  moving  forces  by  straining  against  each  other  to  produce  change- of 
direction. 

Rim  2.  The  truth  of  such  examples  as  Fig  14,  with  a  rope  or  string,  may  easily  be 
shown  by  means  of  two  spring  balances,  to  which  the  ends  m  and  n  of  the  string  may 
he  fastened.  Suspend  a  weight  to  from  the  string,  and  the  balances  will  show  the 
strains  along  a  to  and  a  n.    The  balances  must  be  held  in  inclined  positions. 

The  student  should  try  all  suoh  experiments.  This  one  will  show  that  In  proportion  as  the  two  parts 
a  tit,  a  n,  of  the  rope,  approach  nearer  to  one  straight  line,  the  greater  will  be  the  strain  produced 

upon  them  by  any  given  loa8.  or  foroe  w;  and  so  great  will 
this  be,  that  if  the  weight  w  he  only  one  pound,  two  of  the 
strongest  men  oannot  strain  the  rope  perfeoily  straight  be- 
tween them.  Or  if  they  stretch  the  rope  alone  to  as  nearly 
a  straight  line  as  possible,  and  if  then  a  weight  of  a  raw  lbs 
be  suspended  from  it.  this  small  weight  will  pull  the  men 
oloser  together.  Or  if  the  rope  be  stretched  nearlv  straight 
between  the  two  spikes  so  firmly  driven  as  to  require  a  great 
force  to  draw  them,  it  will  be  found  that  a  much  smaller 
force  applied  as  at  m>,  will  draw  them  readily.  In  other 
words,  n  rope  so  situated,  and  with  foroe,  or  power  «e,  applied 
to  it  In  thi.4  manner,  between  it*  enda,  and  oblique  te  cte  di- 
rection, beoomes  a  macMne;  for  by  it  power  meg,  (to  use  the 
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wtttaary  inoorrect  expression,)  be  gained.  It  is  called  the  fan  1  enter  machine  |  or  i 
tlines  simply  the  COFtl.  Fig  \6H  shows  the  principle  on  which  this  machine  is  frequently  employed 
for  overcoming  a  great  resistance,  r,  through  a  short  distance,  by  a  small  power  p.  One  end  c,  of  a 
tope  c  d  r,  is  firmly  fixed.  The  rope  passes  over  a  pulley  d ;  and  its  other  end  U  tied  to  the  resist- 
ance, or  load  r.  By  applying  a  small  downward  force  p.  at  the  center  of  the  rope,  drawing  it  down 
to  «,  the  load  r  is  thereby  raised  a  short  dist ;  for  the  same  great  strain  which  the  small  force  p  pro- 
duces from  ito  d,  extends  also  down  the  rope,  from  d  to  r;  except  a  slight  loss  produced  by  the 
Motion  of  the  pulley.  Thus,  the  strain  along  the  back- stays  of  a  suspension  bridge,  is  equal  to  that 
on  the  main  chains  just  inside  of  the  sunpension  piers;  supposing  the  cables  to  rest  upon  rollers.  Jn 
the  theoretical  consideration,  of  ropes  and  chains,  they  are  in  most  oases  assumed  not  to  stretch ;  to 
fee  perfectly  flexible ;  without  weight ;  and  infinitely  thin. 

In  each  a  machine  the  two  parts  «  c,  *  d,  Fig  16J$,  are  to  be  considered  as  two  entirely  distinct  tin  , 
in  the  same  manner  as  a  m  and  a  n.  Figs  IS  and  16,  are  two  distinct  struts  Each  of  these  ties  may 
have  to  sustain  a  different  amount  of  strain,  depending  on  their  respective  inclinations  to  s  p.  Tliu* 
if  the  load  p,  Fig  lfiX,  be  suspended  from  a  perfectly  friction  less  pulley  or  slip  knot  resting  on  the 
perfectly  flexible  cord  eedr,  and  if  this  pulley  or  knot  be  at  first  placed  near  c  or  d,  it,  with  its  load  p 
will  descend  by  gravity  along  the  cord  until  it  comes  to  reft  at  s.  which  i*  the  lowest  point  that  th« 
cord  admits  of  its  attaining  and  at  whioh  aloue  the  angle*  of  Inellnatlen  of  •  e  and  •  d  to  • 
nheeonme  eemalt  and  the  strains  on  the  two  parts  will  tueu  tie  equal.  But  ir  us  iu  Pig  14  tlte 
short  string  whioh  sustains  W  U  tied  fast  to  the  cord  (so  as  not  to  move  as  the  pulley  did)  at  any 
point  a,  snoh  that  the  angles  of  inc. (nation  of  a  m  and  a  n  to  the  diagonal  a  b  shall  be  different,  then 
the  strains  or  pulls  along  a  m  and  a  »  wilt  n)«\  he  different. 

It  la  Immaterial  whether  m  and  n,  Fl*  14,  or  e  and  d.  lis  1«H.  are  at  the  same 
height  or  not. 

For  snore  on  the  fnnlenlar  maehlne  see  p  844. 

Let  the  end  g  of  the  rope  g  con  be  fixed ;  a  power  of  9  tons  at  * ;  the  rope  passing  over  a  puller 
at  P ;  and  bent  out  of  line  at  e  by  a  fixed  pin.  Make  c  g  and  c  o  by  scale  each  equal  to  the  power  9 
at  n;  and  complete  the  parallelogram ;  the  diagonal  ex  of  which  is  then  found  to  be.  say  6 ;  or  a  result* 
ant  of  6  tons.  Now,  in  this  case,  theoretically  the  strain  lengthwise  of  the  rope  is  everywhere  equal  te 
the  power  n,  or  9  tons ;  and  we  have  found  that  it  produces  also  a  strain  c  x,  against  the  pin  at  e,  eX  6 
It  also  produces  a  pushing  strain  on 


the  pulley  P.  Its  amount  may  be  found  in  the 
same  way,  by  measuring  9  tons  by  scale  each 
way  from  o  toward  e  and  n ;  completing  the 
parallelogram;  and  measuring  its  diagonal 
resultant.  But  now  let  us  use  this  rope  as  a 
funicular  machine ;  and  apply  a  power  x  c  of 
•  tone  at  c  We  find  that  this  6  tons  produces 
a  strain  eg  or  e  o,  of  9  tons  along  the  rope ; 
and  this  strain  along  co  will  pass  along  to  n ; 
and  thus  the  power  of  6  balances  a  resistance 
of  9  tons  noting  at  n  in  the  direction  n  o. 

The  diagonal  e  x  or  nny  other  will  plainly  he  vertical  only  when  the  angles  of 
inclination  of  c  a  and  c  o,  with  tha  horizon  are  equal.  If  they  differ,  both  the  di- 
rection and  the  length  of  the  diagonal  will  change. 

All  will  remain  the  same  if  the  end  g  instead  of  being  fixed,  is  passed  over  a 
pulley  as  at  P,  and  a  load  or  a  pull  equal  to  that  at  the  other  end  is  applied  to  it. 

Rem.  S.  The  surfaces  of  contact  of  pieces  used  in  construction,  are  called 
Joints*  When  a  piece  is  intended  to  resist  compression,  or  push,  it  is  called  a 
strut;  or  if  inclined,  it  is  often  called  a  brace;  or  if  vertical,  a  post,  pillar, 
oreolamn.  When  to  resist  tension  or  pull,  a  tie.  When,  to  resist  both  tension 
and  pull  alternately,  a  tie-strnt,  or  a  stmt- tie.  A  strut  should  be  stiff  or 
inflexible ;  but  a  rope,  chain,  or  thin  rod,  may  answer  for  a  tie. 

Rim  4.  To  dlstinfpnlsh  a  tie  from  a  strnt  at  a  glance  is  sometimes 
difficult;  but  it  may  be  done  tlius.  From  the  point  a,  Figs  16%,  at  which  the  force 
acts,  draw  a  line  a  c,  in  the  direction  in  which  the  force,  if  at  liberty,  Mould  move 
away  from  that  point.  On  nny  part, 
a  o,  of  that  line  as  adiag,  draw  a  paral- 
lelogram of  forces.  Through  the  poin  t 
a  draw  a  line  1 1,  parallel  to  the  other 
diag  tt.  Then  all  the  pieces  which 
are  on  the  same  side  of  that  line,  that 
a  c  is,  are  struts ;  while  those  on  the 
opposite  side,  are  ties.  We  may  also 
frequently  determine,  by  imagining 
the  piece  to  be  a  rope  or  chain,  in- 
stead of  a  beam ;  and  seeing  whether  it  would  then  bear  the  Btrain.  If  it  would  it  is 
a  tie ;  if  not,  a  strut. 

When  a  piece  or  material  i*  used  to  resist  forces  which  tend  to  bend  or  break  it  crosswise,  or  trans* 
versely  of  its  length,  as  in  Pigs  47,  48,  49,  50,  it  is  called  a  beam;  such  as  joists,  girders,  Ac.  The 
same  piece,  however,  frequently  acts  at  once,  as  a  beam,  and  as  a  tie,  to.  Its  own  weight  strains  a 
beam  transversely ;  but  in  our  present  illustrations  of  comp  and  res  or  forces,  this  strain,  although 
frequently  the  most  important  one,  could  not  be  well  considered  at  the  same  time. 
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four   flg»unp32S,  may  bo  time  resolved.    In  prmili™.  LtY.  li-qncntly  neceaaary  loilo 
this;  mid  especially  eo  for  finding  components  at  right  angle*  to  wk  other,  in  hor 


Ren.  1.     Il  ll  an  Important  fact  that  howeTor  din"  may  bo  either  the  Inclinations, 
thali  i-i-|.'  I'.in:  Leogtha;  tba  *er  j  r.iins,  caused  both  by  the  oitraneona  Iwd  nod 

and  y,  to  oi,  those  iu  any-  one  fig  will  be  equal  to  each  other. 

RlM.  2.    It  l>  plain  that  each  beam  ma;  be  considered  u  receiving  Iran  the  load 
F,  either  one  force  or  its  two  component** 

The  Tert  component  t>j,  or  the  triangle  0  tX  being  lonter  tarn  of.  of  the  truuafle  eta.  ■hove  that 

'  I  j         -r  d 

h'. nl  in  pi-.^l. 1,-^1  ii|mjii  Oie.tu  hjitw  >&L  Til:  LhrHr  B:Lmyr.l:i ;  unt  'i.  iinli^u  T.M  inn.t  Inrrrvatn  mm 


W_J       P  either  case  it  la  eimplj  yort  forco  Imparted  at  o. 
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Bem.  5.  When  one  of  the  forces,  as 
n  o,  makes  nn  angle  noy,  greater  than 
90°,  with  the  diag  o  y,  the  positions  of 
the  beams  on^ogy  become  as  in  Fig  18^ 
and  we  have  a  case  like  Fig  9% ;  that  is, 
the  hor  lines  nbtgat  from  the  angles  n 
and  ff,  and  at  right  angles  to  the  diag, 
cannot  be  drawn  inside  of  the  parallelo- 
gram. Therefore  we  must  extend  the 
diag  both  ways,  to  a  and  6.  If  wo  wish 
to  consider  each  of  the  forces  on  and  og 
as  made  up  of  two  components;  then 
for  those  of  o  n,  we  have  b  n,  and  o  b ; 
and  for  those  on  og,  we  have  ag  and 
o  a.  Hence  when  the  angle  no  a  ex- 
ceeds 90,  the  vert  strain  on  o   g  Is  greater  than  the  load   t«\ 

which  (according  to  the  ordinary  phraseology)  produces  it.  But  the  part  a  y  of  the  vert  o  a,  has 
no  reference  to  the  load;  but  represent*  an  upward  vert  force  produced  by  the  wall  M,  to  bnlauce  a 
downward  vert  one  equal  to  b  o  from  the  wall  P.  This  excess  ay  over  the  diag,  occurs  only  when 
one  of  the  beams  forms  an  angle  greater  than  90°  witb  the  diag.  We  call  the  attention  of  the  student 
to  this  case,  because  we  do  not  remember  to  hare  met  with  it  in  any  book.  It  will  perhaps  be  a  new 
Idea  to  many,  that  the  rert  pres  on  the  wall  If,  oan  be  greater  than  the  entire  load. 

Art.  35.  As  a  simple  practical  example  of  very  common  occurrence,  of  the  ap- 
plication of  the  foregoing  principle  of  finding  the  resultant  of  two  forces  in  the  same 
plane,  and  tending  to  one  point ;  lot  S,  Fig  10,  represent  a  block  of  stone  weighing 
3  tons ;  and  standing  on  a  hor  base  m  n ;  but  not  attached  to  it  in  any  way  by  ce- 
ment, Ac,  but  with  a  stop  at  n,  merely  to  prevent  sliding  toward  b. 

In  this  ease  there  will  be  no  force  acting  upon  the  body  in  suoh 
a  way  as  to  prevent  its  being  overturned  around  its  toe  n  as  a 
turning  point,  except  its  wt,  or  foroe  of  gravity,  which  always 
'  acts  vert  downward.  By  Arts  56,  57,  all  this  force  may  be  con- 
sidered to  be  concentrated  at  the  ecu  of  grav  i  of  the  stone ;  and 
as  acting  at  auy  point  whatever  in  its  vert  line  of  direction  Ig. 

Now  suppose  a  pres  fh,  of  2  tons,  (which  may  be  either  one 
simple  force,  or  the  resultant  of  many  forces,)  to  be  imparted  to 
the  stone,  in  the  same  plane  with  the  force  of  gravity;  which  It 
will  evidently  be  only  if  its  direction  fc  meets  the  direction  of 
gravity  Ig,  at  some  point;  as,  for  instance,  at  a;  because  then  a 
plane  surface  would  coincide  with  both  directions.  The 

question  is,  which  of  these  two  forces  will  prevail ;  the  two  tons 
of  /*,  to  overturn  the  stone ;  or  the  8  tons  of  gravity  to  prevent 
its  being  overturned  ?  By  Art  39,  b->th  forces  may  be  considered 
to  be  Imparted  to  the  rigid  stone,  at  the  point  a,  where  their  lines 
of  direction  meet;  and  we  may  make  a  e  equal  to  2  inches,  ft,  Ac, 
to  represent  the  amount  and  the  direction  of  the  2  tons  of  pres  of  the 
force/ A:  and  a  «,  by  the  same  scale,  for  the  direction,  and  3  tons 
of  pres  of  the  weight  of  the  stone.  Prom  c  draw  a  line  c  d  paral- 
lel to  av;  and  from  rdraw  vd  parallel  toac;  these  will  meet  at  _ 
d;  thus  completing  the  parallelogram  of  forces  acdv.    The  diag 

ad  of  this  parallelogram,  measd  by  the  same  scale,  will  give  about  2ty  tons  for  the  single  resultant 
force,  which  would  by  itself  produce  upon  the  rigid  stone  the  same  effect  as  gravity  and  /A  com- 
bined. This  foroe  may  be  considered  as  imparted  to  the  stone  at  any  point  in  the  line  of 
its  direction  (to  o)  through  the  stone  ;  as  a  push  at  w,  as  shown  by  the  arrow  xw;  or  as  a  pull  at  o, 
by  means  of  a  rope  b  o,  fastened  to  the  stone  at  o.  Since  this  resultant  is  supposed  to  take  the  place 
both  of  gravity  and  of  fh,  the  two  last  must  of  course  be  considered  as  annihilated ;  so  that  the  stone 
becomes  as  it  were  an  unresisting  body  of  matter  without  weight;  and  acted  upon  by  the  force  ad, 
or  *  w,  which  most  of  oourse  move  it,  and  thus  compel  it  to  overturn  around  n  as  a  pivot. 

Rem.  1.  Had  the  direction  of  the  resultant  a  d  struck  the  base  of  the  stone  at  n, 
instead  of  striking  outside  of  the  base  as  at  o,  the  stone  would  barely  have  stood ; 
because  then  the  resultant,  on  leaving  the  body  at  n,  would  have  encountered  tho 
resisting  force  of  the  ground  on  which  the  stone  stood,  acting  upon  the  body  at  that 
point.  Had  the  direction  struck  within  n,  that  is,  between  n  and  m,  the  stone  would 
stand  still  more  firmly ;  and  the  more  firmly  in  proportion  as 

it  strikes  nearer  g,  where  the  direction  Ig  of  the  gravity  of  the  stone  meets  the  base. 
The  direction  of  a  resultant  may  strike  within  the  base ;  and  the  body  remain  firm, 
so  far  as  regards  overturning ;  but  yet  may  slide.    See  Art  63 ;  very  important. 

This  example  shows  also  the  necessity  for  assuming  at  times  that  bodies  are  rigid,  or  unbreakable. 
Por  in  the  case  of  stones  of  but  little  strength,  the  application  of  the  great  force  of  the  resultant  so 
near  to  n,  would  break  the  body  at  that  point;  and  might,  besides,  mash  n  into  the  yielding  earth  en 
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forres  are  Imparted  at  dlff  pvU  of  the  body,  proceed  as  In  Figs  lfljsj  and  )0U.    If 
the  resultant  of  two  of  them;  then  tliVresiil'.nV  "f  lb  J  l"t '  ri^rani"*!!™  3d  fcrw; 

Flic  19'A  HIi.NlrnHn  it  case  In 
which  Ihrrr  fnrcFH  «.  6.  amd  e,  In 
the  nii me  plnnr.  no  NOT  lend  ««- 
wiaril*  the  Biime  iinlist.      H>  mej  b«- 

Kin  Willi  any  two  of  the  forcoa  at  pleasure.  We 
will  lake  6  and  e;  and.  u  al  Fig-  10U, 

two  sldea  nf  the  parallelogram  equal  respec- 
tively to  a  anil  to  At,  and  complete  Uie  paral- 
lelogram no.  Then  the  diagonal  o  n  la  the  re- 
quired  militant,  to  be  applied  to  the  body 

then  by  Itself  produce  upon  the  rigid  body 
Inverted,  so  at  to  jmli,  Instead  of  push  at  a.  It 
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Art.  87.  It  sometimes  happens,  after  haying 
found  the  resultant  of  all  the  forces  oxcept  the  last 
one,  that  said  resultant  and  remaining  force  are  in 
the  same  straight  line.  Thus,  with  the  forces  u,  v,  to, 
Fig  20 ;  the  resultant  r  of  u  and  w,  is  in  the  same 
straight  line  with  the  last  remaining  force  v;  and  of 
course  no  parallelogram  of  forces  can  be  drawn  which 
shall  hare  «  and  r  for  two  of  its  sides.  When  this 
happens,  if  «  and  r  are  of  diff  lengths,  we  have  the 
case  given  in  Art  16,  of  two  unequal  forces  meeting 
in  the  same  straight  line ;  hut  in  opposite  directions 
along  it.  Consequently,  the  small  one,  and  an  equal  part  of  the  large  one,  mutually 
destroy  each  other;  and  the  remainder  of  the  large  one  is  tho  resultant  of  the  two. 

Bat  if  v  and  r  are  of  the  tame  length,  then  we  have  the  caae  of  two  equal  opposing  forces,  which 
mutually  destroy  each  other  entirely ;  and  the  body  remains  at  rest.  Consequently,  there  in  no  result- 
ant in  this  case;  for  no  single  foroeean  have  the  effect  of  keeping  a  body  at  rest;  but  will  always 
>  H.    in  other  words  «,  v,  and  «?,  are  then  in  equilibrium. 

Art  38.    The  polygon  of  force*.    The  resultant  of  any  number  of 


Ktf20 


louud  by  means  of  the  polygon  of  forces, 


forces  in  the  same  plane;  may  bo 
thus:  Let  a,  />,  and  c,  be  three 
snch  forces ;  whose  resultant  B  is  to 
be  found.  Begin  with  any  one  of 
them,  as  a,  and  draw  a',  parallel,  and 
equal  to  it ;  and  place  an  arrow-head 
at  the  proper  end  of  it,  to  show  its 
direction.  From  this  arrow-head, 
draw  o',  equal  and  parallel  to  f#; 
placing  an  arrow-head  at  its  end. 
From  this  second  arrow-head,  draw 
e*,  equal  and  parallel  to  c;  and  so  on 
with  any  number  of  forces ;  taken  in  any  order.  Finally,  from  the  arrow-head  d  of 
lie  last  of  the  forces,  draw  a  line  A  to  the  butt-end,  n,  of  the  first  one;  thus  closing 
the  figure ;  and  place  an  arrow-head  as  on  the  others.  Now,  this  closing  line  A,  or 
d  n,  with  its  arrow,  represents  both  in  quantity  and  direction  the  antiresultant  of 
the  three  given  forces;  or  if  its  arrow  be  reversed,  it  will  represent  their  resultant. 
Consequently,  we  have  only  to  draw  from  o  a  line,  o  B,  parallel  to  A ;  and  to  make 
B  equal  to  A;  but  pointing  in  the  opposite  direction.  Then  is  B  the  resultant. 
Tilts  process  will  give  different,  figures,  according  to  which  force 
we  begin  with ;  or  whether  we  take  the  forces  in  right,  or  left-hand  order;  still,  A 
will  always  come  out  the  same  in  all  of  them.  If  the  three  given  forces  (or  any 
greater  number,  as  the  case  may  be)  had  been  in  equilibrium  with  each  other,  that 
is  had  mutually  destroyed  each  other's  tendency  to  cause  motion,  they  of  course 
could  have  no  resultant,  or  single  force  that  would  produce  an  equal  effect ;  because 
a  single  force,  if  the  only  one  acting  on  a  body,  must  prodnce  motion.  When  this 
is  the  case  the  forces  will  of  themselves  form  a  closed  polygon.  In  either  case  some 
•f  the  lines  may  cross  each  other  as  do  a'  and  c'  at  A,  or  not,  as  at  N  below.  If  the 
forces  do  not  all  act  through  the  same  point,  see  Art  40,  p  332. 

When  any  number  of  forces  are  in  equilibrium, 
any  one  of  them  is  the  anti-resultant  of  all  the 
rest,  because  it  keeps  them  all  in  equilibrium; 
Also,  any  number  of  the  forces  balance  all  the 
rest. 

If  any  number  of  forces,  as  a'b'&d*  Fig  22, 
(whether  they  act  through  one  point,  as  s,  or 
not)  are  in  equilibrium;  nud  if  we  know  the 
directioru  of  all  of  them,  and  the  amount*  of  all 
but  two;  then  the  ]H)lygon  N  will  give  us  the 
amount*  of  those  two.  Suppose  we  know  the 
amounts  of  a'  and  br  and  require  those  of  cf  and 
d'.  First  draw  by  scale  the  known  ones  a  and 
b  (nee  polygon  N)  parallel  to  their  actual  direc- 
tions, and  then  complete  the  polygon  with  lines  c  and  d,  respectively  parallel  to  e' 
•nd  a'.  Then  the  lengUis  of  c  and  d  will  give  the  amounts  of  c'  and  d'  respectively. 

Any  diagonal  across  a  polygon  of  forces,  represents  the  resultant 
of  all  the  forces  on  either  side  of  it. 

If  the  forces  are  not  all  in  one  plane,  the  polygon  is  not  in  one 
plane,  and  cannot  be  drawn  on  a  flat  surface,  but  is  twisted,  or  "gauche,"  aa  is 
»  e  t  y,  Fig  38,  p  333. 

24 
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Emu.  1.  It  mnst  not  1m  Inferred  because  forces  balance  each  other,  that  therefore  they  balaaoe  the 
body  to  wbtoh  they  are  imparted ;  for  the  body  might  move  nnder  the  influence  of  other  forces.  Thai, 
the  forces  a',  6',  c',  oV,  may  be  eopposed  to  be  the  balancing  forces  of  several  persons  holding  a  body 
at  rest  in  a  railroad  oar  moving  with  great  speed.  Their  forces  prevent  each  other  from  giving  motion 
to  the  body ;  bat  do  not  prevent  the  steam  force  of  the  engine  from  doing  so.  It  is  only  when  oM  the 
forces'  imparted  to  a  body,  including  its  own  weight,  are  in  equilibrium,  that  the  body  itself  la  also  as 
rest.  Or,  if  we  hold  a  book,  ruler,  &o,  vert  between  our  thumb  and  forefinger ;  the  opposite  and 
equal  pressures  of  the  thumb  and  finger,  hold  each  other*  in  equilibrium,  so  that  they  cannot  move 
the  book  either  to  the  right  or  left;  and  the  friction  between  them  and  the  book,  holds  the  gravity  or 
weight  of  the  book  in  equilibrium,  so  that  it  doe*  not  fall.  8o  that  so  far  as  these  forces  are  concerned, 
they  produce  no  motion  in  the  book ;  bnt  we  oan  move  It  vertically  up  and  down,  by  introducing 
the  third  force  of  our  wrist ;  or  hor  by  stretching  out  our  arm ;  or  by  walking ;  none  of  which  will 
interfere  with  the  equilibrium  of  the  other  forces;  they  only  prevent  each  other  from  producing  any 
motion. 

Rem.  2.  A  triangle  being  a  polygon  of  3  sides,  if  any  3  forces  which  form  a  triangle, 
be  applied  in  one  plane,  to  a  body,  and  in  directions  parallel  to  the  sides  of  the  tri- 
angle ;  and  tending  either  to  or  from  one  point ;  they  will  hold  each  other  in  equili- 
brium. And,  vice  versa,  when  we  see  a  body  kept  at  rest  solely  by  the  action  of  3 
forces  which  are  not  parallel  to  each  other,  we  may  be  sore  that  those  forces  are  pro- 
portional to  the  sides  of  a  triangle  drawn  parallel  to  them ;  that  they  are  in  one 
plane;  that  they  all  tend  either  to  or  from  one  point;  and  that  any  one  of  them 
acts  in  the  direction  of  an  antiresultant  to  the  other  two.  Moreover,  each  of  the 
forces  is  proportionate  to  the  sine  of  the  angle  included  between  the  other  two;  so 
that  if  we  know  one  of  the  forces,  we  can  readily  find  the  others  if  we  have  the 
angles.  This  is  very  often  of  nse  in  practice ;  as  in  finding  by  calculation  alone,  the 
line  of  pressures  through  an  arch ;  the  pros  of  earth  against  retaining-walls,  Ac.  It 
must  be  remembered  that  the  wt  of  a  body  usually  constitutes  one  of  the  forces  to 
be  considered  as  acting  upon  it    This  rem  Is  very  important. 

Ex.1.  Letae,Fig22Ht  be  a  beam;  its  foot  rest- 
ing on  o  <;  and  its  head  c  merely  Uaning  agtdnet  a 
smooth  vert  wall ;  and  whether  a  e  be  unloaded ;  of 
whether  it  supports  a  load  placed  in  any  manner 
upon  it,  or  suspended  from  it;  let  the  vert  Una 
whioh  passes  through  the  oen  of  grav  of  the  beam 
and  its  load  (both  of  which  are  supposed  to  be 
known)  be  represented  bjpg.  The  beam  and  lis 
load  may  be  regarded  as  a  single  body,  acted  upon, 
and  kept  at  rest,  by  three  forces ;  namely,  its  own 
gravity  or  wt ;  the  force  h,  at  e ;  and  the  force  /,  at 
a.  No  other  forces  act  on  It.  Now,  gravity  acts  vert 
only ;  and  in  the  ease  before  us  it  may  all  be  rev 
garded  as  acting  in  the  line  p  g.  The  force  at  e  can 
not  only  at  right  angles  to  the  surf  or  joint  at  that 

Stlaee,  and  since  the  joint  is  vert,  the 

brce  h  must  be  hor,  or  along  hp.  The  question 
now  is,  how  to  find  the  direction  of  the  third  force/. 
To  do  this  we  must  avail  ourselves  of  the  principle 
that  when  three  forces,  not  parallel  to  each  other, 
hold  a  body  at  rest,  or  in  equilibrium,  as  these 
three  forces  hold  the  beam  a  e,  their  directions  all  tend  to  or  from  one  point;  which  Is  either  at  the 
een  of  grav  of  the  body ;  or  in  a  vert  line  passing  through  said  cen.  Hence,  since  the  vert  direction: 
p  g  of  the  force  of  gravity  or  the  body ;  and  the  direction  h  p  of  tbe  fbroe  *,  meet  at  ss  therefore,  tba 
direction  fp,  of  the  force  /,  must  also  meet  there.  Hence  we  have  only  to  draw  a  line  />,  in  order 
toAnd  the  reqd  direction.  A  post  intended  to  support  the  end  a  of  tbe  beam,  should  have  the  position 
fa;  and  the  joint  o  i  should  be  at  ritght  angles  to  fa  ;  and  not  to  a  e,  as  might  at  first  be  supposes 
from  Figs  IS  and  16,  in  whioh  the  wt  of  the  beams  is  not  considered,  and  In  whioh  the  extra- 

neons  weight  w  is  applied  only  at  thejotnt,  a. 


Rg;22i 


Having  found  the  directions  of  the  three  forces  in  Fig  MJf,  It  only  remains  to  find  their  i 
To  do  this,  we  already  have  one  of  them  given,  namelv,  gravity,  or  the  wt  of  the  beam  and  it*  lend; 
and  we  know  that  they  must  be  in  proportion  to  tbe  sides  or  the  triangle  drawn  parallel  to  their  di- 
rections. Consequently,  if  on  the  vent  direction  p  g,  we  lay  off  by  scale  any  portion  whatever,  as  p  d, 
to  represent  the  force  of  gravity,  then  will  the  hor  side  of  the  triangle,  pdb,  represent  by  the  same 
scale  the  hor  pres  at  c ;  and  the  side  b  p,  the  oblique  pres  at  a.  The  hor  pres  at  the  foot  la  eqnal  to 
that  at  tbe  head  of  the  beam.  It  is  of  course  included  in  the  obliqne  pres  /;  which  la  compounded 
of  said  hor  force,  and  of  the  vert  force  at  a.  The  vert  force  is  equal  to  the  weight  of  the  beam  and 
its  load;  none  of  which  is  sustained  at  c;  nor  oan  be,  so  long  as  the  joint  at  the  head  and  wan  la 
▼wt.   See  Kg  5J,  p  652. 

Ex.  2  is  a  similar  application  of  the  same  principle.  Suppose  tbe  several  stones 
composing  the  half-arch  Inji  Fig  22%  and  the  spandrel  lib  to  be  ao  firmly 
bonded  with  each  other  that  the  half-arch  and  spandrel  together  form  one  rigid 
body  Injib;  and  let  this  body  be  supported  only  at  the  crown  In  and  at  the 
skew-back  i  i.  The  weight  of  this  body  (with  its  load,  if  any)  is  supposed  to  be 
known,  and  its  center  of  gravity  to  be  somewhere  in  the  vertical  line  gg.  Now 
this  half  bridge  is,  like  the  preceding  beam,  kept  in  equilibrium,  or  at  rest,  by 
three  forces  only ;  namely,  the  wt :  a  hor  pres  A,  at  the  crown,  arising  from  the 
other  half  of  the  arch ;  and  an  oblique  pres  o,  at  the  springing,  or  skew-back  ji. 
To  find  the  directions  and  amounts  of  these  forces,  from  a  draw  a  hor  line,  meet- 
ing  the  vert  gg  at  c.  From  c  draw  a  line  to  the  center  of  j  i ;  this  is  the  direction 
of  the  oblique  force  o.    From  c  measure  down  by  scale  any  dist  cs,  on  the  vert 
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direction  gg,  to  represent  the  weight ;  and  from  *,  draw  *  t  hor.  Then  *  *,  measd 
oy  the  same  scale,  will  be  the  hor  pres  h ;  and  ctt  the  oblique  one  o.  The  joint 
j  i, ,  at  the  spring  of  the  arch,  bears  all  of  cs;  that  is,  all  the  wt  of  the  half-arch, 
and  half  load.  No  vert  pres  or  wt  is  sustained  at  the  center  In  of  the  arch; 
nothing  but  the  hor  pres.  But  j  i  also  sustains  this  hor  pres,  for  c  t  is  composed 
of  c* and*/.  * 

The  oblique  force  ct  constitutes  the  total  thrust  exerted  by  the  entire  arch 
against  each  of  its  two  abuts;  and  the  line  ct  shows  the  direction  in  which  this 
thrust  enters  the  abut  at  the  skewback  j  i.   After  entering  at  that  point,  it  begins 
to  curve  downward,  on  the  principle  explained  in  Art  72.    Since  ct  is  the 
hypothenuse  of  a  right-angled  triangle,  of  which 

the  leg  cs  represents  the  half  wt;  and  st  the  cf: 

hor  pres  of  the  arch,  it  follows  that  the  total  **• 

thrust  ct  of  an  arch  may  be  found  thus:  add  ■*  ! 

together  the  square  of  half  Us  wt;  and  the  square  ~U        \ «^ 1 ,h 

of  the  horprts ;  and  take  the  sq  rt  of  the  sum.   This 
applies  also  to  arches  of  iron  or  wood. 

We  do  not  here  consider  the  strains  produced 
along,  the  length  of  the  arch,  but  merely  the  two 
forces,  «/and  /c,  which,  acting  at  the  crown  In 
and  at  the  foot  ji,  keep  each  other  and  the 

weight  cs  in  equilibrium.    An  actual  arch,  es-  t         •    \  »  j. 

pecially  when  the  rise  is  great  as  compared  with  '#  rrtT v 

the  span,  cannot  safely  be  considered  as  a  rigid  8       'v 

body  |  and  under  some  circumstances  the  wall  of  \n 

the  pier  or  abutment,  back  of  b  t,  receives  a  por-  x 

tion  of  the  thrust,  as  well  as  the  skewback  ji.  Hence  the  foregoing  simple 
process  cannot  always  be  rigidly  applied  to  actual  arches.  In  practice  the 
resultant  of  the  pressures  does  not  always  pass  through  the  center  of  In  or  ji. 

Art.39.  Composition  and  resolution  of  forces  by  means 
of  rectangular  co-ordinates.  In  Fig.  23,  let  the  three  forces  E,  F,  and 
G  act  (in  one  plane)  through  the  point  x.  Draw  two  lines,  H  H,  and  V  V,  Fig. 
£i  A,  crossing  each  other  at  right  angles,  as  at  o.    These  lines  are  called  rectan- 


"V,?;  **■  °™i  r««*«ve  eacn  oi  inese  lorces,  *  lg.  T6  A,  into  two  components,  parallel 
to  H  H  and  V  V  respectively.  Thus,  E  o  is  resolved  into  t o  and  no.Fo  into  u o 
and  eo,  Go  into  io  and  m o.    Then,  beginning  with  the  component*  parallel  to 

r 


Fig.23 


Fig.23A 


either  one  of  the  two  co-ordinates  (as  H  H),  add  together  those  (/  o  and  /  o)  that 
tend  to  move  the  point  o  toward  the  left  hand;  and  also,  separately,  those  (in 
this  case,  only  one,  w  o)  that  tend  to  move  it  toward  the  right.  Subtract  the 
less  sum  from  the  greater,  and  lay  off  the  difference  loon  that  side  (in  this 
case  the  right)  on  which  the  components  give  the  greater  sum.  Now  proceed 
in  the  same  way  with  the  components  parallel  to  the  other  co-ordinate  (V  V), 
adding  together  those  (e  o,  n  o)  that  tend  to  move  o  upward,  and  also  those  (m  o) 
that  tend  to  move  it  downward.  Subtract,  as  before,  the  less  sum  from  the 
greater,  and  lay  off  their  difference  (a  o)  on  that  side  of  o  (in  this  case,  the  lower) 
which  gives  the  greater  sum.  We  have  now  substituted  for  the  three  original 
forces,  E,  F.  and  6,  the  two  resultants,  s  o  and  a  o.  Complete  the  parallelogram 
os  c  a,  and  draw  its  diagonal  R,  which  is  the  resultant  of  a  o  and  s  o,  and  thus 
the  final  resultant  of  all  the  original  forces.  From  s,  Fig.  23,  draw  *  y  parallel 
to  c  o,  and  make  b  y  equal  to  c  o  by  scale.  Then  y  b  or  R  is  the  required  resultant 
of  the  three  forces,  E,  F  and  G,  and  b  is  its  point  of  application.    See  Art.  40 
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Art.  40.  Forces  in  one  plane  and  acting?  through  different 
ltoints.  In  Fig.  24  we  have  the  same  three  forces,  E,  F,  G  (in  one  plane)  as 
in  Fig.  23;  but  so  disposed  that  they  do  not  all  aet  through  one  and  the  same 
point.  Yet  their  arrangement  in  the  figure  (Fig.  21 A  *)  of  rectangular  co- 
ordinates (Art.  89)  or  in  the  polygon  or  forces  (Art.  38,  Fig.  24  B)  is 
evidently  the  same  as  when  they  all  acted  through  one  point  x.  Fig.  23 ;  and  the 
resultant  R  (Figs.  24  A,  24  B),  so  obtained,  correctly  represents  the  true  resultant, 
R,  Fig.  24,  in  amount  and  direction. 

For  any  two  of  them,  unless  they  are  parallel,  must  of  course  act  through  one 
point.  Thus,  F  and  G  act  through  the  point  p,  Fig.  24;  and  their  resultant  is 
given  by  r,  Fig.  24  A  or  24  B.    And  now,  using  oniy  r  and  E  (aud  omitting  F 


Fig.  24B 


Fig.24 


Fig.24A 


and  G),  Fig.  24  A  or  24  B  will  give  the  amount  and  direction  of  the  final  resultant 
R  of  the  three  forces.    But  as  to  the  point  of  application  of  R,  we  learn  from  Fi 


24  A  or  24  B  only  that  R  acts  through  a  point  v,  Fig.  24,  where  r  and  E  meet, 
find  where  v  i*,  we  must  have  recourse  to  Fig.  24  itself. 

Thus  the  polygon  of  forces  and  the  method  of  rectangular  co-ordinates  do  not 
give  us  the  point  of  application  of  the  resultant  of  forces  acting  through  different 

foints.    Where  this  is  required,  it  is  better  to  find  the  resultant  as  indicated  in 
ig.  24,  and  explained  in  Art.  36,  Fig  19*,  p.  328. 

Forces  in  equilibrium  in  one  plane,  as  E,  F,  G  and  the  anii-resultant  R,f  Fig. 
24.  evidently  form  a  closed  polygon,  Fig.  24  B,  whether  they  all  act  through  one 
point  or  not.  And  conversely,  if  any  number  of  lines,  E,  F,  G,  R,  Fig.  24  B,  form- 
ing a  closed  polygon,  represent. forces  in  one  plane,  we  know  that  if  those  forces 
all  act  through  one  point  (r,  Fig.  23  f),  they  are  in  equilibrium ;  and  that  if  they 
do  not  all  act  through  one  point  they  are  either  in  equilibrium,  and  hence  have 
no  resultant,  as  in  Fig.  24,f  or  else  they  have  two  equal  and  parallel  resultants 
acting  in  opposite  directions  and  thus  forming  a  "couple,"  Art.  56  a.  p.  347  d, 
and  merely  causing  the  body  to  rotate  about  its  center  of  gravity.  This  would 
be  the  case  in  Fig.  24  if  the  anti-resultant  R,f  as  found  by  Fig.  24  A  or  24  B,  should 
be  applied  above  or  below  v,  instead  of  through  it,,  while  the  three  original  forces 
E,  F,  aud  G  continued  to  act. 

Art.  41.  Forces  in  different  planes,  bnt  acting  through  one 
and  the  same  point.  Such  forces  cannot,  like  those  in  one  plane,  be  cor. 
rectly  represented  together  on  one  flat  surface,  such  as  a  sheet  of  paper.    Thus, 

let  Fig.  27  be  a  cube ;  and  ot,oc,oi  three  forces  acting  in  the 
directions  of  its  edges  and  through  the  same  point  o.  It  is 
plain  that  the  relative  positions  of  these  forces  are  not  cor- 
rect ly  represented ;  for  toe,  to  i,  and  coi  are  all  in  reality  right 
angles ;  whereas,  in  the  figure  only  coi  is  nearly  a  right  angle ; 
toe  appearing  as  an  acute  one,  and  / o  i  as  an  obtuse  one. 

On  this  account  the  resultant  of  such  forces  canuot  be  had 
by  measurement  from  a  single  drawing.  Recourse  is  had  to 
calculation ;  which,  however,  will  be  facilitated  by  drawings. 
First  find  the  resultant  of  any  two  of  the  forces,  (for  any  two 
are  necessarily  in  one  plane ;  then  find  the  resultant  of  this 
resultant  and  the  third  force ;  and  so  on  to  the  end.  It  is  easy  to  find  the  first 
resultant,  but  the  others  are  more  troublesome.  It  is  comparatively  seldom  that 
the  civil  engineer  has  to  find  the  resultants  of  forces  in  different  planes.  . 

*  If  some  of  the  forces  are  pulls,  and  some  pushes,  as  in  Fig.  24,  transform  the  pulls 
into  pushes,  or  vice  versa,  as  directed  in  Rem.  1,  p.  320,  bo  that  in  Fig.  23  or  24  A  all 
the  forces  may  be  treated  as  pushes,  or  all  as  pulls. 

t  The  resultant  R  is  now  supposed  to  be  reversed,  so  as  to  form  the  antf-resultant  of 
E,  F  and  O. 


Fig.27 
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Art.  42.    Tha  author  suggests  the  following  method  by  models*  for 

finding  the  resultant  of  three  or  of  four  forces  in  different  planes,  hut  acting 
through  one  point. 

(I).    For  three  forces.    Let  ao,bo,co,  Fig.  30,  be  three  forces,  meeting 


lHg.30 


\\  /Wsi 


Fig.32 


at  o.  Draw  on  pasteboard  the  three  forces  ao.bo,  co,  as  in  Fig.  31,  with  their 
actual  angles  aob,  boc,  coa.  By  Art.  28,  find  the  resultant  wo  of  the  middle 
pair,  bo  and  co.  Cut  out  neatly  the  whole  fig.,  aoacwba.  Make  deep  knife- 
scratches  along  ob,oc,  so  that  the  two  outer  triangles  may  be  more  readily  turned 
at  angles  to  the  middle  one.  Turn  them  until  the  two  edges  oa,o  a  meet,  and 
then  paste  a  piece  of  thin  paper  along  the  meeting  joint  to  keep  them  in  place. 
Stand  the  model  upon  its  side  obwc  as  a  base,  and  we  shall  have  the  slipper 
shape  aobw.  Fig.  32;  ow  being  the  sole,  and  aob  the  hollow  foot. 

In  the  model,  the  force  ao  and  the  resultant  wo  of  the  other  two  forces,  are 
now  in  their  actual  relative  positions.  To  find  their  resultant,  cut  out  a  separate 
piece  of  pasteboard,  Raow,  with  Ha  and  R  w  parallel  respectively  to  wo  and 
ao.  Draw  uponjeach  side  of  it  the  diagonal  Ho.  Paste  this  piece  inside  the 
model,  with  its  lower  edge  wood  the  line  wo.  Fig.  31,  and  its  edge  ao  in  the 
corner  ao.  This  done,  R  o  represents  the  resultant  of  the  three  forces,  ao,  6  o, 
c  o,  Fig.  30,  in  its  actual  position. 

(2)  For  fonr  forces,  as  a  o,  bo,  co^do,  in  Fig.  34.  Draw  them  as  in  the 
figure,  with  their  angles  aob,  bo  c,  etc.  Draw  also  the  resultants  v  o,  of  a  o  and 
b o ;  and  «? o,  of  co  and  d o.  Then  cut  out  the  entire  figure,  as  before,  and  paste 
together  the  two  edges  aotao.    Hold  the  model  in  such  a  way  that  two  of  its 


Fig.34 


Fig.35 


planes  (as  a  o  b  and  boc)  form  the  same  angle  as  do  the  two  corresponding  planes 
between  the  forces.  Then  we  have  the  two  resultants  v  o,  to  o,  Fig.  35,  in  their 
actual  relative  position*.  Cut  out  a  separate  piece  of  pasteboard  Kvow,  Fig.  35, 
draw  the  diagonal  Ro  on  each  side  of  it,  and  paste  it  inside  the  model,  with  ov 
and  o  to  on  the  corresponding  lines  of  the  model.  Then  Ro  will  represent  the 
resultant  of  the  four  forces,  ao,bo,co,do,  in  its  actual  position. 

The  model  may  be  made  of  wood,  the  triangles  aobyboc,  etc.,  being  cut  out 
separately,  the  joining  edges  bevelled,  and  then  glued  together.  See  also  Art.  43. 

Art.  43.  The  parallelopiped  of  forces.   If  any  three  forces,  o  a,  o  6, 
oe,  Figs.  36.  in  different  planes, 
act  through  one  point  o,  their     a  * 

resultant  will  be  represented  by 
the  diagonal  o  y,  of  a  parallelo- 
piped  actbi.  of  which  three 
converging  edges  represent  the 
three  forces. 

This  suggests  another  mode  of 
showing  the  resultant  of  three  Fiir.SO 

such  forces  by  a  model ;  for  it  is  *  *•• 

only  necessary  to  prepare  a  box 
of  the  proper  shape,  and  yo  will  represent  the  required  resultant. 


a 


^ 
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No  three  forces  in  different  planes  can  be  in  equilibrium. 

Art.  44.  Forces  in  different  planes:  and  not  tending  to  or 
from  one  point.  It  is  but  rarely  that  such  forces  have  a  resultant,  or  auti- 
resultant;  that  is,  no  single  force  can  usually  be  found  either  to  produce  an  equal 
effect,  or  to  balance  them.  It  is  so  seldom  that  they  present  themselves  to  the  engi- 
neer's attention,  and  their  solution  is  so  tedious,  except  iu  very  simple  cases,  that 
we  shall  confine  ourselves  to  one  of  that  kind.    As  in  Art  41,  the  resultants  cannot 

be  had  by  measurement  from  a  drawing. 

Let  ao,ao,ao,  Fig 37,  be  three  such  forces;  and  suppose 
them  all  to  act  against  the  aame  phtue 

p pp;  and  against  the  same  side,  or  surf  of  it;  that  is,  uoue 
of  them  pointing  upward  against  the  under  side  of  the  place 
in  the  fig.  Having  the  points  o  or  application,  and  the  rela- 
tive positions  of  the  forces  themselves,  as  well  as  the  angle* 
aoc  wbteh  they  form  with  the  plane pp"p,  resolve  each  of  the 
forces  into  two  components ;  one  of  which,  eo,  coincides  with 
the  plane ;  while  the  other  (parallel  and  equal  to  a  e,  but  meet- 
ing c  o  at  o)  is  at  right  angles  to  c  o,  or  to  the  plane.  We  then, 
have  two  sets  of  foroes ;  one  set  in  the  plane,  and  the  other  ml 
right  angles  to  it.  Since  those  in  the  plane  do  not  tend  to  or 
from  one  point,  their  resultant  must.be  found  by  Fig  lftfe, 

while  that  of  the  several  parallel  components  (equal  to  a 
c,  but  applied  at  o)  may   be  obtained  by  Arts  56  and  8ft. 
These  two  resultants  will  rarely  be  in  the  same  plane  with 
each  other,  and  consequently  can  have  no  Joint  resultant.    IT 
they  should  ohanoe,  however,  to  fall  in  the  same  plane,  use 
Art  28  for  finding  their  resultant.    In  simple  cases,  where  the 
foroes  act  against  one  plane,  as  in  our  fig,  pieces  of  wire,  cut  to  lengths  to  represent  the  forces ;  and 
stuck  into  a  piece  of  smooth  board,  in  their  proper  relative  positions,  will  greatly  facilitate  the  find- 
ing of  the  resultant  approximately  enough  for  most  practical  cases. 

The  same  general  process  must  be  used,  no  matter  how  great  may  be  the  number  and  directions  of 
the  foroes.  A  plane  must  be  assumed  to  pass  somewhere  through  the  system;  and  the  directions  of 
all  the  forces  must  be  conceived  to  be  so  extended  as  to  terminate  at  points  of  application  in  said 
plane.  Each  force  must  theu  be  resolved  into  two,  as  in  the  foregoing  example;  and  the  resultant* 
of  the  two  sets  of  forces,  as  well  as  their  joint  resultant,  if  they  have  one.  must  be  found  as  before. 
If  any  of  the  foroes  should  be  parallel  to  the  assumed  plane,  but  not  in  it,  it  evidently  cannot  be  re- 
solved into  two,  one  of  whioh  shall  be  in  the  plane ;  for  (Art  32)  no  force  oan  have  one  of  its  compo- 
nents parallel  to  itself.    Hence,  in  such  a  oase,  the  resultant  cannot  be  found  by  this  process. 

Art.  45.  It  is  comparatively  seldom  that  strict  mathematical  accuracy  is  reqd 
in  finding  the  resultants  of  forces  in  engineering  practice ;  therefore,  the  foregoing 
easy  methods  by  measurement  from  a  drawing,  or  model,  will  usually  answer  every 
purpose.  Moreover,  they  appeal  to  the  eye ;  and  are  therefore  much  less  liable  to 
serious  errors  than  methods  involving  numerous  calculations.  But  when  more  cor- 
rect results  are  needed,  they  may  be  had  by  means  of  a  table  of  nat  sines,  tangents, 
Ac.  Thus,  in  the  case  of  two  components  and  their  resultant,  calling  the  components, 
Fig  38,  G  and  c ;  and  the  resultant  R,  then 

If  the  angle  m  b  n  between  the  compo- 
nents €»  c  is  90°,  B  will  =  j/C*  +  c>;  and  C  = 
>/R»  — c» ;  and  c  =  i/R  *—  C*.  Or  R  will  =  C  -5-  cosine 
ofabn  =  c-r  cosine  of  a  b  m.  And  C  will  =  R  x  co- 
sine of  a  b  n  ;  and  c  =  R  X  cosine  of  a  b  m. 

Or  whether  the  angle  between  the  com- 
ponents €  and  c  be  90°,  or  more,  or  less,  as 

o-un      R  X  sine  of  v  RXsineofx 

CwiU=s   8in^ofCbc~;  andc  -  sine  of  C  be  * 
Observe  that  v  is  used  for  finding  (7;  and  z  for  find- 
ing e. 

And  R  will  =  cXalneofCbe;     CXsineofCbc. 

sine  of  x       or       sine  of  v 

If  the  angle  Cbc,  or  either  of  the  others  exceeds 
00°,  subtract  it  from  180°,  and  use  the  sine  of  the 
remainder. 
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Art.  46.  Moments.  Leverage*  If  a  b, 

Fig  40,  represent  any  force  acting  iu  a nj*  direction 

whatever;  and  if  o,  or  »,  be  any  point  whatever, 

whether  in  or  out  of  the  body  on  which  the  force  t    c 

is  acting;  and  if  from  said  point  a  line  o  *,  or  i  <*,     "l*-— -.---*- 

be  drawn  at  right  angle*  to  said  direction  of  the  \     \    • 

force,  then  said  line  o  *,  or  t  c,  is  called  the  nrm,     J.     -\     i    /         ..   __ 

or  leverage  of  the  force  a  6,  alrnut  said  point.        \&  Vf>C'  .*''*'      Jjltf  ^0 

And  if  Uie  amount  of  the  force  in  lbs,  Ac,  be  mult         *     **.A:/V"  ■» 

by  the  length  of  the  arm  or  leverage  in  feet,  Ac, 

the  prod  iu  ft-ms,  Ac,  is  called  the  moment  of 

the  force  aoout  that  point.    Thus,  if  the  force  a  b 

be  8  lbs,  or  tons;  and  the  line  «*,  6  feet,  then  the 

moment  of  a  b  about  o  is  8  X  6  =  48  It-lbs;  or  ft* 

tons.    A  force  has  of  coarse  uo  moment  about  any  point  through  which  ft  pastes. 

This  moment  represents  the  total  tendency  of  the  rone  to  prodoee  motion  about  the  given  point 
We  cannot  hold  hor.  betweeu  tbe  end*  of  a  thumb  and  forefinger,  a  piece  of  stick  a  foot  long,  which 
has  *  3  lb  wt  at  the  other  end  of  it ;  because  the  tendency  or  the  wt  to  produce  motion  is  too  great  for 
the  force  of  our  angers  to  resist;  but  »«  csu  iu  that  manner  bold  a  stick  two  feet  long,  with  a  8  lb  wt 
at  each  end.  If  we  take  it  at  the  eemer.  For  although  in  this  ease  there  is  twice  as  much  moment  as 
before  exerted  at  our  fingers ;  vet  it  ia  not  now  exerted  againtt  them ;  because  we  now  have  two  equal 
moments  in  opposite  directions,  reacting  againtt  each  other;  and  leaving  nothing  for  the  fingers  to 
react  against,  except  the  mere  vert  wt  of  0  lbs. 

Since  the  moment  about  o  tends  to  produce  motion  at  that  point  in  the  direction  in  which  the  hands 
of  a  watoh  move,  or  from  tbe  left  hand,  toward  the  right,  it  is  called  a  right-hand  moment.  But  the 
moment  of  tbe  same  force,  about  the  point  i,  tend*  to  produce  motion  at  that  point,  from  right  to  left, 
as  shown  by  the  arrow-bead  on  the  small  circle ;  hence  it  is  called  a  left-hand  moment.  The  moment 
of  the  force  d  y,  with  its  leverage  jri,  about  the  point  i,  is  a  left-hand  one;  as  is  also  that  of  *  w 
with  iu  leverage  e  i. 

When  the  arm  o  «,  or  i  «,  instead  of  being  merely  an  imagined  d(»t,  is  a  rigid  bar,  at  one  end  of 
which,  as  «  or  c,  tbe  force  is  imparted ;  thus  giving  tbe  bar  a  tendency  to  move  around  the  point »  or 
*  as  a  fixed  center,  it  is  frequently  called  a  utvza ;  and  tbe  point  p  or  i,  the  volcbdm  of  the  lever. 

If  tbe  lever,  instead  of  being  like  e  t,  at  right  angles  to  the  direction  a  M  of  the 
force,  should  be  oblique  to  it,  as  in  t  w,  or  t  a ;  or  should  be  curved,  or  bent  in  any 
way,  as  igt\  this  in  noway  affects  the  leverage,  or  moment  of  tbe  force;  for  the 
leverage  is  always  the  perp  dlst,  or  in  other  words,  the  shortest  dist 
from  the  fulcrum,  to  the  direction  of  the  force ;  and  is  entirely 
independent  of  the  length  of  the  lever  itself.  This  Is  a  prand  funda- 
mental principle  of  all  levers,  and  leverages;  and  the  young 
■tddent  should  carefully  impress  it  upon  his  memory,  inasmuch  as  it  is  of  constant 
application  in  practice. 

The  fulcrum  is  not  always  at  one  end  of  the  lever,  but  may  be  between  the  two 
ends ;  so  that  there  are  two  arms.  Cog-wheels  are  merely  continuous  circular  levers, 
with  the  fulcrum  at  the  center. 

Art.  47.  As  a  further  illustration, let  rj 

«/  b,  Fig  41,  be  a  bent  lever,  turning  on       jfjrf  JL\  "L       .-"**' 

its  fulcrum/;  and  m  and  n  two  wts-sus-  9  •    .!?-- ''" 

pended  from  its  ends,  constituting  two  .  ---'*"*  X|*N 

forces  acting  in  the  vert  directions  a  n,  ~k   *""      /  I  \  X, 

b  c.    Now,/c,  at  right  angles  to  the  di-  ...-.'  /    ■  \  *N 

rection  6  c;  and /a,  at  right  angles  to  \  f  m™-'*  \     \» 

the  direction  a  n,  are  the  arms,  or  lever-  f      ^\        vc.      A 

ages  of  the  forces  m,  and  n,  about  the  M    ..<"■'  %\k      - 

Point/.  a  l/>"         |„        Tg 

In  tbe  fig  these  leverages  are  equal,  say  eaob  SawnnnmnF'"-- -;C 

i« 6  ft;  and  teteaebvt.mandA.be  100 lbs;  then  1  L)  ^                  \, 

the  right-hand  moment  of  m,  and  the  left-hand  £■  A  T                  "S 

one  of  n.  about  /.  are  each  «X  100=400  ft-lbs ;  and  H  A 

since  both  tbe  forces,  and  /.  art  all  in  the  tame  H— 

plane,  it  is  evident  that  the  two  opposite  mo-  -^v  ^R 

menu,  balance  each  other ;  although  the  lever  ,L  BM  

jb,  is  much  longer  than  fa.  K^mmmmm^^mmmmi!^ 

Now  suppose  the  wt  m  to  he  removed ;  and  that  instead  of  it,  a  person  polls  in  the  direction  be,  by 
means  of  a  string  fastened  at  b.  With  what  foroe  must  he  pall  in  order  to  balance  tbe  wt  n?  First 
measure  the  leverage  /i.  from  the  fulcrum,  and  at  right  angles  to  the  direction  be  of  the  new  force ; 
and  suppose  it  is  found  to  be  9  ft.  Now  we  have  already  fonnd  the  moment  of  n  about  /  to  be  600  fi- 
ne; and  we  require  tbe  same  moment  on  the  opposite  side ;  so  that  all  that  Is  reqd  is  to  find  what 

fioo 
number  tbe  9  feet  leverage  must  be  mult  by,  in  order  to  make  800.    This  is  plainly  —  =  06.06  fts, 

for  the  pull  which  the  person  must  exert :  because  0  X  66.66  ~  600. 
So  it  is  seen  that  with  the  same  length  of  lever,  fb,  we  can  have  diff  power*,  (so  called,)  or  lever- 
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agee,  according  to  the  direction  in  which  we  apply  oar  foroe  to  the  lever.  This,  however,  evidently 
hu  its  limit;  for  the  greatest  power  is  gaiued  (to  use  the  popular  expression)  when  we  apply  oar 
foroe  in  the  direction  by,  at  right  angles  to  a  line/6,  drawn  from  the  fulcrum  to  the  outer  end  of  the 
lever.    If  we  apply  it  in  the  direction  6  d,  we  get  only  the  leverage  fh. 


m 


"± 


TL 


On  the  same  principle  as  in  the  foregoing  example,  if  o  t  and  g  a,  Fig 
42,  be  two  beams  of  equal  scantling,  bat  of  din*  lengths ;  with  one  end 
of  each  tirmly  fixed  in  a  vert  wall,  and  both  sustaining  equal  suspended 
wts  to,  x\  the  moments  of  the  wts  about  the  points  ©  and  g  will  be  equal, 
because  the  arms  or  leverages  ocga,  are  equal.  Therefore  the  wt  w 
will  have  no  more  tendency  to  break  off  the  long  beam  at  o,  than  *  has 
to  break  the  short  one  at  g.  The  wts  of  the  beams  themselves  are  not 
here  taken  into  consideration ;  and  this  is  always  the  case  in  speaking 
of  levers,  unless  otherwise  expressed.  In  very  many  cases,  the  wt  of 
levers  of  two  arms  does  hot  affect  the  result  aimed  at,  provided  the  arms 
are  to  proportioned  at  to  balance  each  other  when  unloaded;  no  matter 
what  their  comparative  lengths  or  wts  may  be. 

If,  in  Fig  42,  we  apply  palls  to  the  beams,  in  the  parallel  directions 
tm,  en,  at  right  angles  toot,  then  the  leverages  become,  changed  from 
6  e  and  ga,to  ot  and  g  c ;  and  since  o  t  measures  6  times  the  length  of 

g  c,  it  follows  that  the  beam  o  t  would  be  broken  off  at  o,  by  4  part  as 

modi  foroe  in  this  new  direction,  as  g  a  would ;  for  the  leverage  being 

6  times  as  great,  mast  be  mult  by  only  ^  as  much  wt,  in  order  to  have 

an  equal  breaking  moment. 
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Art*.  48*  In  ordinary  phraseology,  the  load,  or  resistance  of  any  kind,  which 
«e  wish  to  move,  overcome,  or  balance,  by  means  of  a  lever,  is  called  the  weight; 
while  the  force  of  whatever  kind  which  we  apply  to  accomplish  this,  is  called  the 
bower.*  Usually,  but  not  always,  the  power  is  applied  to  the  longer  arm. 
Equilibrium,  or  balance,  or  equal  momeuts  in  opposite  directions,  will  then  plainly 
take  place,  when  the  long  leverage  (not  lever)  has  the  same  proportion  to  the  short 
one,  that  the  wt  has  to  the  power;  because  then  only  can  the  long  leverage  mult  by 
the  small  power,  have  the  same  moment  as  the  short  leverage  mult  by  the  great  wt. 

This  is  seen  In  the  Common  steelyard.  Fig  43 ;  which  is  merely  an  iron  lever,  turning  on  a  fuloram 
/,  and  having  the  wts  of  its  two  arms  fa,fb,  so  proportioned  as  to  balance  each  other  when  un- 
loaded. Here  the  power,  P 1,  at  the  dist  of  two  divisions  from  the 
fulcrum ;  balances  the  wt,  W  2,  at  the  dist  or  one  division.  If  the 
wt  W  i  were  suspended  at  y,  only  half  a  division  from  /,  it  would 
balanoe  the  power  P 1,  suspended  where  w*2  is  in  the  fig,  at  a  whole 
division  from/.  If  the  power  is  reqd  to  move,  or  overcome  the  wt,  it 
is  plain  that  either  the  power  itseir,  or  the  length  of  its  arm,  must  be 
greater  than  when  mere  equilibrium  Is  to  be  effected;  In  other  words, 
besides  the  two  ttraining  forces,  which  by  their  mutual  action  balanoe 
or  equilibrate  each  other,  we  need  some  unresisted  foroe  to  impart 
motion  to  the  inert  matter. 

In  the  two  levers  or  the  same  length.  Fig  44,  the  leverage /te  of  the 
wt  «0,  is  of  the  same  length  in  both ;  namely,  one  division ;  but  the 
leverage  fp,  or  the  power  p,  is  but  two  divisions  long  in  the  upper  one, 
and  three  divisions  in  the  lower.  Therefore  a  power  of  1  lb  will  balanoe 
only  a  wt  of  2  lbs  in  the  upper  one.  and  of  three  lbs  in  the  lower.  la  the 
upper  one,  the  power  will  move  twice  as  fast  as  the  wt ;  in  the  lower  one, 
three  times  as  fast.  When  the  fulcrum  Is  between  the  wt  and  the  power, 
as  in  the  upper  one,  the  lever  is  said  to  be  of  the  first  class;  when  toe  ful- 
orum  is  at  one  end,  and  the  power  at  the  other,  eecond  class ;  fulcrum  at 
one  end,  and  wt  at  the  other,  third  class.  In  all  cases  it  is  assumed  that 
the  fulcrum  is  in  the  same  plane  with  the  directions  of  both  the  wt 

nud  the  power;  otherwise  the  principles  do  not  apply.  When  two  weights 
balanoe  each  other-  on  two  arms  of  a  lever,  as  a  steelyard,  or  common 
weighing  soales,  &e,  their  directions  are  the  vert  lines  passing  through 
their  oenters  of  grav ;  and  the  same  imaginary  vert  plane  which  coincide* 
with  those  directions,  coincides  with,  or  passes  through,  the  fulcrum  also,  when  this  is  not  the 
ease,  no  equilibrium  can  exist.  This  may  be  readily  proved  by  experiment;  for  we  cannot  balanoe  a 
bow-shaped  piece  of  stick  or  wire,  so  long  as  the  bow  is  nor;  for  it  will  tarn  on  the  fulcrum,  of  its 
own  accord,  until  the  bow  becomes  vert ;  so  that  the  same  vert  plaue  that  passes  through  the  fulcrum 
shall  pass  also  through  the  oen  or  grav  of  each  hair  of  the  bow.  If  all  the  forces  acting  on  the  lever 
are  hor,  or  oblique,  the  imaginary  plane  mast  be  so  too. 

Ban.  From  what  has  been  said  respecting  the  lower  Fig  44,  it  follows  that  when  a  load  te  Is  home 
pt  any  point  of  a  beam  fp  supported  at  both  ends,  then  the  portion  of  'the  load  supported  by  each  of 
these  points /and  p.  is  lq  the  same  proportion  to  the  whole  load  that  the  respective  portions  fto  and 

fw  of  the  beam,  are  to  the  whole  span  fp  of  the  beam;  but  inversely;  that  is,  the  smallest  portion 
r  the  load  is  borne  by  the  support  at  p  t  and  the  largest  portion  bv  /.  In  the  fig,  /to  is  one  third, 
and  p  v>  is  two  thirds  of  the  oleap  length  or  spaq  of  the  beam  j  benoe,  p  supports  H  of  the  load  sr ; 
and / supports %■    Or  aa/pf  wt  f/wijoafl  %%p.    4n4  *«/P  t  "  ( IP  "  { l0*4  «t/- 

'  •  The  fact  that  by  means  of  leverage  a  small  power  can  be  made  to  move  a  great  wt,  is  In  common 
parlanee  styled  a  gala  of  power.  In  a  soieqttfto  sense  the  expression  is  absurd,  yet  la  practise  li 
has  by  Its  universal  use  become  very  convenient;  and  we  shall  therefore  employ  it.  when  the  lever, 
instead  of  merely  balancing  the  power  and  the  weight,  has  to  be  put  Into  motion,  It  Is  plain  that  these 
pjust  be  tome  excess  of  foroe  applied  at  the  power  end,  to  produce  (be  motion, 
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Art.  49*    This  example  is  the  same  as  in  Fig  19, 
where  the  question  is  solved  independently  of  leverage  and 
moments. 

Let  S  be  a  stone  of  8  tons ;  standing  on  a  hard  hor  base  n 
to  ;  let  t  be  its  cen  of  grav ;  and  let  the  dist  ng  from  the  toe 
n,  and  at  right  angles  to  the  vert  direction,  ig,of  the  gravity 
of  the  stone,  be  2  feet.  Also  let  fh  be  a  force  of  2  tons,  im- 
parted to  the  stone  at  k;  and  let  the  dist  no  from  the  toon, 
and  at  right  angles  to  the  direction  fa  of  the  force  fh  be  6 
ft.  Will  the  force  fh  upset  the  stone  around  the  toe  »,  as  a 
turning  point? 


n        «      m 
Fiff-25. 


Figr.  25M- 


Here  n  g,  or  2  ft.  is  the  leverage  of  (be  force  (9  tons)  of  gravity ;  consequently,  the  moment  of  the 
stoue  about  the  point  n,  is  equal  to  2  ft  X.  *  tons  =  6  foot-tous ;  and  thin  moment  (which  la  called  the 
moment  of  stability  of  the  wtone.  about  n)  alone  tenda  to  prevent  the  atone  from  overturning  about 
n.  Again,  no,  orb  ft,  is  the  leverage  or  the  force,  (2  tons,)  of  fh;  consequently,  the  moment  of/  * 
about  the  point  h,  is  equal  to  5  ft  X  2  tons  =  10  foot-tons ;  and  this  moment  alone  tenda  to  overturn 
the  stone  about  n.  Since  the  overturning  moment  is  the  greatest,  the  stone  will  of  oourse  upset. 
The  foregoing  case  resembles  that  of  an  abutment  resisting  the  throat  of  an  arch ;  or  that  of  a  re* 
talning  •  wall,  sustaining  the  thrust  of  earth  against  its  back ;  said  thrust  being  supposed  to  be  con- 
centrated at  its  center  of  pressure.  (Art  «7.)  It  is  analogous  to  a 
simple  bent  lever  efo.  Fig  25  K,  supported  at  its  fulcrum/: 
around  which  it  may  revolve.  The  short  arm  fe,  of  2  ft,  is  aoted 
upon  by  the  3  tons  wt  of  the  stone;  moment =2X9= 6  ft- tons. 
The  long  arm  fo,  of  &  ft,  is  acted  upon  by  the  2  ton  force  h ;  mo- 
ment 5  X  2=10  ft-tons;  which,  being  greater  than  the  6  ft-tons 
of  the  stone,  equilibrium  cannot  exist ;  and  motion  must  ensue. 
The  wt  or  the  body  S,  in  Fig  26,  constitutes  one  of  the  forces  act- 
fag  upon  It;  while  Its  inert  matter  constitutes  the  two' lever  arms 
t  tig  25X.  It  frequently  'thus  happens  that  a  body  is  at  the 
same  time  Che  resistance  tp  be  overcome  j  and  the  lever  with 
which  to  overoome  it.  It  is  plain,  that  in  the  same  manner  as 
•hove,  we  may  rtnd  separately  the  moments  of  any  number  of 
forces  acting  in  the  same  plane,  upon  a  body  ;  and  may  afterward 
ttsoertain  their  united  effects,  by  adding  into  one  sum  those  which 

tend  to  overturn  it;  and  into  another  sum,  those  which  tend  to  prevent  its  overturning;  the  diff 
between  these  sums  will  bo  their  joint  effect. 

Rem.  In  Fig  26  we  have  supposed  the  body  8  to  turn  about  a  single  point,  n; 
but  in  practical  oases. they  turn  about  edges,  as  d  y,  Fig  25%  the  assumed  turning 
edge  of  the  body  B ;  which  may  be  re* 
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garded  as  a  retaining- wall,  or  abutment, 

2c.    In   making   calculations  for  the 

strength  of  such  structures,  it  is  usual 

to  restrict  ourselves,  for  convenience,  to 

a  supposed  vert  slice,  one  foot  thick, 

like  the  shaded  end  of  the  fig;  in  which 

case  the  turning  edge  is  one  foot  long 

instead  of  extending  along  the  toe,  dy, 

of  the  entire  structure;  (see  Art  70.) 

This,  however,  causes  no  change  in  the 

calculations,  which  remain  the  same  as 

for  Fig  25 ;  for  we  suppose  all  the  wt  of 

the  slice  to  be  concentrated  at  its  cen 

of  grav ;  and  the  forces  to  be  imparted 

in  the  same  vert  plane  with  the  direction  of  the  gravity ;  go  that  it  amounts  virtually 

to  the  same  thing  us  if  we  assumed  our  one-foot  slice  to  be  infinitely  thin;  but  still 

to  have  the  same  wt  as  if  it  were  one  foot  thick.    We  of  course  restrict  ourselves, 

also,  to  the  forces  acting  upon  such  1  ft  slice. 

But  in  fact,  it  is  hot  absolutely  necessary  in  such  eases,  to  suppose  our  applied  forces  to  be  in  the 
same  vert  Diane  with  the  gravity  of  the  will,  provided  that  both  our  structure,  and  the  base  against 
which  the  edge  A  y  beam,  and  revolves,  mag  be  regarded  as  practically  rigid,  or  unyielding,  under  the 
action  of  those  forces.  For,  If  there  bo  no  yielding  whatever  along  the  edge  dy,  then  it  Is  immaterial, 
■o  far  as  regards  overturning,  whether  the  force  be  applied  at  o,  or  at  t ;  for  d  y  then  becomes  analo- 
gous to  the  rigid  axle  c  i,  Fig  26%.  with  two  lever-arms  t  e,  and  c  a.  The  wt  r,  may  be  supposed  to  be 
that  of  the  struotore ;  sfcrt  from  that  common  mnohlne,  the  wheel  and  axle,  we  know  that  it  is  imma- 
terial whether  the  applied  force,  and  other  lever  arm,  are  attached  to  the  axle  at  c ;  or  at  any  other 
point  along  its  length  >  to  long  as  the  axle  Is  equally  unyielding  at  every  point.  Art  68  will  perhaps 
make  this  more  dear. 

Caution.  Although  it  is  Immaterial,  as  just  explained,  as  regards  overturning, 
whether  the  force,  Fig  26}£,  be  applied  at  t  or  at  o ;  it  is  plainly  not  immaterial  aa 
regards  a  tendency  to  swing  the  body  around  horizontally,  or  as  regards  pressures 
(and  consequent  friction)  at  the  ends  of  tho  stick,  Fig  25%  or  in  the  bearing  //, 
Fig.  45. 
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Art.  50.  Equilibrium  of  forces,  and  of  moments.  The  stu- 
dent must  distinguish  clearly  between  those  cases  in  which  forces  hold  each 
other  in  equilibrium,  and  those  in  which  the  moments  of  forces  do  so.    Thus,  if 


rn 
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two  equal  forces  n  and  R,  Fig  T,  act  against  each 
other  in  the  same  straight  line  »  R,  but  in  op- 
posite directions,  we  correctly  say  that  these  two 
forces  are  in  equilibrium,  or  balance  each  other, 
or  prevent  each  other  from  giving  motion  to  the 
body.  But  also  in  the  case  of  a  lever,  one  arm  of 
which  is  say  10  ft  long,  and  the  other  only  2  ft,  w« 
usually  say  that  2  S>s  of  force  at  the  end  of  the 
long  arm,  will  balance  or  hold  in  equilibrium  10 
lbs  at  the  end  of  the  short  one.  But  this  is  not 
scientifically  correct;  for  a  force  of  2  lbs  cannot 
possibly  balance  one  of  10  ftw.  It  is  actually  the 
moment  of  the  2  9>s  that  balances  the  mo- 
ment of  the  10  H>8.  That  is,  2  lbs  x  10  ft  leverage  =  20  ft-lbs,  the  moment  of 
the  2  &m,  balances  the  10  lbs  X  2  ft  leverage  =  20  ft-lbs,  the  moment  of  the  10  lbs. 
As  to  the  two  foroet  2  and  10,  they  are  balanced  by  the  upward  12  lb  reaction  of  the 
fulcrum. 

Rem.  When  any  number  of  forces  ns  m,  n,  o, »,  Fig  T,  in  the  same  plane, 
whether  acting  through  one  point  or  not,  hold  each  other  in  equilibrium,  then  any  one  of  them,  aft  *, 
is  equal  to  the  resultant  B  of  all  the  rest;  and  will  be  in  the  same  straight  line  with  it,  but  will  aet 
in  the  opposite  direction.  And  this  is  the  most  ready  method  that  suggests  it- 
self to  the  writer  for  determining  whether  several  given  forces 
are  in  equilibrium  or  not.    Art  36  may  be  used  for  finding  tb<j 

required  resultant  R.    See  Art  40. 

Art.  51.    Equality  of  moments*    This  principle  consists  in  the  follow  • 

ing :  If  any  number  of  forces  as  a,  ft, 

c,  3,  Fig  26,  all  in  the  same  plane,  and 
acting  upon  a  body  N,  in  any  directions 
whatever  in  that  plane,  hold  each  other  ir 
equilibrium,  then  if  any  point  t  betaken 
in  that  same  plane,  whether  within  the 
body,  or  ^out  of  it,  the  moments  of 
the  forces  will  hold  each  other  in  equi- 
librium around  that  point ;  that  is,  the 
moments  of  all  those  forces  (6  and  d) 
which  tend  to  turn  the  body  N  in  a  right 
hand-  direction,  (or  like  the  hands  of  a 
watch,)  around  the  point  »',  will  together 

be  equal  to  the  moments  of  all  those  (a  and  c)  which  tend  to  turn  it  around  i  in  a 

left  hand  direction. 

If  the  four  forces  o,  6,  c,  d,  mutually  prevent  each  other  from  imparting  to  the 
body  N,  any  tendenoy  to  moTe,  as  a  whole,  in  any  straight  direction  whatever,  they  are  themselves) 
in  equilibrium:  and  this  being  the  case,  their  right  and  left  hand  moments 
around  the  point  i  will  also  be  found  to  be  in  equilibrium,  aa  shown  below.  And  so  also  with  any 
ether  point  in  the  same  plane.    But  in  that  oase  the  arms  or  leverages  would  be  changed. 
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Forces. 

Arms. 

Bight-hand  Moments. 

Left-hand  Moments. 

a=6 
0=8 
b=4 
d=7.2 

3.9 

5:1 

3.111 

•  •  •  • 
«  •  •  « 

18.4 
22.4 

28.4 
17.4 

•  •  •  • 

•  •  •  • 

40.8  Total. 

40.8  Total. 

But  moments  around  a  point  may  hold  each  other  In  equi- 
librium even  when  the  forces  themselves  do  not  balance 
each  other  ;  as  in  the  case  of  the  lever  in  Art  50. 

Rem.  If  any  number  of  forces  as  a,  b,  c,  d,  Fig  26,  In  the  same 
plane,  whether  acting  through  the  same  point,  or  not.  hold 
each  other  In  equilibrium,  they  will  do  the  same  If  their 
all  be  made  to  act  In  the  same  directions  through  one 
point ;  as  A,  B,  G,  D,  through  p. 

But  tt  does  not  follow,  that  because  forces  may  balance  each  other  when  applied  at  one  point  ».  the* 
will  do  so  if  applied  to  a  body  N  at  any  pointt  wAatever,  In  the  same  plane. 
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\     i.58,  v*rtn»*  veloeHlea.  Whenever  the  power  and  the  wt  balance 

each  other,  either  in  a  single  lever,  or  in  a  connected  system  of  levers/or  leverages, 
of  any  kind  whatever,  then  if  we  suppose  them  to  be  put  into  motion  about  the  ful- 
crum, their  respective  vels  will  be  in  the  same  proportion  or  ratio  as  their  leverages; 
that  is,  if  the  leverage  of  tho  power  is  2,  5,  or  50  times  as  long  as  that  of  the  wt,  the 
power  will  move  2,  5,  or  50  times  as  fast  as  the  wt.  Therefore,  by  observing  these 
vels,  we  may  determine  the  latio  of  the  leverages.  The  wt  and  the  power  are  to 
each  other,  therefor*,  inversely  as  their  vels,  as  well  at  inversely  as  their  leverages* 
and  this  is  based  upon  the  principle  of  virtual  velocitiet ;  and  is  very  important.         ' 

Art.  S3*  Neither  the  amount,  nor  the  effect  of  leverage  is  changed,  if  the  arms 
of  the  lever,  (whether  straight  or  crooked,  or  in  whatever  relative  positions  they  may 
be,)  instead  of  being  in  oue  piect,  and  supported  by  a  single  point  or  edge  as  a  ful- 
crum, as  in  Fig  44,  p  336;  should  cajsist  of  two  separate  pieces  m,  n,  Fig  45,  firmly 
united  to  a  straight  rigid  axle  a  z, 
of  any  length;  (usually  placed  at  tl^* 
right  angles  to  the  levers  m,  n,)  and 
supported  at  two  or  more  points 
/,/  The  moments  are  then  about 
the  axis,  or  longitudinal  center-line 
of  the  axle ;  any  point  of  which 
may  be  regarded  as  the  fulcrum.  It 
is  immaterial  at  what  points  along 
the  axle,  the  lever-arms  m,  «,  may 
be  attached  to  it ;  both  may  be  be- 
tweeu  f,  /;  or  both  outside ;  or 
oue  in  each  position.  But  see 
Cantiois,  p  837.  This  is  illustrated  by  the  common  wheel  and  axle.  The 
rad  of  the  wheel,  and  that  of  the  axle,  n.*asd  from  their  common  axis,  constitute 
two  continuous  levers.  Ateo  by  series  of  jog-wheela,  which  we  see  placed  indiffer- 
ently at  any  points  along  extended  shafts,  or  axles,  whether  vert,  hor,  or  inclined. 

If  the  levers  m,  n,  are  not  at  right  angles  to  the  length  of  the  axle,  then  their  lever- 
ages, and  not  their  actual  lengths,  (measd  i<om  the  center  line  of  the  axle,)  must  evi- 
dently be  used  in  calculating  the  moment,  of  forces  acting  upon  them.  See  Remark, 
Art  49. 

Rbm.  Tbe  assumption  of  an  imaglbavy  axle,  or  axis,  as  in  Rem  to  Art  49,  enables  to  solve  such 
eases  as  this.  The  entire  load  being  known  which  is  sustained  bj  three  vert  supports ;  also  tbe  posi- 
tion of  its  cen  of  grav ;  to  find  bow  much  of  it  is 
siMtained  by  each  of  the  supports:  Draw  by  scale, 
a  triangle  a  be.  Fig  46.  showing  In  plan  the  oorreet 
position  of  the  supports ;  and  of  tbe  een  of  grav  g, 
of  the  sustained  load.  Assume  any  side,  as  a  -J,  to 
be  an  axis ;  and  from  it  draw  the  two  perps :  ib.  to 
tbe  opposite  angle  ft ;  and  e  g.  Now,  it  is  plain  *kat 
e  g,  and  <  6,  may  be  considered  as  two  levera^ek 
from  tbe  supposed  axle  a  c  At  g  is  placed  the  en- 
tire load,  whose  moment  about  the  axis  of  the  axle, 
is  equal  to  tbe  load,  (say  6  tons,)  mult  by  tbe  meas- 
ured (by  scale)  length  of  e  g,  say  8  ft.  And  this 
moment  (5  X  8  =  40  ft-tona)  is  balanced  by  that 
of  an  upward  force  at  ft :  which  upward  force  must 
be  equal  to  that  sbare  of  tho  load  whioh  rests  upon 
ft,  inasmnob  as  the  two  are  in  equilibrium.  To  find 
tbe  amount  of  the  force  at  6,  we  have  only  to  div 
the  moment  (40  ft-tona)  of  g,  by  the  leverage  i  ft.  of  th.  reqd  force  ft.  Suppose  i  ft  is  found  by  the  scale 

to  be  25  feet;  then  the  upward  force  at  ft,  is  ^  °-  =  1.6  tons ;  and  we  have  its  moment  about  the  axia 
=1.6  X  36  ="40  ft-tona,  the  same  as  that  of  g.  Therefore  ft  supports  1.6  tons  of  the  load.  In  pre- 
cisely the  same  manner  we  may  assume  each  side  in  turn  to  be  an  axis :  and  find  how  much  is  sus- 
tained at  the  opposite  angle.    The  pressure  on  each  of  four  legs  cannot  be  calculated. 

The  Pig  T,  in  which  a  represents  one  end  or  the  axis  ;  a  g  tbe  leverage  e  g  of  the  load  g;  and  a  0 
that  (i  ft)  of  the  force  ft,  will  make  the  principle  more  apparent. 
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Art.  54.  The  principle  of  the  leTer  as  applied  to  beams 
resting  upon  two  support*.  If  a  body,  Fig.  47,  of  any  kind  (as  a  beam, 
Figs.  48  to  ol,  loaded  unitormly  or  otherwise,  or  unloaded)  rests  upon  two 
supports,  A  and  B,  whether  these  supports  be  placed  at  its  ends  or  elsewhere ;  it 
follows  from  the  foregoing  that  the  downward  moment  of  the  beam  and  its 
load  about  either  one  of  the  two  supports,  is  equal  to  the  total  weight  of  the  beam 


a- 


-1 


C 


jTjjjr  <fty  (ho 


Y -« 4  J- s T- 

Fig.  47  Fig.  48  Fig.  49 

and  its  load  multiplied  by  the  distance  from  its  center  of  gravity  G  to  that  sup- 
port:  and  that  if  this  downward  moment  be  divided  by  the  span,  the  quotient 
will  be  the  upward  vertical  reaction  of  the  other  support,  or  (which  is  the  sam» 
thing)  the  load  borne  by  it.    Thus,  in  Fig  47, 


Load  borne  by  A 
Load  borne  by  B : 


downward  moment  about  B 

span  S 
downward  moment  about  A 


=  total  weight  X 
=  total  weight  X 


spans' 


span  8  ^         span  8 

Or,  instead  of  first  finding  the  center  of  gravity  of  beam  and  load,  we  may 
treat  each  portion  of  the  load,  as  M  Fig.  48,  separately,  multiplying  it  by  its 
leverage  m.    Thus,  in  Fig.  48  we  have 


Load  on  B 
and  in  Fig.  49, 


weight  of  beam  alone  Xr  +  Mm  +  N»  +  Oo 


Load  on  3 


span  8 
weight  of  beam  alone  X  c  +  Mm 


Bpan  8 

To  plaee  two  supports,  A  and  B,  so  that  each  may 
given  portion  of  the  entire  load  (as  where  a  man  and  a  boy  carry 
a  rail),  we  have  only  to  make  the  distances,  a  and  6,  of  the  two  supports  from  the 
center  of  gravity,  G.  inversely  as  their  respective  portions  of  the  load.  Thus,  if  A  i* 
to  bear  two-thirds  of  the  load,  b  must  be  equal  to  two-thirds  of  the  span  A  B. 

So  far  as  regards  the  distribution  of  the  load,  it  is  immaterial  what  the  total  span 
amounts  to.  Thus,  if,  as  before,  A  is  to  bear  two- thirds  of  the  entire  load ;  a  and 
b  may  be  respectively  10  feet  and  20  feet,  or  3  inches  and  6  inches,  etc.,  eta,  pro- 
vided only  that  b=*2a. 

If  in  Fig  49  A  we  draw  the  vertical  line  c  e  equal  by  scale  to  the  concentrated 
load  w  at  that  point,  and  cd,eo  horizontal  and  each  equal  to  the  span  *,  and  join 
edteo,  then  the  lengths  of  the  vertical  lines  a  i  and  b  m  will  give  by  the  same 
scale  the  portions  ox  to  borne  by  the  supports  A  and  B  respectively. 


Fig.40A 


Fig.40B 


The  same  principle  is  applied  to  cases  of  two  or  more  loads  (Fig.  49  B).  Here 
the  engine  load  upon  A  is  the  sum  of  a  i  and  a  f,  and  that  upon  Bts  the  sum  of 
b  m  and  b  n.  Or  we  may  suppose  the  engine  to  be  moving,  at  shown  by  the  arrow, 
and  A  and  B  to  represent  one  ami  the  tame  support  (m  a  pier  of  a  bridge  or  trestle) 
at  two  different  moments  of  time,  vis. :  A  be/ore  and  B  after  the  engine  baa  passed  it 
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In  t  he  case  of  a  uniform  bbain,  whether  uu  loaded  or  with  either  a  uniform  or  a 
central  load,  or  in  any  other  case  where  the  common  center  of  grav- 
ity of  beam  and  load  is  at  the  eenter  of  the  span,  the  two  sup- 
ports evidently  bear  equal  loads,  each  equal  to  half  the  total  weight  of  beam  and 
load. 

In  an  inclined  beam,  A  B,  Fig  50,  although  the  horizontal  distances  Ac,  Ad. 
Abt  are  of  course  the  true  leverages  of  the  several  vertical  forces  of  the  loads  and 
of  the  support  B  about  the  other  support  A,  yet  it  is  immaterial  in  these  calcula- 
tions whether  we  use  these  horizontal  distances,  or  the  corresponding  inclined 
distances,  AC,  AD,  AB,  measured  along  the  beam  itself  (provided,  of  course, 
that  we  use  only  the  horizontal  ones  or  only  the  inclined  ones) ;  for  the  latter  are 
evidently  in  tJie  same  proportion  to  each  other  as  the  former.    Thus : 

AC        Ac  AD        Ad 

t^  =    .-.  and  r-g  =  — -•     This  applies  only  to  the  distribution  of  the  load 

between  A  and  B.    See  p.  480  and  Art.  15,  p.  496. 

In  any  beam,  having  found  the  portion  of  the  load  borne  by  either  one  of  the 
two  supports,  we  have  merely  to  subtract  that  portion  from  the  total  load,  and 
the  remainder  is  the  portion  borne  by  the  other  support.  Hence  it  matters  but 
tittle  which  of  the  two  supports  is  taken  as  the  fulcrum. 


Fig.  50 


Fig.  51 


In  Fi«r».  01  the  uniformly  loaded  beam  AB  rests  at  one  end  A  upon  a 
horizontal  step,  and  is  supported  at  another  point  B  by  an  inclined  strut  or 
chain  C  B.  The  center  of  gravity  of  beam  and  load  is  at  G,  and  their  downward 
moment  about  the  step  A  is  equal  to  their  total  weight  multiplied  by  the  hori- 
zontal distance  G  A  from  their  center  of  gravity  G  to  the  step  A.  The  vertical 
load  upon  the  strut  or  chain  would  be  found  (as  before)  by  dividing  this  down- 
ward moment  of  the  beam  and  load  by  the  horizontal  distance  or  span  A  B  from 
the  step  A  to  the  point  B  where  the  strut  or  chain  is  attached ;  or 


Vertical  load  on  strut  or  chain  =  weight  of  beam  and  load  X 


AG 
AB; 


and  if  the  strut  or  chain  were  vertical,  this  would  be  all  the  stress  it  would 
sustain,  since  the  leverage  with  which  it  resisted  would  then  be  the  horizontal 
distance  A  B.  But  a  strut  not  fastened  at  its  ends  or  otherwise,  or  a  chain,  can 
resist  only  in  the  direction  of  Us  length;  and  its  leverage  A  i  is  necessarily  at  right 
angles  to  that  direction.  In  the  inclined  strut  or  chain,  this  leverage  is  evi- 
dently shorter  than  the  horizontal  distance  A  B.  But  by  thus  shortening 
the  leverage  with  which  it  reacts  against  the  downward  moment  of  the  load,  we 
increase  the  stress  which  it  must  exert  in  order  that  its  resisting  moment  may 
be  equal  to  the  downward  moment  of  the  beam  and  its  load ;  or,  since 

stress  in  strut  or  chain  X  A  i  =  weight  of  beam  and  load  X  A  G, 

we  have,  for  the  stress  in  the  inclined  strut  or  chain : 

AG 
Stress  =  weight  of  beam  and  load  X  "T7"» 


which  is  evidently  greater  than 


AG 


Vertical  load  at  B  =  weight  of  beam  and  load  X~r«* 
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We  may  now  examine  the  rigid  half-arch  and  spandrel  of  p.  331  by  m*ans  of 
(he  principle  of  the  lever ;  assumfng,  as  in  Art.  38,  that  the  several  stones  com- 
posing the  half-arch  cjrd  and  the  spandrel  cdn  are  so  firmly  bonded  with  e**h 
other  that  the  arch  and  spandrel  together  act  as  one  rigid  body  cjrdn>  with lt» 
center  oi  gravity  at  g,  and  supported  only  at  cj  and  r  d.    Here, 

downward  moment  of  body  cjrdn**  weight  of  body  X  **; 

and  the  leveiage  of  the  horizontal  resist- 
ing force  A,  at  cj,  is  re.    Hence, 

horizontal      weight        tr 
pressure  A      of  body      re 

Rkm.  1.  This  process  will  not  give  pre- 
cisely the  same  result  for  the  horizontal 
force  h  as  that  on  p.  331,  exc  pt  in  the 
imaginary  case  of  an  arch  resting  upon 
a  fumu  at  the  center  y  of  the  skewback ; 
because  in  Fig  22%  we  assume  that  the 
resultant  c  /  of  the  pressure  of  the  arch 
passes  through  that  point  and  not  through 
the  edge  r,  r  igs.  52. 

Rkm.  2.    Here,  as  in  Fig.  22%,  p.  831, 
the   fact   that   an    actual   arch   cannot 
always  be  regarded  as  a  single  rigid  body 
materially  modifies  the  application  of  the  principle  in  practice,  especially  where 
the  rise  of  the  arch  is  great  as  compared  with  the  span. 

Bra.  3.  Under  the  head  leverage,  may  be  classed  the  tread-wheel;  windlass  and  lever;  eapstan 
and  lever ;  and  all  axles  turned  by  a  winch  or  by  a  crank ;  such  as  the  dram  and  winch  with  which  a 
water-bucket  is  raised  from  a  well,  to.  They  are  all  merely  continuous  simple  levers,  of  which  the 
axis  is  the  fulcrum ;  the  rad  of  the  circle  described  by  the  power  is  one  arm,  and  the  rad  of  that  de- 
scribed by  the  shaft,  drum,  Ac,  is  the  other. 

Rem.  4.  Compound  levers,  a  a,  bbt  ee,  Fig  52^,  may  be  used  where 
there  is  not  space  for  the  arms  of  a  single  lever  of  sufficient  power.  They  need  not 
extend  in  one  line;  but  may  be  placed 
one  over  the  other ;  or  in  such  other  po- 
sitions as  may  be  convenient.  Their 
effect  is  much  greater  than  the  combined 
effects  of  the  three  simple  levers,  and  is 
found  thus :  As  the  product  of  the  weight- 
arms,  2X1X3  =  6;  is  to  that  of  the 
power-arms,  10  X  8  X  7  =  660 ;  so  is  the 
power  to  the  weight ;  or,  as  6  :  660  : : 
i'l  :  W93J^.  These  arms  are  measd  in 
all  cases  from  the  fulcrum;  which  is 
sometimes  at  the  end  of  one  or  more  of 
•he  levers,  when  compounded ;  see  Fig  44. 
The  combined  effects  of  the  three  simple 
levers  would  be  but  6  +  8  +  2%  =  lb%',  or  P 1,  W  1% 

A  aerie*  or  train  of  toothed  pin  ions  and  wheels*  working- into  each 

other,  is  merely  a  series  of  continuous  oompound  levers.  These  are  generally  set  in  motion  by  a 
winch-handle,  the  rad  of  which  is  the  first  leverage  of  the  series ;  while  at  the  other  end  of  the  train 
the  wt  is  usually  suspended  from  a  drum,  the  rad  of  which  is  the  last  leverage.  To  find  the  offset, 
molt  into  one  prod  the  radii  of  the  winch  and  of  the  wheels,  aad  into  another  prod  the  radii  of  the 
pinions  and  or  the  drum ;  then,  as  the  last  of  these  prods  is  to  the  first,  so  is  the  power  to  the  wt, 
as  in  the  preceding  case. 

In  both  the  foregoing  eases  of  compound  leverage,  as  in  all  other  eases  whatever  of  leverage,  the 
vel  or  the  wt  is  to  that  of  the  power,  as  the  power  itself  is  to  the  wt ;  thus,  in  Pig  5*34,  the  wt  will 

move  only  -jr— -  part  as  fast  as  the  power ;  or  the  power  must  descend  93K  inches,  In  order  to  raise 

the  weight  1  inch ;  on  the  principle  or  virtual  vela.    See  Art  51. 

Rkm.  ft.  The  Screw  is  a  combination  or  leverage,  with  an  inclined  plane :  a  spiral  inclined 
plane  being;  formed  by  the  threads  of  the  screw.  While  the  power  applied  to  the  lever  which  turns 
the  screw  moves  around  an  entire  oirole,  the  body  moves  only  the  dlst  between  the  centers  of  two 
threads ;  and  since  in  all  mechanical  contrivances,  the  wt  is  to  the  power  as  the  vel  of  the  power  te 
to  that  of  the  wt.  so  In  this  oase,  theoretically,  the  wt  is  to  the  power,  as  the  entire  circumf  of  the 
eirole  described  by  the  power,  is  to  the  dist  between  the  centers  ef  two  threads;  but  in  praotlee.  the 
friction  of  the  screw  (which  under  heavy  loads  beoonies  very  great)  has  also  to  be  overcome  by  the 
power ;  and  this  fact  makes  the  calculations  or  bat  little  use. 

The  Pnllew,  also,  when  a  fixed  one,  is  referable  to  leverage.  In  the  Jfctorf  pulley  A.  Pig 
52K,  there  is  no  gain  or  power ;  for  here  the  diam  a  h  is  a  lever  ot  two  equal  arms,  revolving  around 
its  relorum  at  the  center  of  the  pulley.    Consequently,  the  wt  and  the  power  have  equal  leverages; 
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THE  CORD  OB  FUNICULAR  MACHINE. 

Art.  1.  Some  allusion  to  this  subject  has  already  been  made  on  page  326, 
which  see.  Theory  requires  that  the  cord,  rope  or  string,  &c,  shall  be  ab- 
solutely flexible,  inextensible,  frictionless.  without  weight,  and  infinitely  thin ; 
and  that  such  pulleys,  posts,  pins  or  pegs,  loops  or  rings  as  may  be  used  with  the 
cord  shall  also  be  absolutely  frictionless ;  and  at  times  devoid  of  weight  unless 
said  wt  is  included  in  one  of  the  acting  forces.  These  assumptions  cannot  of 
course  be  realized  in  practice,  which  however  will  agree  with  theory  in  propor- 
tion as  we  approximate  to  them ;  and  this  we  can  frequently  do  so  far  as  to  render 
the  theory  of  great  use.  We  know  that  all  cords  have  wt  and  thickness,  and  can 
be  stretched ;  and  that  so  far  from  being  flexible,  they  may  require  very  con- 
siderable force  to  bend  them  around  pulleys,  posts,  pins,  &c.  They  also  possess 
friction.  Also  that  all  pulleys,  pins,  sliding  rings  or  loops  <fcc,  have  more  or  less 
friction;  which  when  there  are  many  of  them,  may  entirely  vitiate  all  calcu- 
lations. A  pnlley  tins,  in  itself,  no  advantage  over  a  smooth 
cylindrical  pin,  or  post  (as  the  case  may  be)  except  that  its  friction  being 
a  rolling:  one,  is  less  than  the  sliding?  frictiou  which  takes  place  between  a 
cord  and  a  pin,  <ftc.  Therefore  in  what  follows  we  may  usually  (so  far  as  theory  is 
concerned)  substitute  one  for  the  other. 

Rem.  It  will  be  seen  that  the  principle  of  the  cord  serves  for  finding  the 
strains  on  the  ropes  of  the  different  systems  of  pulleys. 

Art.  2.  Assuming  then  such  a  theoretical  cord,  pulleys,  ping,  Ac,  all  devoid 
of  friction,  tbe  broad  principle  of  the  cord  is  that  any  force/,  Figs  1, 
imparted  to  either  end  of  a  cord  (whether  the  cord  be  straight  as  fg  or  fc  ;  or 

bent  out  of  its  course  as/  e  by  any  num- 
ber of  frictionless  pulleys  or  pins  as  n  r 
ms,  <fec,  however  placed)  is  all  trans- 
mitted along  the  entire  cord  to  its  other 
end,  straining  it  uniformly  in  every 
part,  so  long  as  the  cord  is  in  equilib- 
rium ;  for  (Fig.  6)  the  reaction  ft  h  of  the 
pin  or  pulley  acts  through  its  center,  z ; 
and,  iu  order  that  equilibrium  may 
exist,  the  right-hand  moment  of  the 


Flfir.l. 


force  p  and  the  left-hand  moment  of  the  force  *  about  z  must  be  equal  (Art.  51 ,  p. 
338) ;  and  since  their  leverages  about  z  are  equal  (=  radius  z  r),  the  forces  p  and  «, 
and  consequently  the  tensions  in  the  two  parts  of  the  cord,  must  be  equal. 

If  at  any  one  of  the  pulleys,  pins,  Ac,  as  m,  we  make  mo^ma,  each  equal  to  the 
force  at  either  /or  e,  and  complete  the  parallelogram  mo  da  of  forces,  then  the 
diagonal  or  resultant  d  m  will  give  both  the  direction  and  amount  of  strain  which 
the  cord  produces  on  that  pin.  This  strain  will  differ  at  the  several  pins  ac- 
cording to  the  angles  formed  by  the  two  components ;  and  may  thus  be  greater, 
or  less,  or  equal  to  the  force  at/ or  e. 

Rent.  With  theoretical  cords,  pulleys,  pins,  Ac,  the  two  components  mo,  ma 
at  any  pin  will  always  form  equal  angles  with  the  resultant  rod;  and 
upon  this  fact  the  principle  of  the  cord  depends. 

Art.  3.  The  principle  of  the  cord  applies  also  when  as  in  Figs  2,  8, 4,  a  load 
or  third  force/  is  imparted  between  the  ends  of  the  cord  as  at  a,  by  means  of 


Flgr.2. 


Fiflr.4. 


a  frictionless  pulley,  ring  or  loop  which  can  move  along  the  cord  with  perfect 
ease.  If  such  a  pulley,  ring  or  loop  be  first  placed  upon  the  cord  near  m  or  n,  it 
will  with  its  load  or  other  force  move  down  along  the  steepest  part  of  the  cord 
until  it  comes  to  rest  at  that  point  a  at  which  a  m  and  a  n  form  equal  angles 
bac,bao  with  the  direction  a  ft  of  the  force/.  If  both  ends  m  n  of  the  cord  are 
at  the  same  height,  and  the  force/  a  load  and  of  course  acting  vertically, 
then  a  will  be  at  the  middle  of  the  cord ;  but  if  the  ends  are  at  different 
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heights  as  in  Fig  2,  from  either  of  them  as  n  draw  a  vertical,  mux;  and  from 
the  other  one,  as  m  lay  off  the  whole  length  m  x  of  the  cord ;  bisect  n  x  at  c,  and 
draw  e  a  horizontal ;  a  will  be  the  required  point. 

If  we  draw  a  b  to  show  both  the  direction  and  the  amount  of  the  force/,  and 
complete  the  parallelogram  b  c  a  o  of  forces,  then  either  a  c  or  its  equal  a  o  will 
give  the  uniform  strain  which  /  produces  from  end  to  end  (m  to  n)  of  the  cord. 
From  which  it  is  plain  that  a  force  equal  to  a  c  or  a  o  may  be  considered  to  be  im- 

£arted  at  each  end  m,  n,  of  the  cord,  and  there  to  react  against  a  c  and  a  o,  there- 
y  straining  the  cord  uniformly  throughout. 

Rem.  1.  Precisely  the  same  result  will  follow  if  one  or  both  of  the  ends  m, 
«,  instead  of  being  fixed  or  fastened  at  those  points  as  is  supposed  in  Figs  2  and  3, 
are  continued  asatm.  Fig  4,  over  a  frictionless  pulley  or  pin,  and  prolonged  either 
vertically  as  ml,  in  which  case  it  will  sustain  a  load  or  vertical  force  I  equal 
to  a  o  or  a  «;  or  in  any  other  direction  as  m  s  or  m  «,  in  which  case  it  will  sustain 
at  *  or  e  a  pull  equal  to  a  o  or  a  e  acting  in  said  directions.  And  the  same  will 
take  place  if  one  or  both  ends  as  n,  Fig  4,  be  extended  over  or  under  any  num- 
ber of  such  pullevs  or  pins,  (no  matter  what  angles  they  form)  say  to  «.  The 
strain  at  v  will  still  be  equal  toacorao,  and  will  be  uniform  from  v  to  I.  The 
strain  on  any  pulley  or  pin  may  plainly  be  found  as  in  Art  2. 

Rem.  2.  If  we  know  the  angles  bao,b  ac,  and  the  force  or  resultant  a  bt 
we  ean  calculate  the  strains  or  components  a  o,  a  c;  or  knowing  the 
angles  and  components  we  can  calculate  the  force  a  b,  all  by  the  formulas  in  Art 
45,  p  834,  which  are  based  upon  plane  trigonometry,  which  enables  us  to  find  un- 
known parts  of  a  triangle  when  certain  other  parts  are  given. 

Rem.  3.  If  the  angle  m,  a,  n,  is  120°,  each  component  uo.ae,  will  be 
equal  to  the  resultant  ab;  if  it  is  less  than  120°,  each  component  will  be  less  than 
the  resultant ;  and  vice  versa. 

Art.  4,  A  little  reflection  will  enable  the  student  to  see  that  this  Art  is 
merely  a  farther  illustration  of  the  preceding  ones.  In  Fig  5  a  load  *,  or  any 
equal  vertical  pull  will  strain  the 
strings  *  a  and  z  v  each  to  an  amount 
equal  the  load,beeausetheyhoth 
act  in  its  own  direction.  If 
the  parts  m  a,  g  a  of  the  cord  amng 
a  which  passes  over  the  friction* 
less  pulley  or  pin  *  were  also  vert- 
ical, each  or  them  would  be  strained 
equal  to  one-half  the  load  s;  but 
they  are  not  vertical,  and  if  we  make 
a  b  to  represent  «,  and  complete  the 
parajlelogram  b  o  a  c,  we  shall  find  that 
the  resulting  strains  ac,ao  are  each 
rather  more  than  half  of  */  and 
they  will  increase  if  the  angles  at  a 
increase ;  and  may  be  calculated 
by  the  formulas  in  Art  45,  p  334. 

*  Fhj.6. 


In  Fig  5  we  had  the  force  s  or  a  b  given  as  a  resultant,  and  from  it  we  found  its 
two  components  or  strains  ao,ac.  In  Fig  6  we  have  the  two  components  Am,A 
g  given,  (each  evidently  equal  to  the  load  s)  and  from  them  we  deduce  the  result- 
ant h  b.  which  represents  the  strain  on  the  pulley,  and  on  the  string  zw.  It  is 
plain  that  this  string  cannot  be  vertical  as  z  v  is,  but  must  (as  z  v  does)  adjust  it- 
self to  the  direction  of  the  force  or  resultant  which  pulls  it.  If  the  load  *  is  the 
same  in  both  Figs,  we  see  that  the  pull  onzw  will  be  about  twice  as  great  as  on 
zv;  and  the  one  along  the  cord  smgg  about  twice  as  great  as  that  along  amng  a. 
This  difference  will  of  course  vary  with  the  angles. 

Rem.  1.  Let «,  Fig  5,  instead  of  the  load  there  represented,  be  a  suspended 
man  weighing  2005)8,  and  holding  ma,ga  together  at  a  with  both  hands ;  or  let 
m  a  and  g  a  both  hang  vertically  from  the  pulley,  and  let  him  hold  their  lower 
ends  apart  by  one  hand  at  each  end.  Now  if  each  part  of  the  rope  will  bear  but 
a  little  more  than  100  lbs,  and  zva  little  more  than  200  lbs,  he  will  be  safe  from 
falling.    But  if  he  lets  go  one  end  of  the  rope,  patting  it  into  the  hands  of  an- 

25 
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other  man  standing  by  to  hold  it ;  or  if  he  hooks  one  end  to  a  projecting  spike  in 
a  wall  close  at  hand,  the  rope  will  break,  and  he  will  fall,  because  he  at  once 
doubles  the  strain  along  both  the  ropes  amnga,  and  z  v. 

Rem.  2.  Fie  7  shows  a  device  by  which  boatmen  sometimes  haul  a  boat  out 
of  the  water,  and  up  on  to  the  beach,  at  a  landing,  when  it  is  too  heavy  for  their 
unaided  efforts.  The  rope  emxnb  Ib  to  be  considered  as  horizontal  in  this  case. 
One  end  b  being  fastened  to  the  bow  of  the  boat,  the  rope  is  carried  past  one 
smooth  post  n,  to  another  at  m>  around  which  it  makes  a  whole  turn ;  and  a  man 
stands  at  that  end  e  to  take  in  the  slack  while  the  others,  taking  hold  of  the  rope 
midway  between  m  and  n,  pull  it  into  a  position  man  in  which,  if  the  ample 
■nan  exceeds  120°,  (see  Bern  3,  Art  3)  each  component  an,  am  of  their 
force  exceeds  said  force  itself;  and  a  strain  equal  to  one  of  these  components  (except 
so  far  as  it  may  be  reduced  by  the  rigidity  of  the  rope  and  by  its  friction  against  the 
post  n)  is  transmitted  uniformly  to  the  boat  6,  drawing  it  a  short  distance  up  the 
beach.  The  rope  is  then  straightened  again  from  to  to  n  by  taking  in  the  slack 
at «,  and  the  operation  is  repeated  as  often  as  necessary. 

To  find  the  strain  a  mot  an,  divide  the  force  by  twice  the  nat  cosine 
of  the  angle  %  an,  or  z  am.    Or  to  find  bow  many  times  the  strain  exceeds  the 

force  divide  the  distance  a  n  by  twice  the  distance 
a  x.  Here  a  %  represents  only  half  the  force,  or  half 
the  diagonal  or  resultant  of  am  and  a  n. 

The  force  of  a  man  pulling  by  jerks  at  z  or  a 
will  average  between  30  ana  80  lbs. 

Art.  5.  We  will  now  dispense  with  the  frie- 
Y\z  v  .A  tionless  pulley  required  by  the  principle  of  the 
**'  *  op  cord,  and  which  would  of  itself  roll  along  the  cord 
until  it  came  to  rest  at  a  point  which  would  cause 
equal  angles  and  consequently  uniform  strain  throughout.  We  will 
substitute  for  it  a  tight  fenot  which  cannot  slide,  at  a  point  a.  Fig  8, 

which  causes  unequal  angles  bam,b  a  n,  be- 
tween the  direction  a  b  of  the  force  /,  and  the  two 
parts  a  m,  an,  of  the  oord.  Here,  completing  the 
parallelogram  bcao,we  find  that  the  part  an  of  the 
cord  is  strained  to  an  amount  denoted  by  ae;  and 
that  same  strain  would  affect  any  extension  of  the 
cord  on  that  side,  like  that  to  v,  Fig  4.  The 
part  a  m  would  be  strained  equal  to  a  o;  and  that 
strain  would  continue  to  the  end  m,  or  to  the  end 
of  any  extension  of  that  part.  Hence  the 
strain  Is  not  uniform  from  end  to  end  of 
_  the  cord,  as  it  would  have  been  if  the  knot  had  been 

trictionless ;  in  which  case  it  would  have  slid 
along  the  cord  until  the  angles  would  be  equal 

Rem.  1.  But  even  in  this  case  of  a  tight  Knot  at  a,  there  is  always  one 
direction,  as  tat,  in  which  the  force  can  be  imparted  so  as  to  cause  equal  an- 
gles *am,tan)  with  the  direction  a  s  of  the  force  t,  and  then  the  strain  will  be 
uniform  from  end  to  end,  as  if  a  Motionless  pulley  had  been  used. 

Rem.  2.  With  a  tight  knot  at  a  it  is  plain  that  a  force  may  be  imparted 
there  from  any  direction  as/a,  /  a  Ac.  If  the  direction  coincides  with 
either  part  a  m,  or  a  n  of  the  rope,  that  part  will  bear  all  the  strain ; 
the  other  part  remaining  entirely  free. 

Rem.  3.  From  Rule  1,  p  160,  for  drawing  an  Ellipse,  it  will  be  seen  that  at 
whatever  point  as  a,  Fig  8,  we  apply  force  to  an  inextensible  cord  nam  with  fixed 
ends,  that  point  will  be  in  the  circumference  of  an  ellipse,  the  foci  of  which  are 
st  the  ends  m,  n. 
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PARALLEL  FORCBS. 


Art.  55  (a).    Parallel  forces,  as  a,  b,  c.  etc.,  Fig.  1,  are  those  whose  direc- 
tions (whether  opposite  to  one  another  or  not)  are  parallel. 
Anjr  two  parallel  forces  must  evidently  lie  la  the  same  plane  | 

that  is,  the  same  flat  surface  could  coincide  with  both  of  them ;  but  three  or  more 
parallel  forces  may  or  may  not  be  in  the  same  plane. 
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Thus,  a  and  b  are  in  one  plane,  a z ;  and,  in  whatever  positions  a  and  &  maybe 
placed,  or  at  whatever  distance  from  one  another,  so  Ions  as  they  remain  parallel 
we  can  always  find  some  one  plane  which  coincides  with  both  of  them.  So  also  the 
two  forces,  6  and  e,  or  b  and  d,  or  e  and  d,  are  in  one  plane  d  z,  while  a  and  c  are 
in  the  one  plane  a  y.  And  the  three  forces  6,  c  and  d\  are  in  one  plane  d  x.  But 
the  three  forces,  a.  o  and  e,  are  not  in  anv  one  plane,  and  no  single  plane  can  be 
found  that  will  coincide  with  all  three  of  them. 

The  force  6  is  at  once  in  the  two  planes,  a  x  and  c  z.  Indeed,  we  mar  conceive 
of  any  number  of  planes  intersecting  each  other  in  the  line  o  x ;  ana  the  force 
b  will  be  in  each  of  these  planes. 

Forces  in  the  same  plane  often  act  in  opposite  directions.  Thus,  e  is  not  only 
in  one  plane  with  /,  which  acts  in  the  same  direction,  but  is  also  in  one  plane 
with  any  one  of  the  forces,  a,  6,  etc.,  which  act  in  the  opposite  direction.  With 
c,  it  is  not  only  in  the  same  plane,  but  also  in  the  same  hne. 

We  must  not  confound  acting  in  one  plane  with  acting  upon  or  against  one 
plane.  Thus,  all  the  forces  in  Fig.  1  act  against  or  upon  the  plane  m  n,  but  none 
of  them  act  in  it,  nor  do  they  all  act  in  any  one  plane. 

(b).  When  forces  a,  b.  etc.,  Fir.  2,  are  applied  to  a  body,  their  tendencies  to 
move  it  are  in  the  directions  of  tneir  imparted  components,  a',  6',  etc.,  or  compo- 
nents at  right  angles  to  the  surface  mn,no,  etc.,  of  application.  See  Art.  25,  p. 
318  e.  In  order  that  these  components  may  be  parallel,  it  is  not  necessary 
that  the  forces,  a,  6,  etc..  should  be  parallel,  but  only  that  they  be  applied  either 
to  the  same  or  to  parallel  surfaces.*    Thus,  the  forces,  a,  b,  c,  d,  e,  and  /  Fig 


m 


Fig.  3 


2,  are  parallel:  but  the  surfaces  mn  and  n o,  to  which  b  and  e  are  applied,  are 
not  parallel.  Hence  the  tendencies  of  b  and  c  to  move  the  body,  as  indicated  by 
their  imparted  components,  6'  and  J  are  not  parallel.  But  a  and  b  are  applied 
to  the  same  surface  m  n.  Hence  their  imparted  components  a'  and  b'  are  parallel ; 
and  the  same  is  true  of  •  and  /  and  of  d  and  h.  Also,  the  imparted  components, 
a'  and  d',  of  a  and  d  are  parallel,  because  a  and  d  are  applied  to  parallel  planes 
♦nn  and  o$;  and  the  same  is  true  of  c  and  e  and  of  a  and  h. 

♦In  practice  this  is  often  modified  by  the  friction  at  the  surface.    See  Art.  25, 
p.  818  e  and  Art  63,  pp.  354  and  355. 
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RESULTANT  OF  PARALLEL  FORCES. 

Art.  56  (a).    The  resultant  of  anjr  number  of  parallel  forces, 

whether  they  are  in  the  same  plane  or  not.  and  whether  in  the  same  direction 
or  not,  is  parallel  to  them.  If  they  all  act  in  the  same  direction,  whether  in  the 
same  plane  or  not,  their  resultant  is  equal  in  amount  to  their  sum ;  or,  in  other 
words,  an  antiresultant  force  sufficient  to  balance  them,  must  be  equal  to  all  the 
forced  added  together.  But  if  they  are  in  opposite  directions,  their  resultant 
will  be  equal  to  the  difference  between  the  sum  of  those  which  act  in  one  direc- 
tion, and  the  sum  of  those  which  act  in  the  opposite  one ;  and  its  direction  will 
be  that  of  the  greater  sum.  Thus,  in  Fig.  1,  if  the  forces  pointing  to  the  left 
amount  to  10  tons,  and  those  to  the  right  4  tons ;  then  the  resultant  will  be  10  — 
4  =  6  tons ;  and  it  will  point  to  the  left. 

(b).  The  resultant  of  an*  number  of  parallel  forces  In  one 
plane  is  in  the  same  plane  with  them,  whether  the  forces  act  in  the  same 
or  in  opposite  directions ;  and  the  leverages,  or  arms,  of  such  forces,  and  of 
their  resultant,  about  any  given  point  in  the  same  plane,  are  in  one  straight 
line.  Thus,  in  Fig.  18,  p.  847 t,  where  the  five  forces,  a,  6,  e,  d  and  e  are  in  one 
plane,  their  resultant,  R,  is  in  that  same  plane ;  and  the  leverages  of  the  forces, 
and  of  R,  about  any  point,  as  b  or  v,  in  the  same  plane,  are  in  the  straight  line  R  v. 

(c).  The  resultant,  R,  or  anti-resultant  Q,  Fig.  3,  of  two  parallel 
forces,  a  and  6,  In  the  same  direction,  lies  between  them  and  in  the  same 
plane  with  them.  Therefore  its  direction  must  intersect  any  straight  line,  «  v, 
joining  the  directions  of  the  two  forces.  It  follows,  also,  that  if  three  parallel 
forces  are  in  equilibrium,  they  are  in  the  same  plane. 
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To  find  the  position  of  the  resultant,  draw  and  measure  any  straight  line,  u  vt 
Joining  the  directions  of  the  forces.  It  is  immaterial  whether  u  v  is  perpen- 
dicular to  said  directions,  or  not.  The  line  representing  the  resultant  cuts  uo, 
and  its  position  is  found  thus : 

b  a 

ui^uv  Xa  +  b  ;      andvi  — tit;  X  ^-^rj 

In  other  words,  divide  tt  v  into  two  parts,  u  i  and  v  i,  proportioned  like  the 
forces,  but  placed  inversely  to  them ;  that  is,  place  the  longer  part,  v  t,  sn  the  side 
of  the  smaller  force,  6,  and  vice  versa. 

Remark.  This  may  be  conveniently  done  by  making  u  v  equal,  by  any 
convenient  scale,  to  the  sum  of  the  forces,  as  in  Fig.  4,  where  u  v  —  42.  Then 
make  u  i  equal,  by  the  same  scale,  to  the  force  at  v,  or  v  i  equal  to  the  force  at  u. 


Then  a  line,  R.  Fig.  8,  drawn  through  i  parallel  to  «  and  6,  gives  the  position 
and  direction  of  their  resultant ;  and  its  amount  is  equal  to  the  sum  of  a  and  6  ; 

In  other  words,  if  a  force,  Q,  parallel  and  In  the  opposite  direction  to  a 
and  b,  and  equal  to  their  sum,  be  applied  to  the  body  anywhere  in  a  line 
passing  through  i,  it  will  balance  a  and  6,  or  will  be  their  anti-resultant. 


FORCE  IK   RIGID  BODIES. 


3476 


This  rule  for  the  position  of  the  resultant  follows  from  the  principle  of  mo- 
ments explained  in  Arts.  46,  etc.,  pp.  335,  etc.  For,  in  order  that  Q  may  balance 
a  and  6,  we  must  not  only  have  Q  equal  to  the  sum  ef  a  and  6,  but  the  opposite 
moments  of  a  and  of  b  about  any  point  in  the  direction  of  Q  must  be  equal , 
or  ui  and  vi  must  be  inversely  as  their  respective  forces,  a  and  b;  ox 
a  :  b  : :  v  i  :  ui ;  so  that  aXui=*b  Xvi- 

If  the  two  forces  are  equal,  their  resultant  R  is  evidently  midway  between  them. 

Sd).  The  foregoing,  as  well  as  some  other  facts  connected  with  parallel  forces. 
11  be  more  readily  recalled  to  mind  by  associating  them  with  the  idea  of  th« 
common  steel-yard,  Fig.  5.    Here  the  two  forces,  a  and  fr,  of  Fig.  3,  are 


Fig..6 


wti? 


*-£ 


represented  by  the  two  weights,  a  =  3  pounds  at  u,  and  6  —  1  pound  at  v.  Since 
one  of  these  weights  is  three  times  as  great  as  the  other,  we  knew  (hat  when 
they  are  suspended  at  distances,  u  t  and  v  i  (which  are  as  1  to  3)  from  the  fulerum 
i,  they  are  balanced  by  their  anti-resultant,  Q,  which  is  equal  to  their  sum 
=  3  + 1  =,  4.  q  hits  precisely  the  same  tendency  to  pull  the  steel-yard  upward 
that  the  two  weights  have  to  pull  it  downward.  Also,  R  (equal  to  Q,  but  acting 
in  the  opposite  direction)  is  the  resultant  of  the  two  weights.  Its  tendency  to  pull 
the  steel-yard  bodily  downward  when  applied  to  it  at  i,  is  precisely  equal  to  that 
of  the  two  weights  applied  at  u  and  v.  Of  course  their  tendency,  acting  at  u  and 
v,  to  bend  or  break  the  steel-yard,  while  it  is  suspended  at  t,  is  very  different  from 
that  of  their  resultant,  R,  acting  at  ».  Indeed,  the  latter  has  no  bending  ten- 
dency at  all,  since  it  acts  in  the  same  line  with  the  upward-  pull  of  the  string  at  i. 
(e).  If  fnere  are  more  titan  two  parallel  forced,  as  a,  &  and  c,  Fig. 
6,  w  nether  in  the  same  plane  or  not,  the  process  for  finding  the  resultant  consists 
in  a  mere  repetition  of  that  in  Art.  66  (c). 


««6* 


Ft*.  6 


Thus:  between  the  directions  ot  any  two  of  the  forces,  as  a  and  b,  draw  any 
straight  line,  u  vf  and  make 
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Through  i  draw  R',  parallel  to  a  and  6,  and  equal  to  their  sum.  Then  is  R  the 
resultant  of  a  and  ft. 

We  now  regard  the  two  forces,  a  and  6,  as  done  away  with,  and  replaced  by 
their  single  resultant  force,  R';  and  proceed  in  the  same  way  to  find  the 
resultant  of  R'  and  any  third  force  at  pleasure,  as  c  That  is ;  from  any  point 
i,  in  the  direction  of  R',  draw  t  z  to  any  point,  z,  in  the  direction  of  c,  and  make 

ii  —  iz  X  c  .  jy  J  or  z*  —  *z  X  c  4.  jy  .     Through  A;  draw  R  parallel  to  o,  6 

and  c,  and  equal  by  scale  to  their  sum.    Then  is  R  the  resultant  of  the  three 
forces,  a,  6  and  c.    If  there  are  other  forces,  proceed  in  the  same  way  with  them. 

Remark  1.  It  is  quite  immaterial  in  what  order  the  forces  are  taken.  Indeed, 
we  may,  if  preferred,  find  first  the  resultant  of  any  two  or  more  of  the  original 
forces ;  then  that  of  some  other  two  or  more  of  them ;  and  then  that  of  these 
two  resultants,  etc.,  etc. ;  in  short,  we  may  proceed  in  any  desired  order,  pro- 
vided each  of  the  original  forces  is  taken  once,  and  only  once,  in  finding 
the  resultant. 

Rekark  2.  In  Fig.  6  we  have  shown  the  forces,  a  and  c,  acting  upon  surfaces 
raised  above  the  general  plane,  merely  in  order  to  illustrate  the  fact  that  it  is 
not  at  all  necessary  that  the  forces  be  supposed  to  act  upon  or  against  a  plane 
surface.  See  also  Fig.  2.  This  is  a  consequence  of  the  principle  stated  in  Art. 
25(A),  p.  8 18  g;  namely,  that  the  effect  produced  upon  a  rigid  body  by  an  imparted 
force  remains  the  sama.  no  matter  at  what  part  of  the  body  it  be  imparte  J,  so 
long  as  that  point  is  in  the  line  of  direction  of  the  force.  But  unless  the  surfaces 
to  which  parallel  forces  are  applied  ara  parallel,  the  imparted  components  of 
the  forces  (i.  e.  their  tendencies  to  move  the  body)  will  not  be  parallel.  See 
Art.  25,  p.  818  e,  also  Art.  55  (ft.)  p.  817. 

Remark  3.  Although  Fig.  6  serves  to  illustrate  the  method  of  finding  the 
resultant  of  parallel  forces,  yet  it  plainly  does  n  >t  give  the  actual  .relative  posi- 
tions of  the  forces  and  their  resultant;  because  it  is  necessarily  drawn  in  a  kind 
of  perspective,  and  therefore  all  the  parts  cannot  be  measured  by  a  scale.  The 
true  relative  positions  may  of  course  be  represented  in  plan,  as  by  the  five  stars,  a, 
ft,  c,  i  and  k,  Fig.  7,  corresponding  to  the  points  where  the  forces  and  resultants 
intersect  some  one  chosen  plane.  But  it  is  now  impossible  to  represent  the 
forces  themselves  by  lines.  They  must  therefore  be  stated  in  figures,  as  is  here 
done.    It  is  then  easy  to  find  the  positions  of  the  resultants,  as  before. 

If  there  are  also  forces  acting  In  the  opposite  direction,  as  d  and  e, 

Fig.  6,  find  their  resultant  separately,  in  precisely  the  same  way.  We  thus  obtain, 
finally,  two  resultants  in  opposite  directions.  These  resultants  may  be  equal  or 
unequal,  and  in  the  same  line  with  each  other  or  not.  They  are  to  be  treated 
in  accordance  with  the  following  principles. 

(t).  Parallel  forces  In  opposite  directions.  If  two  forces  are  in  the 
same  straight  line,  then  their  resultant  is  in  that  same  straight  line  with  them. 
If  they  act  in  the  same  direction,  their  resultant  is  equal  to  their  sum.  If  they 
act  in  opposite  directions,  it  is  equal  to  their  difference.  Hence,  if  the  two  forces 
ore  equal  and  opposite,  they  have  no  resultant.  When  they  are  unequal,  we 
may  regard  the  smaller  force  as  merely  diminishing  the  amount  of  the  larger 
o.ie;  and  the  resultant  as  being  simply  what  is  left  of  the  larger  force  after 
such  diminution. 
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COUPLES. 

Art.  56  (g).  Couples.  Two  equal  parallel  forces,  a  and  6,  Figs.  8,  9  and  10, 
imparted  to  a  body  in  opposite  directions,  but  not  in  the  same  straight  line,  are 
called  a  couple.  A  couple  has  no  tendency  to  move  the  body  as  a  whole  in  any 
straight  line ;  in  other  words,  the  two  forces  forming  a  couple  have  no  resultant 
Their  only  tendency  is  to  make  the  body  revolve  about  its  center  of  gravity,  G, 
and  in  the  plane  in  which  the  two  forces  lie. 


a 
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Fig.  io 


If  the  plane  of  the  forces  is  oblique  to  the  surface  against  which  they  act,  the 
actual  plane  of  rotation  of  the  body  (which  is  always  the  plane  of  the  imparted 
forces  of  the  couple)  will  be  oblique  to  that  of  the  forces  as  applied.  See  Art. 
25,  p.  318  «  and  Art.  65  f  6),  p.  347. 

In  order  to  simplify  the  treatment  of  the  subject,  we  shall  confine  ourselves  to 
eases  where  the  center  of  gravity,  G,  and  any  forces  besides  those  of  the  couple, 
lie  in  the  same  plane  with  the  forces  of  the  couple.  If  the  center  of  gravity  is 
not  in  the  plane  of  the  couple,  the  tendency  to  rotation  will  still  be  about  an  axis 
passing  through  the  center  of  gravity. 

(h).  The  moment  of  a  couple.  To  find  the  amount  of  the  revolving 
tendency,  or  "moment"  of  the  couple,  we  may  multiply  each  force;  separately, 
by  its  leverage  about  the  eenter  of  gravity,  G ;  t.  e.,  by  the  shortest  distance  from 
G  to  the  line  of  direction  of  the  force.  The  product  thus  obtained  is  the 
moment  of  that  force  about  G ;  and  the  moment  of  the  couple  is  the  sum 
of  these  two  moments  of  the  separate  forces.  In  finding  said  sum,  it  is 
important  to  bear  in  mind  that  if  the  positions  of  the  two  forces  are  (as  in 
Fig.  9)  such  that  they  tend  to  make  the  body  revolve  in  opposite  directions  about 
the  center  of  gravity,  G,  then  one  of  them  must  be  regarded  as  negative  or  minus ; 
so  that,  in  such  cases,  the  sum  of  the  two  moments  becomes  their  arithmetical 
difference. 

Thus,  in  Fig. 8  both  forces  tend  to  turn  the  body  about  G  in  a  "right-handed" 
direction  (as  the  Fig.  is  viewed)  or  like  the  hands  of  a  watch ;  and 

moment  of  couple  -=aXGtt  +  &XGt>       =  a  X  t*  v. 

But  in  Fig.  9,  while  the  moment  of  a  about  G  is  right-handed,  as  before,  that 
of  b  is  in  the  opposite  direction,  or  left-handed.    Hence,  in  Fig.  9, 


moment  of  eouple 


a  X  Gt*  +  (—  b  X  Gv) 
oXGtt-  6  X  Gt>       —  a  X  ut>. 


In  Fig.  10,  one  of  the  forces,  6,  acts  through  G,  and  hence  has  no  moment  about 
K.    In  this  case,  therefore, 

moment  of  couple  =»  a  X  Gu       -=  a  X  t*  v. 

It  will  be  noticed  that  in  all  three  cases  (Figs.  8, 9  and  10)  the  moment  of  the 
couple  remains  the  same,  (=  a  X  «*  v)  no  matter  how  its  forces  are  situated  with 
reference  to  the  center  of  gravity,  provided  their  amounts,  and  theiT  distance 
apart  remain  the  same.  The  moment  of  any  couple  is  usually  stated,  for  con- 
venience, in  the  last  named  way ;  namely,  as  being  equal  to  the  product  of  either 
one  of  the  two  equal  forces  multiplied  by  tne  perpendioular  distance  between  the 
forces.    Or  (in  our  figures) 

moment  of  eouple  —  a  X  uv       —  6  X  «  v. 

(I).  Since  a  couple  has.  no  resultant  (Art.  56  a)  it  can  have  no  a«  ft-resultant, 
i  r.  no  stnifle  tore*  can  balance  a  couple.  To  do  this  requires  a  second 
couple  whose  moment  is  oqual  to  that  of  the  first  and  in  the  contrary  direction : 
but  it  is  not  pecessary  thaj  the/oree*  of  the  second  couple  should  be  either  equal 
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or  parallel  to  those  of  the  first.  Thus,  in  Fig.  11,  let  a  and  b  be  each  —  3  pounds, 
ana  uv-6  feet.    Then  the  fc/l-handed  moment  of  a  and  6is=-oX«v-«3X 


6  =*  18  foot-pounds.  Now,  if  c  and  d  are  each  =-  9  pounds,  and  if  «x  —  2  feet> 
then  the  rtqrat-handed  moment  of  c  and  dis  =  cX«7x  =  9X2  =  18  foot-pounds. 
Therefore  it  just  balances  the  moment  of  the  first  couple,  a  and  6.  If  we  were 
to  find  the  resultant  of  either  non-parallel  pair  of  the  forces,  as  a  and  d,  by 
Art.  28,  p.  319,  and  then  that  of  the  other  pair,  b  and  c,  these  two  resultants  would 
be  in  one  straight  line,  and  equal  and  opposite  to  each  other ;  in  other  words, 
the  four  forces,  n.  b,  c  and  dt  have  no  resultant. 

(Is).   A  couple  and  a  third  force  in  the  same  plane,  Figs.  12, 13  and  14. 

It  will  be  noticed  that  the  case  of  two  unequal  parallel  forces  la 
opposite  direction*,  as  a  and  (6  +  c),  Fig.  13,  is  merely  a  special  case  of  this. 
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Fig.  14 


In  Art.  56  (h)  we  have  seen  how  to  find  the  effect  of  the  couple.  We  have  now 
to  find  that  of  the  third  force. 

In  the  first  place,  the  third  force  c  will  move  the  body  in  a  straight  line; 
xgimely,  the  line  in  which  the  force  c  acts. 

In  the  second  place,  if  the  third  force  does  not  act  through  the  center  of 
gravity,  its  moment  about  that  center  will  affect  the  rotation  ofthe  body,  aiding 
or  opposing  the  moment  of  the  couple,  according  as  it  acts  in  the  same  or  in  the 
contrary  direction. 

Whether  the  third  force  be  parallel  to  the  forces  of  the  couple,  as  in  Figs.  12 
and  13,  or  oblique  to  them,  as  in  Fig.  14,  if  its  moment  about  the  center  of  gravity 
of  the  body  is  equal  and  opposite  to  the  moment  of  the  couple,  it  will  counteract 
the  tendency  to  rotation.  The  resultant  of  the  three  forces  will  then  act  through 
the  center  of  gravity  of  the  body,  and  move  it  in  its  own  straight  line  without 
rotation :  and  said  resultant  will  be  equal  and  parallel  to  the  third  force. 

Thus,  if,  in  Fig.  14  a,  an  upward  force,  equal  and  opposite  to  a.  be  applied  in  the 
same  straight  line  with  it,  said  third  force  will  balance  a,  and  the  body  will  move 


Fig.  14« 

upward  under  the  action  of  &  (which  thus  becomes  the  resultant  of  the  three 
forces)  acting  through  the  center  of  gravity,  O.  of  the  body.  The  rotation  will 
similarly  be  prevented  if  an  upward  force  leu  than  a  be  applied  further  from  G 
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than  a  is,  and  beyond  a ;  or  if  an  upward  force  greater  than  a  be  applied  between 
G  and  a,  provided  the  moment  of  said  third  force,  about  G,  be  equal  and  contrary 
to  that  of  a.* 

In  other  words,  if  a  force  c,  Fig.  14,  act  upon  a  body  in  any  direction  not 
passing  through  its  center  of  gravity,  and  if  we  apply  to  the  body  any  couple, 
as  a  and  fr,  having  a  moment  equal  and  contrary  to  the  moment  of  said  force 
about  the  center  of  gravity  of  the  body,  the  effect  of  the  couple  will  merely  be 
to  transfer  said  force  (as  it  were)  to  the  center  of  gravity  of  the  body. 

And,  in  general,  if  any  single  force,  c,  Fig.  14,  act  upon  a  body,  and  if  any 
couple,  as  a  and  6,  be  then  applied  to  the  body,  the  effect  of  the  couple  will 
merely  be  to  shift  the  line  of  action  of  the  force,  e,  to  another  position  parallel 
to  its  actual  one.    The  distance  through  which  c  will  be  thus  Bhifted  is 

...  moment  of  couple 

distance  — ^ —  • 

force,  c 

If  the  moment  of  the  couple  is  feft-handed,  as  in  Fig.  14,  the  force  c  will  bt 

Bhifted  towards  the  right  (looking  in  its  own  direction)  and  vice  versa. 

(1).  To  And  tile  resultant  B  Fig.  15,  of  two  unequal  parallel 
force*,  a  and  6,  la  opposite  direction*,  but  not  in  the  same  straight  line. 
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Starting  from  any  point,  as  «,  in  the  line  of  the  smaller  force,  a,  draw  any 
straight  line,  urn,  intersecting  the  direction  of  the  greater  force,  b,  as  at  v.  The 
amoSnt  of  the  resultant,  R,  is  -  b  -  a.    Its  direction  is  the  same  as  that  of  the 

S eater  force,  6,  and  passes  through  a  point  t,  in  «  w,  the  position  of  which  is 
and  thus : 

b  a 

„»  —  t»t>  X -R- J  or  h-uvXy- 

Through  t  draw  i  o  parallel  to  the  two  forces.  Then  o  is  the  point  of  applica- 
tion of  the  resultant,  R.  The  tendency  of  said  resultant,  either  to  move  the 
body  as  a  whole  in  the  direction  i  Q,  or  to  make  it  revolve  about  its  center  of 
gravity.  G,  is  the  same  as  that  of  a  and  6  combined.  In  other  words,  if  we  sup-, 
pose  R  removed,  then  an  anti-resultant,  Q,  equal  to  R  and  acting  toward  the  left 
in  the  line  Q  t,  would  counteract  both  the  tendency  of  a  and  b  to  move  the  body 
as  a  whole  in  a  straight  line,  and  their  tendency  to  make  it  revolve. 

•But  in  the  first  case  the  upward  resultant  of  the  three  forces  (being  always 
equal  to  the  third  force)  will  be  less,  and  in  the  second  case  greater,  than  b. 
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Art.  57  (a).  Graphic  Method  of  finding  the  point  of  application  of  the 
resultant  of  any  number  of  parallel  forces,  acting  in  the  same  or  in  opposite 
directions.   Let  a,  b  and  c,  Fig.  16,  represent  the  forces  in  their  relative  positions. 
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(The  lengths  of  these  lines  need  not  represent  the  amounts  of  the  forces  by 
scale.)  In  any  convenient  part  of  the  same  sheet  of  paper,  draw  a  straight  line, 
X  Y  Fig.  17,  parallel  to  the  lines  representing  the  forces.  On  X  Y  lay  off  dis- 
tances representing  the  forces  by  any  convenient  scale.  Thus :  beginning  at  a', 
let  a' a  represent  force  a;  b* 6,  force  6 ;  and  d c,  force  c ;  and  so  on,  if  there  are 
other  forces. 

The  line  a'  c  now  evidently  represents,  by  the  chosen  scale,  the  amount  of  the 
required  resultant.  Or,  if  we  suppose  a  line,  c  a' drawn  upward  from  c,  said  line 
will  represent  the  anti-resultant  of  the  forces.  But  this  would  bring  us  again  to 
the  starting  point  a'.  We  should  thus  obtain  a  closed  polygon  (a'abc  a')  of  forces 
in  equilibrium.  (See  Art.  38,  p.  329.)  The  polygon  here  forms  a  straight  line 
because  the  forces  are  all  parallel. 

From  any  convenient  point,  O.  on  either  side  of  X  Y,  draw  lines  Oa',  Oa.eta, 
radiating  to  the  ends  a',  a,  etc.,  of  the  several  vertical  lines  a' a,  b'b,  etc.  The 
point  O  is  called  the  pole. 

Through  any  convenient  point,  as  m,  in  the  direction  of  the  first  force,  a,  Fig. 
16,  draw  8  h  parallel  to  the  first  radial  line  O  «'  Fig.  17,  and  of  indefinite  length. 
From  m  draw  m  n  parallel  to  the  second  radial  line  O  a  and  ending  at  n  in  the 
line  of  direction  of  the  second  force,  b.  From  n  draw  np  parallel  to  O  6,  Fig.  17, 
and  ending  at  p  in  the  line  of  direction  of  the  third  and  last  force,  c.  Through 
p  draw  w  k  parallel  to  O  c  and  intersecting  shini,  which  is  a  point  in  the  required 
resultant.  Therefore,  a  line  R  drawn  through  i  parallel  to  the  given  force*, 
pointing  downward,  and  equal  by  scale  to  the  sum  of  the  forces,  represents  their 
resultant. 

The  result  will  be  the  same,  in  whatever  order  the  forces  be  drawn  in  Fig.  17  *, 
but  it  is  generally  most  convenient  to  let  them  follow  each  other  (beginning  at 
the  top)  in  the  same  order  in  which  their  positions  follow  each  other  in  Fig.  16, 
beginning  either  at  the  left,  as  we  have  done,  w  at  the  right.  If  such  order  is 
not  followed,  see  (d),  p.  347  i. 

(b).  The  principle  of  the  foregoing  process  may  be  explained  as 
follows :  If  a  weight,  equal  to  a,  represented  to  any  scale  by  m  e,  Fig.  16,  were 
suspended  at  m  by  two  ropes  having  the  directions  in  8  and  m  n,  the  pulls  on  those 
ropes  would  (br  the  parallelogram  of  forces,  Art.  32,  p.  823)  be  represented  by 
the  lengths  of  the  lines  m  t  ana  m  u ;  or,  which  is  the  same  thing,  by  u  e  and  m  u. 
But  u  e  and  m  ut  Fig.  16,  are  parallel  respectively  to  0  a'  and  0  a.  Fig.  17 ;  and 
a'  a,  Fig.  17  represents  the  force  a  bv  the  scale  of  that  figure.  Therefore  O  a' 
and  O  a  represent  the  amounts  of  the  components  of  the  force  a  in  the  two 
directions  m  s  and  m  n.  In  other  words,  0  <r  a,  Fig.  17  is  a  triangle  of  forces  in 
equilibrium,  a'  a  representing  the  force  a,  and  On',  On  the  pulls  in  m  8  and  m  n 
respectively.    (We  of  course  assume  the  ropes  to  be  without  weight.) 

In  the  above  paragraph  we  have  supposed  the  rope  m  n  to  be  made  fa*t  at  n.  If 
now,  instead  of  this,  we  attach  to  it,  at  n,  a  third  rope,  n  p,  and  hang,  at  n,  a  sec- 
ond weight,  equal  to  b ;  then,  in  order  that  the  ropes  m  8  and  m  n  may  remain  in 
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their  former  positions,  the  rope  np  must  be  parallel  to  the  line  O  6,  Fig.  17 ;  for 
there  are  at  u  three  forces  in  equilibrium ;  namely,  (1st)  the  weight  6,  represented 
by  6'  ©,  Fig.  17 ;  (2nd)  the  pull  along  n  m  represented  by  O  bft  Fig.  17  (for,  in  order 
that  the  rope  n  *»  shall  remain  in  equilibrium,  the  pull  upon  it  at  n  must  be  equal  _. 
to  that  at  »*),  and  (3rd)  the  pull  along  np.  The  direction  and  amount  of  this  r 
last  is  (according  to  Rem.  2,  p.  330)  given  by  the  third  side,  O  6,  of  the  triangle, 
0  6' 6,  Fig.  17. 

Similarly,  the  line  0  c  in  the  next  triangle,  O  cfct  Fig.  17,  gives  the  direction 
of  the  rope  p  w,  and  the  amount  O  e  of  the  pull  upon  it,  when  a  third  weight, 
equal  to  e,  is  supported  at  p. 

We  thus  see  that  the  radial  lines  in  Fig.  17  represent  the  inclinations  of  a 
series  of  ropes,  or  of  links  loosely  jointed  at  their  ends,  *  m,  mn,nptpwt  Fig. 
16,  which  would  support  weights  equal  to  a,  o  and  «,  suspended  at  m,  n  and  p 
respectively ;  and  also  the  amounts  of  the  pulls  in  those  ropes. 

The  lines  mn,np,  Fig.  16,  form  what  is  called  a  follicular  polyoma,  or 
polygonal  frame.  If  O,  Fig.  17,  were  placed  upon  the  other  side  of  XY,  the 
position  of  the  broken  line,  mnp,  Fig.  16,  would  be  reversed,  n  being  then  upper- 
most. Said  line  would  then  represent  a  sort  of  arch  of  rigid  bars,  whion,  by 
sustaining  longitudinal  pressure,  would  support  the  weights  in  unstable  equi- 
librium (see  Art.  59  c,  p.  348).  The  figure  so  formed  is  called  a  linear  arch* 
The  position  of  the,  resultant  is  of  course  the  same  in  both  cases. 

In  practice  the  ropes  m  8  and  p  to  would  transmit  their  pulls  to  some  firm  sup- 
ports, as  walls,  at  their  ends,  «  and  v>.  But  it  would  be  possible  (theoretically) 
to  support  tneir  pulls  by  means  of  two  rigid  struts.  #t  and  iu,  placed 
respectively  in  the  same  lines  with  the  ropes  and  flexibly  Jointed  at  t.  If  then 
at  %  we  were  to  apply  sa  upward  force  equal  to  the  sum  of  the  three  downward 
forces,  a,  b  and  <",  it  would  evidently  maintain  the  whole  system  in  equilibrium. 
For,  if  the  force  c  a' Fig.  17  (equal  by  scale  to  the  anti-resultant  of  a,  6  and  c,  Fig.  16) 
be  resolved  in  the  directions  O  a',  O  c,  of  the  two  struts, «  i  and  i  u\  the  pushes  in 
those  struts  will  be  represented  by  the  lines  Oo'  and  eO.  They  will  thus 
exactly  balance  the  pulls  of  the  ropes,  m  $  and  p  to. 

We  thus  see  that  i  is  a  point  in  tne  line  of  the  anti-resultant  of  the  three  for- 
ces, a,  b  and  c.    Hence  it  is  also  a  point  in  the  line  of  their  resultant,  R. 

By  choosing  other  positions  for  the  pole,  O  Fig.  17,  we  may  obtain  an  indefi- 
nite number  of  different  arrangements  of  the  ropes  and  struts  in  Fig.  16.  For 
instance,  if  O  were  opposite  to  a',  the  line  8  A,  drawn  through  m,  Fig.  16,  would  be 
horizontal,  and  all  the  other  lines  in  Fig.  16  would,  like  the  corresponding  lines 
in  Fig.  17,  incline  upward  from  left  to  right ;  and  the  point  p  would  be  much 
higher  than  m. 

If  we  suppose  the  body  to  be  upheld  by  two  supports,  placed  one  under  each 
of  the  end  forces  a  and  e,  then  a  line  drawn  from  O,  Fig.  16,  parallel  to  m  »,  will 
divide  the  line  a'  c  into  two  segments  proportioned  like  the  upholding  forces. 
See  Arts.  57  (c)  and  (/.) 

Thus,  if  O  be  placed  at  such  a  height  that  a  horizontal  line  drawn  from  it  to 
a'  c  divides  the  latter  into  two  segments  proportioned  like  the  pressures  on  the 
two  supports,  then  m  and  p.  Fig.  16,  will  be  in  the  same  horizontal  line. 

If  O  oe  placed  at  a  great  distance  from  X  Y  (compared  with  the  length  of  a'  o 
then  the  lines  of  the  funicular  polygon  in  Fig.  16  will  be  nearly  horizontal,  and 
will  represent  a  system  of  ropes  in  which  the  stresses  are  very  great,  as  indicated 
by  the  great  length  which  the  radial  lines  O  a'  etc..  Fig.  17,  would  then  have. 

But  the  position  of  the  resultant  is  not  affected  by  the  position  chosen  for 
O,  provided  the  drawing  is  correctly  done.  But  if  any  of  the  angles  in  Fig.  16 
become  very  acute,  it  is  difficult  to  find  their  exact  intersections,  and  we  are  thus 
more  liable  to  error. 

(e).  Figs.  18  and  19  represent  a  case  where  there  are  forces  acting  In 
opposite  directions.  In  order  to  avoid  crowding  the  figure  of  the  polygon 
of  forces,  Fig.  19.  we  omit  the  letters  («r\  &',  &,  etc.)  at  the  beginnings  of  the  verti- 
cal lines,  a'  a,  {/o,  etc.,  and  show  only  those  (a,  b,  etc.)  at  their  ends. 

The  principle  and  process  are  here  the  same  as  in  Figs.  16  and  17 ;  but  in  draw- 
ing the  polygon  of  forces,  Fig.  19,  care  must  be  taken  to  lay  off  each  force  in  its 
proper  direction.  The  arrows  shown  on  the  left  of  the  polygon  will  enable  the 
reader  to  follow  more  readily  the  order  in  which  tho  forces  are  drawn  in  this  case. 
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Thus,  lines  a  and  6,  Fig.  19,  (downward)  represent  the  downward  forces,  a  and 
6,  Fig.  18;  then  c  (upward),  the  upward  force  c;  then  again  d  (downward),  the 
downward  force  d ;  and,  finally,  e  (upward),  the  upward  force  e.  Then  the  line 
e  X,  which  would  be  required  to  close  the  polygon,  represents  the  anti-resultant 
of  the  live  forces,  as  did  the  whole  line  c  a/]  Fig.  17,  where  all  the  forces  were  in 
the  same  direction. 
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It  will  be  noticed  that  in  Fig.  18  the  resultant,  R,  owing  to  the  positions  and 
amounts  of  the  several  forces,  falls  outside  of  the  system  of  given  forces,  as  was 
the  case  also  in  Fig.  16. 

(d).   In  drawing  the  funicular  polygon,  mnp,  ete^  Figs.  16  and  18, 

the  following  rule  must  be  observed : 

The  two  lines  of  the  funicular  polygon,  Figs.  16  and  18.  which  end  at  the  line 
of  direction  of  any  given  force,  must  be  drawn  parallel  to  those  radial  lines 
(Figs.  17  and  19)  which  extend  from  O  to  the  ends  of  that  segment  which  repre- 
sents said  force.  Thus,  in  Fig.  18,  the  two  lines  ending  in  the  line  of  the  force 
o,  are  4  m  and  n m,  parallel  respectively  to  OX  and  Oa,  Fig.  19,  which  meet  the 
ends  of  line  X  a  representing  the  force  a ;  and  the  two  lines  ending  in  the  line 
of  c,  Fig.  18,  are  np  and  op,  parallel  respectively  to  O  b  and  O e,  Fig.  19,  which 
meet  the  ends  of  vertical  line  b  e  representing  the  force,  e. 


(e).  Graphic  resolution  of  parallel  forces.  In  the  foregoing 
we  have  shown  how  to  find,  graphically,  the  resultant  of  a  number  of  given 
narallel  forces.  We  will  now  give  directions  for  resolving  a  given  force  (such  as 
the  resultant  of  a  number  of  forces)  into  two  parallel  component*.  The  process 
Is  of  course  merely  a  reversal  of  that  already  given. 

For  instance,  suppose  Fig.  20  to  represent  a  beam  bwlni  a  •*»«>«  ©•»? 
eentrated  load,  a,  elsewhere  than  at  its  center ;  and  let  it  be  required  to  find 
the  pressure  on  each  of  the  two  supports,  to  and  x. 
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Draw  X  a,  Fjg.  21,  to  represent  the  load  a  by  scale,  and  lines  X  O,  a  Ol  to  any 
point  O  not  in  the  line  X  a.  In  Fig.  20  draw  i  s  and  i  r.  parallel  respectively  to 
O  X  and  0  a.  Join  r  8,  and  in  Fig.  21  draw  O  w  parallel  to  r  «.  Then  the  two 
segments,  w  a  and  X  w,  of  X  a,  give  by  scale  the  pressures  upon  the  two  abut- 
ments, w  and  x  respectively.  The  greater  pressure  will  of  course  be  upon  the 
abutment  nearest  to  the  load ;  but  we  may  be  guided  also  by  remembering  that 
the  segment  X  w  adjoining  the  radial  line  O  X  in  Fig.  21  represents  the  pressure 
on  that  abutment  {x  Fig.  20)  which  pertains  to  the  line  i  8  parallel  to  O  X ;  and 
vice  versa. 

(f).  When  there  are  two  or  more  load*  upon  the  beam,  as  in 
Fig.  22 ;  proceed  as  in  Art.  57  (a)  with  the  loads,  a,  6  and  c,  obtaining  the  funicular 
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polygon,  m  npt  Fig.  22.  This  would  give  us  the  position  of  the  resultant  of  the 
hree  loads,  passing  through  i ;  but  we  are  not  now  concerned  to  know  this. 
Prolong  im  and.  ip  upward  to  intersect  the  lines  of  the  reactions  of  the  abut- 
ments, x  and  to,  in  «  and  r  respectively.  In  Fig.  23  draw  O  w  parallel  to  r  s,  Fig. 
22.    Then  X  w,  Fig.  23,  gives  the  pressure  upon  x,  and  w  c  that  upon  w. 

(sx).  If  ttte  parallel  forces,  as  a,  &  and  c,  Fig.  24,  are  In  different  planes, 

first  find  their  protections,  a',  1/  and  d  upon  any  plane,  as  x ;/,  parallel  to  them,  and 
then  their  projections,  a",  b"  and  c",  upon  a  second  plane,  x  v,  parallel  to  them  and 
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at  right  angles  to  the  first.  Next  apply  the  process  of  Arts.  57  (a)  and  (e),  to  the 
projections,  a',  6'  and  </,  upon  one  of  these  planes,  x  t/,  and  then  to  those,  a",  b"  and 
a",  on  the  other;  thus  obtaining  two  resultants,  R'  and  R",  one  upon  each  of  the 
two  planes.  Now,  as  the  lines  a',  &',  c',  and  a",  6",  e",  are  the  projections  of 
the  forces,  a,  b  and  c,  so  R',  R",  are  the  projections  of  the  actual  resultant, 
R,  of  the  forces.  The  position  of  R  is  therefore  at  the  intersection  of  two  planes, 
RR'  and  RR",  perpendicular  to  the  planes,  x  y  and  x  v,  and  standing  upon  the 
projections  R'  and  R",  of  the  resultant,  R. 
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CENTER   OF   PRESSURE. 

A.rt.  58  (a).  Center  of  pressure.  That  point  through  which  the  direc- 
tion of  a  single  anti-resultant  force  must  pass,  in  order  to  balance  several  parallel 
forces  acting  at  different  points ;  or,  in  other  words,  that  point  through  which 
the  direction  of  ihe  resultant  of  those  forces  must  pass,  is  called  their  center  of 
pressure,  or  of  force. 


Wi*.  S5 


For  instance,  let  S,  Fig.  25,  be  a  common  wooden  box ;  but  having  one  side,  as 
o  o,  loosely  fitted,  so  as  barely  to  allow  of  pushing  it  backward  and  forward.  Pill 
the  box  with  dry  sand,  (clean  small  gravel  will  be  better)  and  it  will  be  found 
that  there  is  but  one  single  point,  t,  at  which  we  can,  by  holding  to  it  a  thin 
rod  r  i,  balance  the  pressure  of  the  gravel  against  the  opposite  side  of  o  o.  If 
we  apply  the  rod  at  any  other  point,  o  o  will  give  way  before  the  sand ;  thus,  if 
the  rod  is  held  above  i,  the  bottom  of  oo  will  be  pushed  outward;  if  held 
below  %  the  top  of  o  o  will  move  outward.  This  point » is  distant  above  the  bottom 
of  the  sand  one-third  of  the  depth  of  the  sand:  in  other  words,  the  center 
of  pressure  of  sand  of  any  depth  is,  like  that  of  water,  at  one-third  of  that  depth 
from  the  bottom.  In  the  case  before  us,  the  depth  is  supposed  to  be  uniform,  so 
that  the  center  of  pressure  is  at  the  same  height  above  the  bottom,  clear 
aeross  the  box. 

Now  the  balancing  force  applied  through  the  rod  at  t,  is  the  anti-resultant  of 
all  the  pressures  resulting  from  the  several  particles  of  gravel  against  the  oppo- 
site side  of  oo ;  and  its  effect  upon  the  rigid  body  o o,  (omitting  of  course  any 
tendency  to  bend  or  break  it,  which  comes  under  the  head  of  Strength  of 
Materials,)  is  precisely  the  same  as  that  of  all  those  forces  combined ;  except 
that  it  is  in  the  opposite  direction.  Its  tendency  to  push  o  o  bodily,  or  as  an 
entire  mass,  toward  the  right  hand,  is  precisely  the  same  as  that  of  the  gravel 
to  push  it  to  the  left  hand ;  or  it  is  the  same  as  would  result  were  we  to  heap  up 
sand  in  front  of  oo,  so  as  to  balance  the  sand  behind  it. 

Remark.  It  is  this  important  principle  of  the  center  of  pressure,  that  enables 
us  to  adopt  the  convenient  practice  of  representing,  by  a  single  line,  the  effect 
of  force  actually  distributed  over  a  considerable  surface.  Thus,  in  Fig.  52,  p. 
342  the  horizontal  force  h  a,  by  which  each  half  of  the  arch  mutually  prevents 
the  other  half  from  falling,  is  actually  distributed  over  an  area  whose  depth  is 
the  depth  cj  of  the  keystone;  and  its  breadth,  that  of  the  whole  bridge,  as 
measured  across  the  roadway.  Yet  the  arrow  h  a,  when  drawn  to  a  scale,  per- 
fectly represents  the  effect  of  this  distributed  force  in  upholding  the  half  arch, 
considered  as  an  entire  rigid  mass.  So  ffcr  as  regards  splitting  or  cracking  the 
stone  immediately  at  a,  the  effects  would  of  course  be  different ;  but  as  the  whole 
force  is  only  supposed,  for  convenience,  to  be  applied  at  a,  this  difference  is 
merely  ideal  in  this  instance.    See  Arts.  5  and  8,  pp.  226, 227. 
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(b).  Transverse  atresoes.  Caution.  It  may  be  well  here  to  direct  par- 
ticular attention  to  the  fact  that  the  tendency  of  a  number  of  forces  to  ©VikJ 
a  body,  or  break  it  transversely,  like  a  beam,  may  be  very  different  from  that  of 
their  several  resultants,  applied  at  their  centers  of  force.  Thus,  in  Fig.  3,  p.  347  a, 
so  far  as  regards  either  moving  the  body  to  the  left  against  the  force  Q.  or  causing 
compressive  stresses  in  their  own  direction,  in  the  body  as  a  whole,  it  is  imma- 
terial whether  we  employ  the  two  parallel  forces,  a  and  o,  or  their  single  resultant 
R,  equal  to  their  sum  and  acting  at  their  center  of  force,  opposite  Q.  But  it  is 
plain  that  a,  6  and  Q  would  tend  to  bend  or  break  the  body  transversely,  while 
R  and  Q  would  not. 


(c).  An  absolutely  rigid  horizontal  beam  s  s.  would  sustain  any  amount  of 
load  I,  without  bending ;  and  consequently  would  always  press  vertically  upon 
its  upright  supports  u,  u,  without  any  tendency  to  press  them  sideways.  But 
an  actual  beam  n  n.  it  overloaded,  will  bend ;  thereby  generating,  at  its  ends, 
forces  which  are  not  vertical,  but  which  tend  to  overthrow  the  supports  1 1. 
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CENTER  OF  GRAVITY. 

Art.  59  (a).  In  Fig.  1  the  upward  pull  in  the  string  n  (as  shown  by  the 
spring  balance)  represents  the  anti-resultant  of  the  parallel  downward  forces 
of  gravity  acting  upon  the  innumerable  separate  particles  of  the  body  W. 


When  a  body  thus  acted  on  by  gravity  is  kept  at  rest,  or  balanced,  as  in  th* 
figure,  then  the  direction  of  the  resultant  or  anti-resultant,  or  of  the  string  in 
tho  figure,  passes  through  a  certain  point,  called  the  center  of  gravity  of 
the  body.  Upon  this  point,  the  body,  when  acted  upon  by  gravity  alone,  will 
balance  itseli,  in  whatever  position  it  may  be  placed;  and  if  the  entire  weight 
or  gravity  of  the  body  could  be  concentrated  into  that  single  point,  its  tendency 
to  move  the  entire  rigid  body  would  remain  precisely  the  same  as  it  actually 
is  with  the  gravity  diffused  throughout  the  entire  mass. 

(b).  In  some  bodies,  such  as  the  cube,  or  other  par- 
allelopiped,  the  sphere,  etc.,  the  center  of  gravity  is 
also  the  center  of  the  weight  of  the  body ;  but  very  fre- 
quently this  is  not  the  case.  Thus,  in  a  body  a  be, 
Fi§.  2,  with  its  center  of  gravity  at  c.  there  is  more 
weight  on  the  side  a  c,  than  on  the  side  c  b. 


(c).  If  a  body  W,  Fig.  1,  suspended  freely  from  any 
point  n,  is  at  rest,  its  center  of  gravity  is  directly  SHff.  2 

under  said  point.    If  the  body  W  be  pushed  a  little 

to  one  side,  and  then  left  to  itself,  it  will  plainly  tend,  under  the  acifcm  of 
gravity,  to  swing  back  to  its  first  position;  and  when  this  is  the  case,  it  is  said 
to  be  in  stable  equilibrium.  But  if  the  body,  instead  of  being  suspended,  be 
balanced  on  top  of  a  slim  rod,  and  if  we  then  push  it  a  little  to  one  side,  it  will 
not  tend  to  return,  but  will  fall  over;  and  therefore  the  equilibrium  of  a  body 
so  balanced  is  said  to  be  unstable.  Again,  in  such  cases  as  that  of  a  grindstone 
supported  by  its  horizontal  axis  passing  through  its  center  of  gravity,  or  of  a 
sphere  resting  upon  a  horizontal  table,  if  we  cause  it  to  revolve  a  short  distance, 
stop  it,  and  then  leave  it  to  itself,  it  will  have  no  tendency  either  to  return,  or 
to  resume  its  revolution;  and  its  equilibrium  is  called  indifferent 


(d).  GENERAL  RULES. 

The  following  general  rules  (1)  to  (6),  form  the  basis  of  the  special  rules, 
fT)  to  (39). 

In  speaking  of  the  center  of  gravity  of  one  or  more  bodies,  we  shall  assume, 
for  simplicity,  that  they  are  homogeneous  (t.  e»  of  uniform  density  throughout) 
and  of  the  same  density  with  each  other.  The  center  of  gravity  is  then  the 
same  as  the  center  of  volume,  and  we  may  use  the  volumes  of  the  bodies  (as  in 
cubic  feet,  etc.)  in  the  rules,  instead  of  their  weights,  (as  in  pounds,  etc.) 

In  applying  these  general  rules  to  surfkees,  use  the  areas  of  the  surfaces, 
and  in  applying  them  to  lines,  use  the  lengths  of  the  lines,  in  place  of  the 
weights  or  volumes  of  the  bodies. 

In  all  of  the  rules  and  figures,  pp.  349  to  351  A,  G  represent*  the  center  of 
gravity,  except  where  otherwise  stated. 
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(1).  Any  two  bodies,  Fig.  3.  Having  found  the  center  of  gravity,  g.  <r*, 
of  each  body,  by  means  of  the  rales  given  Delow:  then  ©  is  in  the  line  joining 
gmdg';  and 

weight  of  g* 


</6-  gg'  X 


gfG~ggf  X 


sum  of  weights  of  g  and  g' 
weight  of  g 


sum  of  weights  of  g  and  g* 
This  rule  is  based  upon  the  principle  explained  in  Art.  56  (c),  p.  347  «. 

b 


ITig.4 


(9).  Any  number  of  bodies,  as  *»,  b  and  e,  Fig.  4,  whether  their  centers 
of  gravity  are  in  the  same  plane  or  not. 

First,  by  means  of  rule  (l)  find  the  center  of  gravity,  gr,  of  any  two  of  the 
bodies,  as  a  and  b.  Then  the  center  of  gravity,  O,  of  the  three  bodies,  a,  b 
and  c,  is  in  the  line  gg*  joining  g  with  the  center  of  gravity,  g'  of  c;  and 


g<*  =  gg'  X 


weight  of  c 


sum  of  weights  of  a,  b  and  e  ' 

ar^Bai  QQt  y     sum  of  weights  of  a  and  b     . 
sum  of  weights  of  a,  6  and  c 
and  so  on,  if  there  are  other  bodies. 

(3).  In  many  cases,  a  single  complex  body  may  be  supposed  to  be  divided 
into  parts  whose  several  centers  of  gravity  can  be  readily  found.  Then  the 
center  of  gravity  of  the  whole  may  be  found  by  the  foregoing  and  following 
rules.    Thus,  in  Fig.  5,  we  may  find  separately  the  centers  of  gravity  of  the 


<t> 


B*ig.» 


mi&.e 


two  parallelopipeds  and  of  the  cylinder  between  them  (each  in  the  center  of 
its  respective  portion  of  the  whole  solid);  and  in  Fig.  6  the  centers  of  gravity 
of  the  square  prism  and  the  square  pyramid  (the  latter  by  rule  (36),  p.  351  #) : 
and  then,  knowing  in  either  case  the  weights  of  the  several  parts,  find  their 
common  center  oi  gravity  as  directed  in  rules  (1)  and  (2). 

20 
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(4).  Any  hollow  body,  or  body  containing  one  or  more  openings,  Fig.  7. 
Find  the  common  center  of  gravity,  g\  of  the  openings  by  rule  (1)  or  (2),  and 


JTig.  7 


the  center  of  gravity.  gt  of  the  entire  figure,  as  though  it  had  no  openings. 
Then  €*  is  in  the  line  g  g\  extended,  and 

oG-flf/y sum  of  volumes  of  openings 

volume  of  entire  body  —  volumes  of  openings 

f^Q  =.  <7</  y volume  of  entire  body 

volume  of  entire  body  —  volumes  of  openings 

ReMABK.  For  convenience,  we  have  shown  the  several  centers  of  gravity, 
gr,  g,'  G,  upon  the  surface  of  the  figure.  In  the  real  solid  (supposed  to  be  of 
uniform  thickness)  they  would  of  course  be  in  the  middle  or  its  thickness, 
and  immediately  under  the  positions  shown  in  the  figure. 

(5).  In  any  lme,  figure  or  body,  or  in  any  system  of  lines,  figures  or  bodies,  any 
plane  passing  through  the  center  of  gravity  is  called  a"  plane  oi*  gravity" 
for  said  line,  etc.,  or  system  of  lines,  etc.  The  intersection  of  two  such  planes 
of  gravity  is  called  a  "line  of  gravity."  The  center  of  gravity  is  (1st)  the 
intersection  of  two  lines  of  gravity;  (2nd)  the  intersection  of  three  planes 
of  gravity,  or  ■(%*!)  the  intersection  of  a  plane  of  gravity  with  a  line  of  gravity 
not  lying  in  said  plane. 

If  a  figure  or  body  has  an  axis  or  plane  of  symmetry  (t.  a.,  a  line  or  plane 
dividing  it  into  two  equal -and  similar  portions)  said  axis  or  plane  is  a  line  or 
plane  of  gravity.  If  a  figure  or  body  has  a  central  point,  said  point  is  the 
center  of  gravity. 

In  Fig.  1,  p.  348,  the  string  represents  a  line  of  gravity;  and  any  plane  with 
which  the  string  coincides  is  a  plane  of  gravity.  Thus  O  may  often  be  con- 
veniently found,  especially  in  the  case  of  a  flat  body,  by  allowing  it  to  hang 
freely  from  a  string  attached  alternately  at  different  corners  of  it,  or  by  bal- 
ancing it  in  two  or  more  positions  over  a  knife-edge,  etc.,  and  finding  G  in 
either  case  by  the  intersection  of  the  lines  or  planes  of  gravity  thus  found. 

1 
6? 

c 


(6).  Thegrapnte  method  of  finding  the  resultant  of  parallel  forces  (Art 
67  (a),  p.  3470)  may  often  be  advantageously  used  for  finding  the  cerlter  of 

avity  of  a  compound  body  or  figure,  or  of  a  system  of  bodies  or  figures,  when 

e  centers  of  gravity  of  the  several  parts  are  known. 

Thus,  in  Fig.  8,  let -a,  6  and  c  represent  three  figures  or  bodies  whose  centers 
of  gravity  are  in  one  plane.    Draw  vertical  lines  through  said  centers,  and 


deck  beam,  etc.,  the  axis  of  symmetry,  dividing  the  figure,  etc.  into  two  simi- 
lar and  equal  parts,  is  also  a  line  of  gravity,  and  its  intersection  with  the  line 
i  O  already  found  is  the  required  center  of  gravity  O.  In  such  cases'  it  is 
generally  most  convenient  to  draw  the  lines  through  the  several  centers  of 
gravity  perpendicular  to  the  axis  of  symmetry,  so  that  the  line  of  gravity 
found  will  also  be  perpendicular  to  it 

But  if.  as  in  Fig.  8,  the  body  or  figure,  etc.,  is  not  symmetrical,  we  must  find 
a  second  line  of  gravity,  the  intersection  of  which  with  the  first  will  give  the 
center  of  gravity,  O.  To  do  this,  repeat  the  process,  drawing  another  set  of 
parallel  lines  through  the  several  centers  of  gravity,  Fig.  8.  it  will  be  most 
convenient  to  draw  them  horizontally,  or  at  right  angles  to  those  already  drawn, 
and  in  the  following  instructions  we  suppose  this  to  be  done. 
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Then-  draw  a  second  funicular  polygon,  tnfn'p'i',  Fig.  8,  making  thejines, 

aa< 
Then 


Pli, 


— ^Qa 


,     2  //\iw  J&( 

\  ^  /  \j 


\      / 


HUgr-  8 


ITi«.0 


The  drawing  of  the.  second  funicular  polygon  is  often  less  simple  than  that 
of  the  first,  because  in  the  second  the  paralleliines  through  the  several  centers 
of  gravity  do  not  necessarily  follow  each  other  in  the  same  order  as  in  the  first. 
We  must  here  be  guided  by  the  principle  embodied  in  the  rule  in  Art.  57  (d), 

*  li: 
pertaining  to  any  given  pait,  6,  of  the  figure,  must  be  perpendicular 
respectively  to  those  radial  lines  (0«,  06)  which  meet  the  ends  of  the  line, 


p.  347  i.  namely;  that  the  two  lines  (as  n'p',  n'm/)  meeting  in  the  parallel 


ne 


(asonO 


o  b.  that  represents  that  same  part 

Figs.  10  and  11  show  the  application  of  the  same  process  to  an  irregular  fig- 
ore  composed  of  three  rectangles,  a,  6  and  c  The  lettering  is  the  same  as  in 
Fists.  8  and  9;  but  in  Fig.  10  it  happens  that  i'  and  j/  of  the  second  funicular 
polygon  fall  upon  the  same  point 


n' 


t 
c 

i 


*X  4''      I 
\    y  "      v* 


a 


Kig:.  lO 


Eiff.ll 


fc/\/* 


If  the  centers  of  gravity  of  the  several  bodies,  or  of  the  several  parts  of  the 
body,  etc.,  are  in  more  than  one  plane,  we  must  find  their  projections  upon 
certain  planes,  and  apply  the  process  to  those  projections,  upon  the  principle 
explained  in  Art.  57  Q),  p.  347  & 


351a 


FORCE  IN  RIGID  BODIES. 


(e).  SPBCtAI*  RUL.ES. 
LIXVHS. 
(7).  atnUght  line.    G  is  in  the  line,  and  at  the  middle  of  its  length. 
(8).  Circular  are,*  aob.  Figs.  12  and  13  (center  of  circle  at  c).   G  is  in  the 
Uuo  eo  joining  the  center  of  the  circle  with  the  middle  of  the  arc,  an 


€  O  —  radius  ac  X 


chord  a  b 
length  of  arc  aob 


and 
(For  length  of  arc,  see  p.  141). 


Fig.  IS 

(8  a).  If  the  arc  is  a  semi-circle,* 

2 


eO 


radius  a  c  X 


xnig.  13 


radius  a  e  X  0.6366. 


re 


(86).  Approximate  rules  for  distance  «G,  Fig.  12,  from  chord  to  center  of 
•avity. 


gravity, 

If  riso  80  =  .01  chord  a  b;  «G  —  .666  8 o 
=  .10     "        *4 ;    "    ==  .665  «  o 

.15      «         «;     •«    =  .6*3  SO 

.20     «       «*•«=»  .660  s  o 


«  ».  u 

u  ««  « 

«  M  M 

u 


=  .25 


«  —  .657  so 


If  rise  80  —  .80 chord  ab;  sG  —  .663  *  o 
u    «      «  «=  .35     "        ** ;    "    =  .649  8  o 


M 
«i 


—  .40 

—  .46 

=-.60 


u 


4(  . 
I 


« 

(t 


-a  .645  6  O 

—  .641  8  0 

—  .637  8  O 


(9).  Triangle,  a  be,  Fig.  14.  The  center  of 
gravity,  G.  of  its  threo  sides*  is  the  center  of  the 
circle  inscribed  by  a  triangle,  d  «/,  whose  corners 
are  in  the  centers  of  the  sides  of  the  given  triangle. 

(10).  Parallelogram  (square,  rectangle, 
rhombus  or  rhomboid).  The  center  of  gravity 
of  the  four  sides*  is  at  the  intersection  of  the 
diagonals. 

(11).  Circle,  ellipse,  or  regular  polygon. 

The  center  of  gravity  of  the  outline  or  circumfer- 
ence* is  the  center  of  the  figure. 

(19).  Regular  prism 
or  frustram.    The  centei 

In  the  prism,  tho  position  of  Gf is  not  affected  byeither  including  or  excluding 
the  sides  of  both  of  the  polygons  forming  the  ends. 


ar  prism  right  or  oblique,  and  Tight  regular  pvrai 

The  center  of  gravity  of  the  edges  *  is  the  center  of  the 


id, 

axis. 


SURFACES. 

A.  Plane  surfaces. 

We  now  treat  of  the  centers  of  gravity  of  plane  surfaces,  which  may  be 
regarded  as  infinitely  thin  flat  bodies.  The  rules  for  surfaces  may  be  used 
also  for  actual  flat  bodies,  in  which,  however,  the  center  of  gravity  is  in  the 
middle  of  the  thickness,  immediately  under  the  points  found  by  the  rules. 

(13)  Parallelogram  (square,  rectangle,  rhombus  or  rhomboid),  circle, 
ellipse  or  regular  polygon.  G  is  the  center  of  the  figure;  or  the  inter- 
section of  any  two  diameters,  or  the  middle  of  any  diameter.  In  a  Parallelo- 
gram, G  is  tho  intersection  of  the  two  diagonals. 

(14).  Triangle,  Fig.  15.  G  is  at  the  intersection  of  lines  (as  a  e  and  cd) 
drawn  from  any  two  angles,  a  and  c,  to  the  centers,  e  and  d,  of  the  sides,  b  c 

*  We  aro  now  treating  of  lines  only;  not  of  the  surfaces  bounded  by  them. 
For  surfaces,  see  rules  (13),  etc.,  etc. 
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(14o).  Fig. IS.  Or,oneitheroneofthoBides(asoM,rneelmgatanyBngle,n, 
make  ao  —  %ab.  Draw  op  parallel  to  the  other  Bide  at.  ThanoG  —  jj 
up,  and  Q  is  at  the  intersection  of  op  with  any  medial  line,  as  as,  etc. 

(141).   Fig.18.    If  aa'.oi'.cc'andQG'areinediBtancesof  the  three  cor- 
ners and  of  «  from  any  straight  line  or  plane  a'  &;  than 
80"         -Ji(oa'  +  bo-  +  (4 

.  „ position  of  the  line  of  gravity  aG".    In  the  same  way  w* 

is  distance  Q  6"  of  G  from  any  second  line  or  plane,  o"  *".    This  give 

G  C  auSo  G". 

(l*ej.  Ftg.r,.   - - 

(extended  if  necessary)  is  —  %  the  distance  W  b  measured  in  a  parallel  direc- 
tion from  the  same  side  to  the  opposite  angle,  b. 


This  giro 


d  line  of  gravity  GG\    S  is  i 

,  of  O  in  any  ( 


.e  interseoton  of 


It  Billows  from 

a  c)  la  —  H  the  shortest  distan. 
It  follows  also  that p ' 


two  equal  part 

At  •-.•).  "m 

id  is  the  center  of  gravity  of  the  triangle' 


(15a).  Or,  Fig.  19,  find  first 
iglea, c bd andao d,  into  whl 


d,  lay  off  b  a  —  dt  (or  from  d  lay  of 


of  gravity,  m  and  n,  of  the  two  tri- 


351  o 


FORGE  IN  RIGID  BODIES. 


(16)*  Trapezoid  onljr.  Fig.  90.  O  is  in  the  line  ef  joining  the  centers, 
e  and/,  of  the  two  parallel  sides,  a  b  and  c  d.  To  find  its  position  in  said  line, 
prolong  either  parallel  side,  as  a  6,  in  either  direction,  say  toward  i;  and  make 
b  i  equal  to  the  opposite  side,  c  d.  Then  prolong  said  opposite  side,  c  d,  in  the 
opposite  direction,  making  ah  —  ab.  Join  hi.  Then  Q  is  the  intersection  of 
At  and  e/.    Or 


fO 


ef         2ab  -f  cd 
3     X     ab  +  cd 


or    oG 


en 


X 


2ab  -f  cd 
ab  +  cd 


e    n  o/ 

lris.  so 


.1^— * 


(IT).  Regular  polygon.    O  is  the  center  of  the  figure. 

(IT a).  Irregular  polygon.  If  the  polygon  be  divided  into  any  two 
portions,  as  by  any  diagonal,  O  must  be  in  the  line  (of  gravity)' joining  the 
centers  of  gravity  of  those  two  portions.  If  we  again  divide  the  whole  polygon 
into  two  other  parts  by  another  diagonal,  and  join  the  centers  of  gravity  of 
those  two  parts,  €r  is  the  intersection  of  the  two  lines  of  gravity. 

(17b).  Or  we  may  divide  the  polygon  into  triangles,  find  the  center  of 
gravity  of  each  triangle,  by  Rules  (14),  etc.,  and  then  find  G  by  general  Role 
ft),  (2)  or  (6). 


Fi^.-Sl 


(18).  Circular  sector,  aobct  Fig.  21.    (Center  of  circle  at  e). 

~  2  w   chord  a  b  radius*  X  chord 

c  t*  —         —  radius  ac  X r-         -"  xt; -— 

3  arc aob  3X  area 

For  length  of  arc,  see  p.  141. 
(18a).  If  the  sector  is  a  sextant, 

c  O        —  radius  X  —        —  radius  X  0.6M& 

re 


(186).  If  the  sector  is  a  quadrant,  Fig.  22, 
«G  — 

ex  —    x  ©  —    _  radius  X  • 

Q  tr 


—  radius  X    2     —  radius  X  0.6002. 
3         rr 


re 


(18  c).  If  the  sector  is  a  seml-clrcle, 


(6        —  —  radius  X  —  —  radius  X  0.4244 

8  ft* 


14 


—  (approximately)  radius  X  -^=r-  • 
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(19) .  CtreaOar  •capunt,  a  a  b  «,  Fig.  23.    (Center  of  cirole  at  c). 

iB-   laCyb*t?>tet0^1?int   '    (ForBre»°1'wSmBIit'seeP-l4s>- 
(!»«).   If  lh«  »eSnusnt  is  a  aenii-eirole, 

SO        —  —  radius  x —  radiua  X  0.4244 

-=  (approximately)  radius  X  -^r  ■ 


T»0).  Cyelotd,  l'ig.  zt    (Vertex ate). 


add  the  height  or  aii?,  fci,  bd  s.1 
Kiss*.   CenterofBravllyatCl.intt; 


of  gravity  at  G'.and 


xG         =T**;  Of 


if  gravity,  e,  of  the  whole 


p  JTig.  S« 

G  la  the  center  of  gravity  or  the  quarter  ellipse,  out 
O'    "  "         "  "       "   half  f       nop. 


Cv-  ~oe  : 


-  0.4244  oc  —  (approximately}  -jg-  it 
X  —  0.424*  en  —  (approximately)  — 
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(93).  Amy  plane  figure.    Draw  the  figure  to  scale  on  stoat  card-board. 

Cat  it  out  and  balance  it  in  two  or  more  positions  over  the  edge  of  a  table  or 
on  a  knife-edge;  and  mark  on  it  the  several  positions  of  the  supporting  edge. 
Where  these  intersect  is  the  center  of  gravity.  Considerable  care  is  of  course 
necessary  to  obtain  very  close  results  by  this  method.  Before  balancing  the 
card,  its  upper  edges  should  be  marked  off  into  small  equal  spaces.  Otherwise 
it  will  be  difficult  to  locate  the  positions  of  the  supporting  edge.  The  paper 
on  which  the  figure  is  prepared  must  of  course  be  so  stiff  that  the  figure  will 
not  bend  when  balanced  on  the  knife-edge.    See  Rule  (6),  p.  800. 


B.   SURFACES  OF  SOLIDS.* 

(94).  Curved  surface  *  of  sphere  or  spheroid  (ellipsoid).  €1  is  the  center 

of  the  figure. 

(95).  Curved  surface*  of  any  spherical  zone,  as  a  spherical  i    _ 

hemisphere,  etc.,  Figs.  27.    ©is  the  center  of  the  axis  or  height,  a  o.f 

In  the  hemisphere,      o  ©       —  ^  radius-f 


ITig.  87 

(96).  Right  or  oblique  prism,  whose  ends  are  either  regular  figures  (p.  110) 
or  parallelograms  (this  includes  the  cube  and  other  parallelopf  pads})  ana 
right  or  oblique  cylinder  (circular  or  elliptic).  Surface*  (either  including 
both  or  exoluding  both  of  the  two  parallel  ends).  ©  is  the  center  of  the  axis, 
or  line  joining  the  centers  of  the  two  parallel  ends. 

(37).  Curved  surface •+  of  righteone,  Fig.  28  (circular  or  elliptic),  or  slanting 
surfaces*!  of  right  regular  pyramid,  Fig.  29.  ©  is  in  the  axis  oa  (the  line 
joining  the  apex  and  the  center  of  the  base);  and 

In  an  oblique  cone  or  pyramid,  the  perpendicular  distance  of  ©*  from  the 
base  is  one-third  of  the  perpendicular  height,  as  in  the  right  cone  and  pyramid; 
but  does  not  lie  in  the  axis. 


{*8).  Frustums  with  top  and  base  parallel,  Figs.  30  and  8L  Curved  ror- 
rtce*f  of  fiustum  of  right  cone  (circular  or  elliptic);  or  slanting  surfaces +t  of 
frustum  of  right  regular  pyramid.  ©  is  in  the  axis  o  a  (the  Hue  Joining  the 
tenters  of  the  two  parallel  ends);  and  V  J«""g  »• 

0  q  _  J_  0  a  x  circumference  of  o  -f  2  circumference  of  a. 
3  circumference  of  o  -f  circumference  of  a. 


*  We  treat  now  of  the  surfaces  of  solids,  not  of  their  contents  or  volumes  or 
weights.    For  these,  see  Rules  (29),  etc.,  pp.  361/,  etc 

t  If  the  top  or  haae  is  to  be  included,  see  Rules  (I)  and  (2).  p.  348. 


I 
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the  eoals  frausm.  Fig.  30,  we  rany  mo  the  radii  of  lb 
3  fmiliini  of  n  regular  pyramid,  Fig.  31,  Buy  jid 

id  dt)  inswsd  of  the  circumferences. 
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gravity  Is  toe  cent 
()»).  Sphere  and  •ph.rold  (•lllpMld).    O  la  the  < 

n  Hemisphere,  1%.  32.    (Center  of  sphere  at  c). 
is  ill  thoaiis,  cT,  nml 

eO       -|jT       —  j  radius  flh. 

131).  Bpturlca.1  icclor,  Fit?.  S3.    (Center  of  sphere 

iG     —  y  (radlusr.6 ^-). 


vity  of  solids,  the  solid  Is  supposed 
y  throughout;  so  that  the  center  of 


3^       (a" radian  e  b  of  sphere  —  height  «■ 

'  *  Sradlussoof  ipAers  —  height  A 

height.*        2  (radius  m&  of  bam)*  +  (height,  AC 

S!  X  3  (radius  m  b  of  owe)'  +  (height,"  A)» 

height^  A        4  X  radlusj:  b  of  »pfcmi_— height.  A 

4  X  3  x'radiusedof  sphere  —  height,  A  ' 


;of  top)»  +  (height  or?  _ 


33 


and  other  puntlleFopipeda),  and  r 
or  irregular,  right  or  oblique.  O  Is 
of  gravity  of  the  two  ends. 
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ider  or  priam ;  as  a  flat 
■  of  gravity  of  fta  tarface 


(34a).  A  vervahort  cylinder  ur  priam;  as  &  <Ut  Ijodjtiraoh  as  an  iron 

-■'■'  ■  ■■    -  -        '        -*—     [Biilea  13  to  si.    The 

..V  .Tinitv  Df  tin'  !....:! v  is  ill  tin:  miiHlniif  iid  n      ■ 


."(■"  gravity  of  the  l«ly  is  in  tin:  roifHln  o'f  its  tnicknass,  immtd  lately 

Unguis  of  a  cylinder,  circular,  or  elliptic  (provide 
—"-  the  oblique  cutting  plane); 


™K,."°"C" 


-A- 


oblique.  The  . 
the  axia  01,  ( 
top,  T,  to  the  c 


inter  of  gravity  G  la  in 
atar  Of  gravity  fifths 


Jfjk    s^m 


187).  1 
oblique; 


Datum  of  a  cone.  Figs,  42  and  43,  circular  or  elliptic,  right  oi 
r  of  a  pyramid,  regular  or  Irregular,  right  or  obliquo;  provided  the 
Band (JDsre  parallel'. 


the  height  O  Z  of  the  fruaium,  n 
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(37  BV  In  afro* 
ends,  this  becomes 


frustum  of  ■  circular  . 


a,  right  or  oblique,  with  parallel 


where  B  and  r  are  the  radii  of  the  large  am 
respectively. 

(38).    Figs.  44  and  45.     Frustum.    A  H  C  T)    . 

rt.-.,  r:i>)it  or  ohiifjm':  ci  ui 

ft-UBBim  fo 
pyramid  0] 


tho  frustum 

uliir,  elliptic. 


;  orofapjirjunld,  rsKuisror  ii-reuular,  ri(-hti>rolilic)!!c: 

e  parallel  ornot.    l)v  rule  <:si.)  find  tho  center  of  graviti 

mfd  (or  cone,  as  the  case  may  be)  A  B  T,  of  which  the 

the  lower  part;  and  the  center  of  gravity  8  of  the  smaller 

9  D  C  T  (—  entire  pyramid  or  cone,  minus  the  fruetuni).   Also 


Volume  of  pyramid  or  none. 

Volnme  of 
the  frustum    -    < 
ABCJJ 

Then  the  center  of  gravity  G  of  thefrostum  ABOD  Is  in  the  extension  of 
volume  of  smaller  pyramid  or  eone,  DOT 
NO    —    BN   X  volume  of  fruetum,  A  B  C  D 

(39).   Parabolotd.    6  is  in  the  axis,  and  at  one-third  of  Its  length  from 
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Art.  60.  The  )  ncllncd  Plane  is  a  rigid  straight  plane  surface,  as  a  o, 
Fig.  63,  not  horizontal.  Jf  a  vertical  line  b  «  be  drawn  from  the  top  b  of  the 
plane,  to  meet  a  horizontal  line  a  e,  drawn  from  its  bottom  a,  then  6  e  is  called 
the  height  of  the  plane ;  a  c  its  base ;  and  a  b  its  length.  The  angle  6  a  e,  which 
the  plane  iorms  with  the  horizontal  line  a  ct  is  called  its  inclination^  slope^  or 
uteepness;  which,  however,  is  frequently  expressed  also  by  the  proportion 
which  the  base  bears  to  the  height;  thus%  it  the  length  a  c  of  the  base  be  1, 
]%,  2,  Ac,  times  that  of  the  height  b  c,  the  inclination  or  slope  is  said  to  be 
1  to  1, 1%  to  1, 2  to  1,  Ac.  The  angle  6  a  e  is  the  angle  of  intimation  of  the  plane. 


When  one  rigid  body  as  N  or  M,  Fig.  63,  is  placed  loosely  upon  another, 
as  upon  the  rigid  plane  a  6,  the  effect  produced  by  its  weight  is  the  same  as  if 
all  that  weight  were  concentrated  at  its  center  of  gravity  y,  and  acted  in  the 
direction  of  a  vertical  line  g  v  drawn  through  said  center.  When  we  assume 
the  weight  to  be  thus  concentrated  at  the  point  p,  we  must  remember  that  nil 
other  parts  of  the  body  must  be  considered  to  be  without  weight;  although  still 
retaining  their  inherent  cohesive  force,  or  strength. 

If,  as  in  N,  this  vertical  line  g  v,  which  now  represents  the  direction  of  the 
entire  weight  of  the  body,  passes  beyond,  or  outside  of  the  base,  the  body  must 
fail. 

But  if,  as  in  the  body  M,  the  line  g  v  falls  within  the  base  r  «,  the  body  will 
not  upset:  but  we  shall  have  a  force  g  v  equal  to  the  weight  of  the  body,  and 
applied  obliquely  to  a  rigid  surface  a  6,  at  the  point  v;  and  consequently 
(Art.  25  6,  p.  318.0.  resolvable  into  two  components ;  namely, »' v,  perpendicular  to 
the  surface  a  b\  and  therefore  imparted  to  it  as  a  pressure;  and  x  v,  parallel  to 
the  surface,  and  consequently  not  imparted  to  it.  All  these  lines  may  be  draw 
by  scale,  to  represent  their  respective  forces.  When  we  consider  a  single  force 
as  g  v  to  be  thus  resolved  into  two  components,  with  a  view  to  ascertaining  their 
effects,  it  is  plain  that  said  single  force  must  then  be  considered  as  no  longer 
existing;  but  as  being  replaced  by  its  components.  Now  the  com ponent  force 
x  v  being  parallel  to  the  plane,  it  follows  (Art  25,  p.  S18«),  that  the  pressure  or 
strain  iv,  cannot  oppose  the  cross  action  of  the  sliding  force  x  v,  and  x  v  must 
therefore  produce  motion  in  the  body,  causing  it  to  slide  down  the  plane, 
were  it  not  for  the  friction,  the  amount  of  which  depends  upon  that  of  the 
pressure;  as  also  upon  the  degree  of  smoothness  of  the  surfaces  in 
contact,  and  upon  whether  they  are  lubricated  or  not  If  the  friction 
is  equal  to  the  force  x  v  in  the  opposite  direction,  the  body-  of  course  can- 
not move;  but  if  less,  it  will  move,  under  the  action  of  a  force  equal  to 
the  excess  of  x  v  over  the  friction.  It  must  be  remembered  that  the 
pressure  oom ponent  i  v,  which  produces  friction  on  an  inclined  plane, 
is  not  equal  to  the  weight  of  the  body,  but  is  less  than  it.  It  is  equal 
only  when  the  surface  is  horizontal,  so  that  the  vertical  force  a  v,  represent- 
ing the  entire  weight  of  the  body,  is  at  right  angles  to  the  joint,  and  when, 
consequently,  it  all  acts  as  pressure.  Therefore,  the  steeper  the  plane 
becomes,  the  less  is  the  friction ;  because  then  less  of  the  weight  of  the  body 
acts  as  pressure,  and  more  of  it  as  moving  force.  Hence,  a  locomotive  has 
less  adhesion  on  an  inclined  grade,  than  on  a  level ;  for  the  so-catted  adhesion 
is  in  reality  nothing  but  friction.  But  although  both  the  perpendicular  pres- 
sure and  the  friction  become  less  in  amount  as  the  plane  becomes  steeper, 
yet  they  retain  nearly  the  same  proportion  to  each  other. 
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Remark.  It  is  evident  that  when  we  wish  to  push  a  body  up  an  inclined 
plane,  we  must  overcome  both  the  friction  and  the  parallel  force  x  v ;  but  in 
pushing  it  down,  we  are  opposed  only  by  the  friction;  for  the  parallel  force 
assists  us. 


61.  Experiment  has  determined  the  amount  of  friction  which  takes 
place  between  the  surfaces  of  such  materials  as  are  employed  in  construction ; 
that  is,  it  has  determined  the  proportion  (or,  more  correctly,  the  ratio)  between 
the  pressure  and  the  friction.  Any  person  may  easily  do  this  for  himself, 
thus:  a  body,  as  M,  Fig.  63,  is  placed  upon  the  plane  autface  a  b;  of  which  one 
end,  as  6,  is  gradually  raised  until  the  body  is  barely  about  to  begin  to  slide. 
When  this  takes  place,  we  know  that  the  force  xvhas  become  barely  equal  to 
the  friction,  and  the  angle  6  at  which  the  plane  then  makes  with  the  hori- 
aontal  a  c,  is  called  the  angle  of  friction,  or  limiting  angle  of  resistance,  or  angle 
<tf  repose,  for  the  particular  kind  of  surface  experimented  on. 

Now,  a  little  reflection  will  show  tliat  whatever  may  be  this  angle  6  a  ct  of 
friction,  the  line  x  v,  whioh  measures  not  only  the  parallel  force,  but  also  the 
friction  existing  at  that  moment,  is  to  the  line  i  v.  which  measures  the  per- 
pendicular pressure  (not  the  weight  of  the  body;)  as  the  vertical  height  b  e  of 
the  plane  at  the  same  moment,  is  to  its  horizontal  base  a  e.  That  is,  at  the 
point  of  sliding, 

Friction :  Perpendicular  pressure  ::  Height :  Base; 

or*  Base :  Height  ::  Perpendicular  Pressure  :  Friction. 

Therefore,  when  a  body  barely  begins  to  slide,  measure  a  c  horizontally,  and 
b  e  vertically:  divide  the  last  by  the  first,  and  the  quotient  will  be  the  pro- 
portion which  the  friction  of  the  bodies  experimented  upon,  bears  to  the 
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pressure  which  causes  it.  Or,  measure  the  angle  6  a  t  in  degrees,  Ac;  the 
tangent  of  this  angle  will  be  that  same  proportion.  This  proportion  is  called 
the  coefficient  of  friction  for  those  bodies;  a  table  of  which  will  be  found  on 
page  373.  A  horizontal  line  d  g,  drawn  from  g,  and  terminating  in  v  i  extended, 
will,  when  measured  by  the  same  scale  as  g  v,  i  v,  x  vt  give  a  horizontal  force 
which,  without  the  aid  of  friction,  would  prevent  the  body  from  moving  down 
■the  plane.  Or,  if  the  length  a  b  of  the  plane  be  taken  by  scale  to  represent  the 
weight  of  a  body,  then  o  L  perpendicular  to  a  6,  to  meet  a  c  produced  at  I,  will 
give  that  same  horizontal  force. 

Art.  6».  If  the  length  m  n,  Fig.  63%,  of  an  inclined  plane,  be  taken  by  a 
scale,  to  represent  the  weight  in  lbs.,  tons.  Ac,  of  any  body  placed  upon  it; 
then  the  base  o  n  will,  by  the  same  scale,  give  the  perpendicular  pressure  in 
lbs.,  tons,  Ac,  which  the  body  imparts  to  the  surface  of  the  plane;  and  the 
height  m  o  will  give  the  amount  of  force  parallel  totnn,  and  which  tends  to 
move  the  body  down  the  plane,  either  by  sliding  or  rolling.  If  the  pressure 
o  n  be  multiplied  by  the  proper  coefficient  of  friction,  the  product  will 
plainly  be  the  actual  amount  of  frictional  resistance  in  lbs.,  Ac,  which  the 
surface  m  n  is  capable  of  offering.  If  the  friction  thus  obtained  proves  to  be 
greater  than  or  equal  to  the  sliding  force  m  o,  then  the  body  will  remain  at 
rest  on  the  plane;  but  if  less,  then  sliding  or  rolling  down  the  plane  will  be 
thp  result;  and  the  amount  of  force  which  starts  or  oegins  the  motion,  will  be 
equal  to  the  excess  of  m  o  over  the  friction.  As  the  motion  continues,  this 
excess,  if  it  continues  to  act,  will  accelerate  the  velocity.  When  a  body  is 
placed  upon  an  inclined  plane,  m  n  Fig.  63%,  whether  it  slides  or  not,  the 

8liding  force  (parallel  to  surface  of  plane)  —  weight  X  sine  of  m  no. 

Pressure  (perpendicular     "        "       "    )  ~-  weight  X  cosine  of  m  n  o. 

Maximum  friction  (parallel"  w  M  )  —  weight  X  "  "  "  X  co- 
efficient of  fricticn.  For  the  friction  does  not  vary  as  the  angle  of  slope  of 
the  plane,  but  as  the  cosine  of  that  angle;  or,  in  the  same  manner  as  the  per- 
pendicular pressure  varies. 

■a,  1.  Suppose  we  wish  to  slide  a  wooden  box  M,  Fig. «S,  filled  with  stone,  and  weighing  in  nil 
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sniff  a!  rrio:  =1100  X  .IBS  X  ;»=*J*    On^uaBU  J ,  IM.l  +  101=  Wit  tt.  la  U>  fom  ra«l£*  la 
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a  plane  tax,  Fig  64,  has  just  that  inclination,  y  x  w,  at  which  the  fric  of  any  given 
body  is  balanced ;  and  sliding  is  about  to  commence,  from 
the  action  of  any  force  h  o,  applied  to  the  plane,  through 
the  body,  in  any  direction  h  o,  not  perp  to  it ;  if  from  the 
point  o  of  application,  we  draw  a  line  op,  at  right  angles  to 
the  surf  of  the  plane,  then  the  angle  hop  will  always  be 
equal  to  the  angle  of  fric  y  x  to  of  the  body.  If  the  plane 
is  so  steep  that  sliding  must  take  place,  then  the  angle 
formed  between  the  force  ho,  and  a  perp  op  to  the  plane,  be- 
comes greater  than  the  angle  of  fric ;  but  if  the  steepness  is 
so  slight  that  the  body  rests  firmly  on  the  plane,  then  said 
angle  is  less  than  the  angle  of  fric. 

The  practical  applications  of  this  principle  are  very  numerous ;  they 
extend  to  pressures  in  any  directions  whatever;  and  apply  to  plane 
surfs  in  any  position  whatever,  whether  inclined,  vert,  or  hor ;  for  any 
given  prea  produces  precisely  the  same  amount  of  fric,  whether  we  im- 
part it  to  the  ceiling;,  the  floor,  or  the  wall  of  a  room ;  provided  they  all 
be  of  the  same  material.  The  angle  of  fric  of  cut  stone 
upon  cut  stone  is  about  32° ;  that  is,  one  block  of  cut  stone 
will  not  slide  upon  another  at  a  less  slope  than  about  32° ; 

the  fric  then  being  full  -fy  of  the  pres.    Therefore,  if  the 

floor  /,  Fig  65,  ceiling  c,  and  walls  to,  »,  of  a  room  be  of 
eut  stone ;  and  p,  p,  p,  p,  lines  at  right  angles  to  them ;  we 
may  press  a  piece  «  of  cut  stone  against  them  with  any 
force  whatever,  applied  in  the  direction  of  the  stone  itself, 
without  danger  of  its  sliding ;  provided  only  that  the  di- 
rection of  the  pres  along  a  does  not  form  with  the  perp  p 
an  angle  exceeding  32°.  But  sliding  will  take  place, 
whether  the  pres  be  great  or  small,  if,  as  at  o,  o,  o,  o,  said 
angle  exceeds  32°.     The  angle  of  fric  is,  by  some  writers, 

eaiied,  in  such  cases,  the  limiting  angle  of 
resistance. 

Rem.  The  friction  at  the  feet  of 
rafters  when  highly  inclined  diminishes  very 
much  their  horizontal  pressure  and  tendency  to 
split  otf  the  ends  of  the  tie-beams. 

The  angle  of  fric  of  oak  endwise  against  hard  limestone,  is,  according  to 
Morin,  20*4° ;  therefore,  if  the  walls,  Ac,  of  a  room  consisted  of  such  lime- 
stone, we  could  not  press  a  piece  of  oak  endwise  against  it  without  sliding, 
if  the  angle  withp  exceeded  209£° ;  and  the  legs  of  a  wooden  trestle,  Fig  66, 
would  not  spread,  on  the  level  surf  of  suoh  limestone,  under  any  wt  to.  if 
•he  angle  a  6  e  be  less  than  20*4° ;  but  certainly  would  if  it  be  greater,  unless 
other  preventives  besides  fric  at  the  feet  be  depended  on.    In  this  case  the 

fric  amounts  to  very  nearly  -J*.-  of  the  pres ;  that  being  the  proportion  cor- 
responding to  20*f°.  These  two  illustrations  show  how  wide  is  the  applica- 
tion of  this  principle ;  for  the  announcement  of  which  we  are  (the  writer 
believes)  indebted  to  Moseley. 


Fig  65 
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Art.  64.  To  find  the  effect  of  an  extraneous  force  (fg,  Fig  67  J 
imparted  in  any  direction,  to  a  rigid  body  (B)  on  an  inclined 
plane,  ip%  when  we  know  the  angle  of  fric,  and  the  wt  of  the  body.   The  prin- 
ciple laid  down  in  the  preceding  Art 
enables  us  to  do  this. 

Through  the  cen  of  grav  c,  of  the  &\ •*** 

body,  draw  a  vert  line  a  w ;  and  extend  •        /' ! 

the  direction  fg  of  the  force,  to  meet 
this  line,  as  at  o.  Make  o  a  by  scale,  to 
represent  the  wt  of  the  body ;  and  o  z 
to  represent  the  amount  of  the  force 
fg.  Then  is  o  a  point  at  which  we 
may  assume  both  these  forces  to  be  im- 
parted to  the  body.  (Art  29.)  Complete 
the  parallelogram  of  forces  ax  zo,  by 

drawing  a  x,  and  z  x,  parallel  and  tzi*  nn 

equal  to  o  z,  and  o  a.    Draw  the  diag  rlP  b  I 

x  o,  and  extend  it  to  meet  the  plane,  as 

at  t.  Make  the  line  t  v  perp  to  the  surf  of  the  plane.  This  done,  we  have  a  single 
force  x  o,  equal  in  effect  upon  the  rigid  body,  to  its  wt,  and  fg  combined. 

This  single  force  may  be  considered  as  imparted  to  the  body  at  any  point  that  lies  in  its 

Hne  of  direction  z  t ;  therefore,  we  will  assume  it  to  be  imported  at  «,  where  it  encounters  the  force 
of  fric  acting  in  the  direction  «  «,  of  the  joint  formed  between  the  body,  and  the  plane.  Now,  if  t 
•trikes  within  the  base  i«,tv  being  nt  right  angles  to  this  joint,  it  follows  from  the  last  Art.  that 
V  the  angle  *  t  v  is  leu  than  the  angle  of  fric  corresponding  to  the  nature  of  the  materials  which 
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compose  the  body  and  plane,  then  the  body  will  remain  at  rest  on  tbe  ptane.  But  If  the  angle  x  t 9 
be  greater  than  said  angle  of  fric,  tbe  body  will  slide  up  or  down  the  plane,  (according  to  eiroum- 
•tauees,  stat<'d  In  the  next  paragraph ;)  if  tbe  angles  be  equal,  the  body  will  be  jast  on  the  point  of 
beginning  to  slide  either  np  or  down. 

when  the  angle  x  t  v  is  on  the  down  hill  side  of  v  t,  as  in  the  flg.  the  tendency  or  tbe  body  will  evi- 
dently be  to  move  up  the  plane;  but  if,  In  consequence  of  a  diff  direction  of  tbe  force /o-,  (and  conse- 
quently of  the  resultant  x  0,)  the  angle  x  t  •  is  on  the  up  hill  side  of  v  t.  then  tbe  tendency  will  be 
down  the  plane. 

Rrm.  1.  If  the  direction  of  the  resultant  x  0,  or  tbe  point  t,  falls  outside  of  its  base  s  e,  the  body, 
instead  or  sliding,  will  upset.  It  will  fall  up  bill,  if  t  strikes  pi  up  hill  from  the  base ;  and  down  bin, 
if  t  strikes  down  hill  from  the  base.    See  Art  66. 

Rkm.  2.  In  order  to  draw  the  parallelogram  of  foroes  axxo,  and  its  resultant  diag  x  o,  the  line  •  o, 
which  represents  the  wt,  may  sometimes  have  to  be  regarded  as  pulling  instead  of  pushing  down* 
ward  at  the  point  0,  where  the  other  force  meets  it.  See  Fig  9%,  and  Fig  69.  befow. 
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Rbm.  S.  It  follows  from  tbe  foregoing,  that  when  at  the  joints  pq,r», 
Fig  68.  of  a  mass  of  masonry ;  or  at  the  joints  or  timbers  in  carpentry, 
iron  work.  &o,  tbe  frio  alone  is  depended  on  to  prevent  sliding,  the  re- 
sultant name,  co,  on,  &o,  of  all  the  forces  acting  at  any  joint,  must  not 
form  an  angle  mei,eo  a,  one,  with  a  perp  c  i,  o  a,  n  e,  to  the  joint, 
greater  than  tbe  angle  of  fric  corresponding,  to  the  nature  of  the  ma- 
terials whose  surfaces  constitute  the  joint. 

Rkm.  4.  The  extraneous  force  reqd  to  move  a  body  np  a  plane,  will 
be  the  least  when  its  direction,  <  n,  Fig  67,  makes  with  surf  » p,  or  the 
plane,  an  angle,  nip,  equal  to  the  angle  of  frio. 


Art.  65.    To  find  the  force  required  to  prevent  a 
"L  body  8,  Fig  69,  from  moving;  when  tbe  direction,  o»,  of  its  wt, 

■°^  strikes  outside  of  its  base  t?.    Thus,  suppose  we  wish  to  Impart 

a  pulling  force  at  e,  and  in  the  direction  ea,  to  prevent  the  body 
from  sliding  either  up  or  down  the  Motionless  plane  ip,  and 
from  upsetting  down  the  plane.  Through  the  cen  of  grav  e,  draw 
a  vert  line  xw;  and  continue  the  line  of  direction  of  a  e  to  meet 
it  at  o.  From  0  draw  oy  at  right  angles  to  the  plane  ip.  By  scale 
make  0  to  equal  to  the  wt  of  the  body :  and  from  to  draw  toy  paral- 
lel to  o  a.  Make  e a  equal  to  icy ;  then  is  e  a  the  reqd  force,  which 
will  resist  all  tendency  of  the  body  to  move.  For  in  tbe  par- 
it      pa  IE),     y*  w    '  alleiogram  of  forces  o  w  y  *,  we  have  the  force  o  w  tending  to  make 

rlCI  u«f    \%£   \    '  tne  *****  fal1  »  and  tne  foroe  °  *  (®qu*i  *•  •  *)  tending  to  prevent 

J  j  /%      -si!  xr  it  from  falling;  and  tbe  resultant  o  y,  of  these  two  forces,  equal  to 

their  joint  eject,  is  at  right  angles  to  the  surf  of  the  plane ;  and 
is  consequently  all  imparted  to  it  as  pros ;  no  part  being 

left  unresisted,  to  produce  motion  in  any  direction.  For  as  before 
said,  when  two  forces,  as  o  to,  o  sr,  are  compounded  into  one  result* 
ant  force  0  y,  those  two  foroes  must  be  considered  as  no  longer  ex- 
isting ;  thus,  in  this  case,  so  long  as  we  regard  the  joint  effect  of  o  to  and  o  *  as  being  oonoentrated 
in  their  resultant  o  y,  we  cannot  of  course,  consider  them  as  acting  in  other  directions  at  the  same 
time :  so  that  there  is,  as  it  were,  no  longer  any  wt,  o  to,  tending  to  make  the  body  fall ;  nor  any  force 
e  a,  tending  to  uphold  it;  but  only  the  single  force  o  y,  which  presses  the  inert  body  against,  and  at 
right  angles  to.  the  surf  ip ;  imparting  to  it  a  tendency  to  move  only  in  the  direction  e  y ;  which  ten* 

dency  is  reacted  against  by  the  inherent 
cohesive  force,  or  strength,  of  the  plnue. 
If  the  body  is  prevented,  by  friction  or 
by  a  stop  at  its  lower  toe -f,  from  eliding 
down  the  plane,  and  we  wish  to  know 
the  least  force  in  tbe  direction  ox  which 
will  just  prevent  the  body  from  over- 
turning about  t ;  the  line  oy,  instead  of 
beiug  drawn  perpendicular  to  tbe  plane 
ip  as  in  Fig  69,  must  be  drawn  from  o 
through  the  lower  toe  t  as  in  Fig  69  a. 
The  line*  ow  and  zy  of  tbe  parallel- 
ogram ozyw,  representing  the  weight 
nf  the  body,  will  of  course  remain  the 
same  as  for  the  same  body  in  Fig  69.  but 

Fid  69  a  tne  >ine"  °  *  and  w  v'  representing  the 

r-y.vw  extraneous  force,  although  the  same  in 

direction  as  before,  will  evidently  be  much  shorter . 
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Art-  66.  Stability.  The  stability  of  a  structure,  or  of  any  body,  is,  strictly 
speaking,  that  resistance  which  its  wt  alone  enables  it  to  oppose  against  forces  tend- 
ing to  change  its  position.  Such  resistance  may  be  assisted  by  extraneous  wts,  or 
by  other  forces  prdperly  applied;  but  such  must  be  distinguished  from  the  stability 
inherent  in  the  structure,  or  body  itself.  To  insure  the  stability  of  a  stractura,  the 
disposition  of  its  parts,  as  well  as  that  of  the  entire  mass,  must  be  such  that  neither 
of  them  shalb  move,  either  by  sliding,  or  by  overturning,  under  the  action  of  the  im- 
parted fore**.  Stability  is  therefore  a  branch  of  Statics ;  or  of  forces  at  rest,  or  in 
equilibrium  with  each  other;  Art  16. 
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Stability  mast  not  be  confounded  wltb  strength.    A  structure 

•nay  be  very  Btroug,  and  yet  very  unstable.  A  block  of  stoue  is  quite  an  strong  while  sliding  down 
a  smooth  plane,  or  rolling  down  a  steep  bank,  as  when  resting  on  a  firm  nor  base ;  but  it  has  stabilltv 
only  in  the  last  oase.  A  pyramid  of  weak  chalk  may  have  great  stability ;  while  a  globe  of  granite 
or  oast  iron,  has  very  little.  We  generally  have  to  examine  into  the  strength,  as  well  as  the  stability 
of  oar  structures :  but  it  mast  be  done  by  diff  processes.  The  stability  has  reference  to  the  structure 
considered  as  consisting  of  one  or  more  rigid  bodies,  which  may  be  moved  as  entire  masses,  but  not 
broken,  or  choused  in  fitrm,,  by  the  applied  forces.    See  Remark  2,  Art  29. 

:  Those  forces  which  tend  to  impair  the  stability  of  a  structure,  are  called  acting  ones ;  and  those 
which  tend  to  maintain  it,  resisting  ones.  This  distinction  is  merely  a  matter  or  convenience ;  for 
all  the  forces  act,  and  resist. 

The  forces  which  affect  the  stability  or  a  rigid  structure  considered  as  one  mass,  are  its  wt ;  extra- 
neous wts,  or  strains;  and  the  foundation,  or  support;  which  last  reacts  as  an  antiresultant 
•gainst  the  others.  When  these  three  balanoe  each  other,  the  structure  is  stable.  When  the  struc- 
ture is  to  be  eonsidered  as  composed  or  several  rigid  bodies,  then  the  joints  or  surfaces  or  contact  be- 
tween these  bodies  must  also  be  regarded  as  so  many  secondary  foundations,  and  these  also  mast  re- 
spectively balanoe  the  forces  acting  upon  them ;  otherwise  these  parts  may  slide,  or  overturn,  while 
other  parts  may  remain  firm. 

Al*t«  67.  Tn  order  to  guard  against  accidents,  a  structure  must  generally  be  so  deafened  as  to 
be  capable  of  resisting  much  greater  forces  than  those  which  it  sustains  under  ordinary  circum- 
stances. The  proportion  which,  with  this  object,  we  give  to  the  resisting  forces,  in  excess  or  the  act- 
ing ones,  is  called  the  coefficient  of  stability ;  or  simply  the  stability,  or  the  safety,  of  the  structure. 
Thus,  if  we  make  It  capable  or  resisting  2,  S.  or  ft  times  the  amount  or  the  ordinary  acting  forces,  we 
say  it  has  a  stability,  or  a  coeff  of  stability,  or  a  safety,  of  2, 8,  or  6. 

Art.  68.  Since  the  stability  of  a  structure,  considered  apart  from  its  founda- 
tion, consists  entirely  in  the  resistance  which  its  several  parts,  as  well  as  the  entire 
mass,  can  present  against  both  sliding  and  over  tinning,  it  follows  that  two  precau- 
tions, already  adverted  to  in  previous  articles,  must  be  resorted  to.  Namely,  1st, 
against  sliding,  take  care  that  the  resultant  of  all  the  forces  acting  upon 
any  joint,  (including  that  between  the  base  and  the  foundation,)  shall  act  either  at 
right  angles  to  said  joint ;  so  as  to  be  entirely  imparted  to  it  as  strain,  (press  or  pull,) 
leaving  no  part  unresisted  to  tend  to  produce  motion ;  or  else  that  it  shall  not  de- 
viate from  a  right  angle,  to  a  greater  extent  than  the  angle  of  fric  corresponding  to 
the  materials  which  compose  the  joint;  so  that  the  portion  of  it  which  is  not  im- 
parted at  right  angles,  shall  be  resisted  by  friction ;  and  thus  be  prevented  from 
producing  a  motion  of  sliding. 

Otherwise,  instead  of  relying  npon  the  petition,  of  the  joints,  resort  must  be  had  to  the  cohesive 
strength  ot  joint  fattening*,  snob  as  bolts,  spikes,  cramps,  joggles,  mortises  and  tenons,  mortar, 
cement,  4e,  to  prevent  sliding.  As  to  mortar  and  cement,  however,  itis  Important  to  remember  that 
frequently,  and  especially  in  very  massive  work,  they  have  not  time  to  harden,  or  acquire  their  full 
itrength,  before  the  acting  forces  are  brought  to  bear  upon  them:  therefore,  great  care  is  necessary, 
when  we  use  them  as  substitutes  for  position.  On  this  account  we  frequently  cannot  consider  a  mass 
or  masonry  to  be  a  single  rigid  body,  but  must  regard  it  as  composed  of  several  detached  rigid 
bodies ;  the  stability  of  each  of  which  must  be  separately  provided  for,  before  we  can  secure  that  of 
the  whole.  Therefore,  in  large  massive  structures  of  Importance,  we  should,  as  far  as  possible,  omit 
all  consideration  of  the  strength  of  the  mortar,  and  rely  for  stability  chiefly  upon  placing  the  joints 
at  or  nearly  a*  right  angles  to  the  forces  acting  upon  them. 

Art.  69.  Moment  or  stability.  We  have  already  stated  (see  Arts  46 
and  49)  that  the  resistance  which  any  rigid  body  as  B,  Fig  71,  opposes  against  being 
overturned  alout  any  given  point  a,  is  equal  to  that 
which  would  be  produced  if  the  entire  wt  of  the 
body  were  concentrated  at  its  cen  of  grav  g ;  and 
acted  at  the  end  t  of  a  straight  lever  a  i,  of  which  a 
is  the  fulcrum ;  or  at  the  end  o,  s,  or  w,  of  any  straight 
lever  ( Art  49)  ao,as.an;  or  of  any  bent  lever  a  i  «, 
a i *,  at  o,  a  s o,  provided  that  in  every  case  there  is 
the  same  leverage  at,  measured  from  the  fulcrum  a, 
and  at  right  angles  to  the  direction  mn  of  the  force 
of  grav  of  the  body.  So  far  as  regards  tendency  to 
resist  overturning,  it  is  immaterial  at  what 

point  of  the  body,  in  this  line  of  direction  m  n,  we 
conceive  the  grav  to  act :  or  whether  as  a  push  at  o, 
or  a  pull  at  «',  as  denoted  by  the  arrows.  We  have 
also  said  that  the  tendency,  or  moment,  of  this  force 
of  grav,  or  wt,  to  produce  or  to  resist  motion  about  the  fulcrum  a,  through  the  me- 
dium of  any  of  these  levers,  is  found  bymult  the  force  or  wt  in  B>s,  by  the  leverage 
a  i  in  feet.  The  prod  in  ft-lbs  is  generally  called  the  moment  of  the  force  about  the 
point  a ;  but  in  cases  like  that  before  us,  in  which  this  moment  becomes  the  measure 
of  the  stability  of  the  body,  it  is  called  the  moment  of  stability  (or  simply  the  star 
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A  bod  j  may  have  d 

•tabilitv,  alii. lit  iliff  point*.    Thus,  It  would  b* 

t  the  point  6,  than  about  a  ;  because  the  lever- 
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■  mc^gedTr 

id  aince  the  wt  and  tbe  point  of  the  con  of  grar 
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Rem  ».  In  Kg  tt\4  let  the  upper  part, 
en,  of  A,  and  tbe  lower  part,  op,  of  B,  be 
made  of  lead,  and  tbe  remaining  port  of 
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s    each,  of  cork.     Than  the  canter  of  gravity 
/  of  tbe  entire  body  A  will  be  near  the  dot  (; 

weights  of  AandBbeeQusl,  a.id  llu'irKn- 

ters  of  gravity,  i  and  a,  at  tha  aunt  hori. 

MiAd  ,li»n.„w,  oo,  from  the  fulcrums,  a 

and  a,  around  which  the  bodies  are  to  be 

must  then  tie  equal.  Consonuenlly  they  will 

equal   finnM  applied  In  any  name  given 

_  order  to  **n>elu  avtrthrvw  B,  the  overturn- 

ing force  must  act  throimh  a  greater  apoea, 

the  position  of  the  dotted  Ijnte  J.     Ita  center  of  gravity  being  then  at  a,  which  El 

through  the  lunger  apace  naceaaary  to  move  B  Into  the  position  N  ;  for  not  until  then 
will  Ita  center  of  gravity,  •,  be  in  a  position,  I,  beyond  the  beae.    An  either  A  or  B 

it  la  about  to  fall,  its  leverage,  no,  of  atabillty  plainly  dimlniHh.es,  nntil  the  tenter 


^X__<<^       trSanftba wtaMai awhararfaiwart  JhT^^wl^aS  IfS laraa 

P  lEr.Bi*™iot.r«Elbe^^ 


t.7o.   riaiaii. 

-Ill  engineer,  hoi 

i,  /,/,/,  It,  m. 
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the  principal  cum  of  stability  tint  preeen 


Imparted  an 

coinciding  with  a  leaf  of  pi 


more  aim  pip  than 


'B1 

id  tiut 


Id  tbe    same    pUue,   such   diagrams, 
wn  to  a  convenient  Kale,  will  ninaJly  |Umi 
the  accuracy  required  In  practice. 

i%>  ■  iu  brid(*  B,  nt'i.wt 


Fig.  74. 


"™"™r  tCmK  SsesHsrWifwi 

Art.  71.  Id  order  that  a  rigid  body  or  structure,  u  B,  Fig.  «7,  p.  33S,  may  be 
stable,  it  mu8t.be  secure  against  upsetting  and  against  sliding.  Let  x  obe  the 
resultant  of  all  the  forces  »  and  I,  "cling  11)11111  the  base  I Ij rough  tbe  body.  Tben, 
if  loatrlkeawithh,  .he  haw.;,;,  iuuiti,  the  l.:dv  ,:uiinoi  ,,,,«.(  ■  and  if,  besides 
this,  the  resultant  r  0  forms  with  a  line  1 1.,  at  righl  angles  to  tbe  base,  an  angle 

Art.  78.  We  will  no-  consider  a  case  in  which  the  structure  Is  assumed  to 
be  composed  of  several  rigid  bodies,  merely  placed  together  without  Joint-fas- 

upon  their  weight  eiid  positions  lor  securing  their  stability.    T tie  process  in  this 
case  Is  tbe  same  as  in  Fig.  67.  p  35s,  eicept  that  Instead  of  assuming  the  body  to 

niuHi  IwtntfftlT  sustain  In  consequence  of  the  different  weights  of  the  several 
parta  N  fi  P  2,  SM  F  L,  NM  W  X,  resting  on  them. 

Ii*>t  HJITbn  •n«-ha>ir  *r  a>  Alone  arch  of  small  rise  aa  compared 


.led  at 


BUfjBO. 

KMPZ 
oonasque 


1  at  its  center  of  gravity  ti ;  and, 
R  a.  Now  (Art.  88,  p.  327)  we  may 
id  the  10  tons  gravity  of  the  part 


tbe  same  scale  will  give  the 
through  tbe  partNSiPZ. 
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draw  it,  at  right  angles  to  the  line  P  Z ;  and  measure  the  angle  eft,  which  the  resultant  ey  forms 
with  it-  This,  we  Qnd,  is  greater  than  3*2° ;  that  is,  it  exceeds  the  anglu  of  frio  between  surface*  of 
dressed  stone.  Therefore,  the  part  NMPZ  must  alide  along  the  joint  P  Z.  This  might  posslbiy  be 
prevented  bj  good  mortar,  if  time  be  allowed  it  to  solidlfjr  properly,  before  the  centers  are  eased  so 


as  to  bring  |he  pre*  of  the  arch  upon  the  abut ;  or  by  iron  cramps,  stone  Joggles,  Ac;  bat  these  are 
expensive.  ^The  most  obvious  remedy,  as  well  as  the  least  expensive,  is  simply  to  incline  the  joint 
PZ  into  a  direction  somewhat  like  from  K  to  Z;  so  as  to  receive  the  ores  of  the  resultant  ey  more 
nearly  at  right  angles ;  at  least  so  nearly  as  to  be  fairly  within  the  limits  or  the  ancle  of  frio.  If  this 
is  done,  stability  is  secured ;  for  the  part  NMPZ,  being  now  safe  against  both  sliding  and  overturn- 
ing, oan  move  lu  no  other  way ;  unless  the  strength  of  the  stone  composing  the  masonry  Is  insufficient 
to  bear  the  pres,  and  may  therefore  crush  to  pieces  under  it.  But  this  is  a  question  of  Strength  of 
Materials.  The  point  i,  or  Fig  75.  comes  much  nearer  to  Z  than  would  be 

desirable  in  praetiee ;  for  it  might  eanse  crashing  at  Z.    See  Rem  3,  following. 

Having  thus  provided  for  both  the  sliding  and  the  overturning  stability  of  the  abut  as  far  down  as 
the  joint  P  Z,  we  will  now  examine  as  far  down  as  the  joint  ¥  h.  Takiug  the  entire  part  N  M  F  L  of 
the  abut,  we  first  find  its  weight,  say  25  tons ;  and  thla  we  assume  to  act  at  its  cen  of  grav  K,  and  in 
the  vert  direction  vKI.  The  amount  and  direction  of  the  thrust  of  the  arch  at  o,  of  oourse.  remain 
as  before.  Therefore,  from  the  point  v,  where  the  two  directions  meet,  lay  off  ve  to  represent  as 
before  the  30  tons  thrust  of  the  arch ;  and  v  I,  the  '&  tons  wt  of  the  abut.  Complete  the  parallelogram 
of  forces  v  e  •  I,  and  draw  its  diag  v  s ;  whioh,  nieasd  by  the  same  scale,  will  give  the  resultant  of  all 
the  forces  acting  upon  the  part  N  M  F  L.  Now  we  see  that  the  direction  of  this  resultant  does-  not 
fall  within  the  base  F  L ;  bat.  on  the  contrary,  passes  out  of  the  body  afcJi  outside  of  whioh  it  meets 
no  force  to  resist  it.  Consequently,  that  body  must  upset  around  the  point  L ;  or  around  the  nearest 
joint  in  the  masonry  between  L  and/;  and  cannot  continue  to  stand  of  itself,  unless  its  base  be 
above  4.  It  is  true  that  by  placing  earth  behind  it,  especially  ir  well  compacted  by  ramming,  the 
abut  or  a  small  arch  might  be  made  to  stand  safely  even  upon  the  base  W7X;  and  In  the  ease  of 
nrohes  of  moderate  spans,  this  aid  may  be  resorted  to  for  strengthening  the  abuts,  when  there  is  uo 
danger  that  the  earth  may  be  washed  a~7ay  by  floods  or  rains,  aud  thus  expose  them  to  ruin ;  and 
this  is  generally  and  properly  done. 

R«m.  1.  If  in  the  same  manner  that  the  point  i  was  found  in  the  joint  P  Z.  others  between  P  2  and 
W  X. be  determined  also;  then  aourve,  commencing  at  the  skewbsck  o,  and  drawn  through  them, 
will  represent  the  Une  of  pressure*  or  of  reeietsmee,  or  of  thrust,  through  taw 

abut.  At  anv  point  whatever  In  this  line,  say  at  i,  the  entire  pres  above  said  point  may  be  supposed 
to  be  concentrated  j  while  the  entire  length,  as  cy,  of  that  resultant  which  eats  said  point,  fives  thm 
owoamf  of  said  pres  at  thai  point ;  and  the  direction,  as  c  t,  of  the  same  resultant  is  also  the  dtroc 
Mon  *»  wkieh  said  pres  acts  upon  said  point.    See  Art  IS  of  Hydrostatics,  p  SSI. 

Kni.  3.  The  line  of  pres  enables  us  to  determine  another  very  Important  point  onnnected  with  too 
stability  of  a  structure.  It  is  not  snfflolent  in  practice  that  this  line  should  strike  mer**y  within  the 
base:  it  must  strike  at  a  cofuM«raMe  dimt  within.  If  the  structure  and  Its  foundation  were  ooso- 
luteljt  rigid,  so  that  no  conceivable  foroe  oonld  bend  or  break  them,  this  would  not  be  necessary;  bat 
all  materials  are  more  or  less  weak,  so  that  if  great  pressures  come  too  near  to  their  edges,  there  la 
danger  of  splitting;  or  crushing  at  those  points ;  or  If  near  the  edge  of  a  base,  an  nneqnal  settlement 
of  the  soil  beneath  may  take  place.  Therefore,  even  In  structures  or  but  small  slae.  the  dlst  IZ,  Fig 
75.  of  the  line  of  pres,  from  the  outer  point  Z.  should  never  be  less  at  any  joint  than  U  of  the  width 
of  that  joint;  exoept,  perhaps,  in  a  case  like  that  of  a  small  arch  in  which  the  earth  filling  la  depot* 
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lied  behind  the  abuts  before  the  centers  are  removed.  In  important  works,  it  should  not  be  leu  than 
about  X  of  the  width  of  the  joint;  and  it  la  still  better,  when  possible,  at  H  ;  or,  in  other  words,  at 
the  oenter  of  eaefa  joint.  When,  as  at  Q,  a  footing  U  is  added  at  a  bane,  W  X  shoald  be  taken  as  the 
Joint;  not  WQ. 

Rem.  3.  The  line  of  pressure  In  a  flat  arch,  asHJNT,  Fie  75,  may 
also  be  found  much  in  the  same  way,  thus:  First  divide  the  half  arch  H  JNT, 
and  the  filling  above  it,  by  vert  lines  ru,wxy  Ac,  which  need  not  be  at  equal 
dists  apart.  We  then  consider  in  turn,  and  separately,  each  part,  ruHJ,wxH  J, 
NDTH  J,  Ac.  which  extends  from  these  lines  to  the  center  H  J  of  the  half  arch : 
the  last  of  these  being  the  entire  half  arch.  The  een  of  grav,  and  the  wt,  or 
each  of  these  parts*  must  be  found;  also,  (Ex.  2,  p.  330*)  the  nor  pres  at  the  key- 
stone. 


Now  each  of  these  parts,  like  the  beam  in  Ex  1,  or  the  half  arch  in  Ex  J,  p  MB,  is  acted  upon,  and 
kept  in  equilibrium,  by  three  force* ;  namely,  the  hor  pres  at  the  keystone,  (see  Ex  6,  p  841 ;)  its  own 
wt.  acting  vert :  and  the  reacting  force  of  the  part  next  behind  it.  We  proceed  with  each  part  sepa- 
rately, as  we  did  with  the  entire  beam  alluded  to,  thus :  Beginning  with  tbe  pert  r  t»  H  J,  from  its 
oeu  of  grav,  m,  draw  a  vert  line  tn/.  From  the  center  E  of  the  keystone,  draw  a  nor  line  K  n,  to  meet 
mf.  From  n  lay  off  nf  by  scale,  to  represent  tbe  wt  of  tbe  part  r«HJ;  sod  from  /  lay  off  fg,  bor 
hy  scale,  to  represent  the  nor  pres  at  the  key.  Draw  the  diag  n  g ;  which  will  give,  by  scale,  the  re- 
ml  taut  of  these  two  forces.  T  le  point  »,  at  which  the  diag  ng  intersects  the  vert  r«t,  is  a  point  in 
the  Hue  of  pres  read.  Next  gv  ro  the  part  esHJ;  and  in  the  same  manner  find  another  point  in 
tbe  line  wx,  using  the  oen  of  grav  and  the  wt  of  that  part.  Finally,  treat  tbe  entire  half  arch  X  I)  T 
H  J  iu  the  same  way.  A  curve  drawn  by  hand  through  the  points  thus  found,  will  be  the  required 
line  of  pressure. 

.Art.  73.  The  stability  of  bodies  on  inclined  planes,  as  regards 
overturning,  is  measd  in  the  same  way  as  when  the  base  is  hor;  namely,  by  mult 
their  wt,  by  the  perp  dist  (ao,  or  c  t,  at  A,  B,  and  D,  Fig  76,)  from  the  fulcrum,  or 
turning-point  a  or  c,  to  tbe  vert  line  of  direction  (g  o)  drawn  from  the  cen  of  grav 


of  the  body.  Hence,  it  is  evident  that  the  body  B  has  less  overturning  stability 
about  its  toe  a,  than  the  similar  body  A  has,  when  the  force,  «,  tends  to  upset  it 
down  hill.  But  it  has  more  than  A,  when  the  force  tends  to  upset  it  up  hill,  or  about 
the  toe  c;  for  the  leverage  t  e  of  B  is  greater  than  that,  o  c,  of  A. 

The  bodv  0,  which  would  overturn  upon  a  level  base,  because  the  line  g  o  strikes  outride  of  the 
base:  would  be  stable  against  overturning,  if  placed  as  D  upon  an  inclination,  where  tbe  vert  g  o 
strikes  wUkin  the/base.  In  oar  flg  the  longer  sides  of  D  are  supposed  to  be  vertical,  so  that  tbe  line 
of  direction  go  cuts  the  center  of  the  base  ae.  "The  two- leverages,  ao  and  t  c,  are  therefore  equal,  as 
are,  consequently,  the  momenta  of  stability  of  I)  about  a  and  c  respectively.  Similarly,  a  given  up- 
ward wtleal  force  would  have  the  same  upsetting  effect  whether  applied  at  a  (to  upset  *p  hill)  orat 
e  (to  upset  down  hill)  became  its  leverage,  a  o  +  t  e,  is  tbe  same  in  both  cases.  But  a  horizontal 
force,  applied  at  any  given  height,  as  at  g,  has  a  greater  leverage  (  =  go)  when  pushing  down  hill 
than  when  pushing  up  hill.  For  in  order  to  upset  down  hill  the  body  must  rotate  on  the  corner  a, 
where**,  tu  order  to  upset  up  hill,  It  must  rotate  en  the  corner  c,  which  gives  to  a  horixontal  force 
applied  at  g,  only  the  shorter  leverage  =  gt. 

A  true  tares  built  upon  slopes  are,  however,  liable  to  slide  I 

that  is,  they  »**.  dedoient  in  frianentU  ttkbitity*  In  practice  this  is  remedied  by  cutting  the  slope 
into  bor  steps,  as  at  ft.  Bat  works  so  ooustrueted  are  not  as  strong  as  if  tbe  base  were  a  continuous 
hor  line ;  because  the  vert  faces  of  the  step*  break  the.  bond  of  the  masonry ;  and  because  the  mortar 
in  the  higher  portions  s  d,  being  tn  greater  quantity  than  that  in  tbe  lower  portions  e  y,  neoessarily 
allows  more  settlement  of  the  masonry  iu  tbe  former ;  and  thus  renders  tbe  work  liable  to  crack,  or 
split  open  vertically.  Tbe  case  is  aualogous  to  that  of  a  foundation,  firm  in  some  parts,  and  com- 
pressible tn  others.  Therefore,  when  dreumstsuoea  permit,  the  foundation  should  be  levelled  off  as 
at  d  v ;  or  if  the  masonry  has  to  sustain  down-hlllward  pressures, «  shoald  be  lower  than  d;  and  toe 
eourses  of  masonry  be  laid  with  a  corresponding  inclination. 


*  Caution.  In  arches  of  considerable  rise,  the  line  of  pressure  frequently 
passes  out  through  the  back  of  the  arch  into  the  spandrels.  In  such  cases  the  method 
of  Ex.  2,  p.  330,  based  upon  the  assumption  that  it  passes  through  the  skewback  o, 
not  give  correctly  the  horizontal  pressure  at  the  keystone. 
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GRAVITY,  FALLING  BODIES. 

Art.1.  Bodies  falling  vertically .  A  body,  falling  freely  in  vacuo 
from  a  state  of  rest,  acquires,  i>y  the  eud  of  the  first  second,  a  velocity  of  about 
32.2  feet  per  second ;  and,  in  each  succeeding  second,  an  addition  of  velocity,  or 
acceleration,  of  about  32.2  feet  per  second.  In  other  words,  the  velocity  receive*  is 
each'  second  an  acceleration  of  about  32.2  feet  per  second,  or  is  accelerated  at  Uu 
rate  of  about  32.2  feet  per  second,  per  second.  Tnis  rate  is  generally  called  (for 
brevity,  see  foot~note,f  p.  310),  simply  the  acceleration  of  gravity  (bat  see  * 
below),  and  is  denoted  by  g.  It  increases  from  about  32.1  feet  per  second,  per 
second,  at  the,  equator,  to  about  3i.6  at  the  poles.  In  the  latitude  of  London  it  is 
32.19.  These  are  its  values  at  sea-level ;  but  at  a  height  of  5  nr.les  above  that  level 
it  is  diminished  by  only  about  1  part  in  400.  For  most  practical  purposes  it  may  be 
takeu  at  32.2. 

Caution.  Owing  to  the  resistance  of  the  air  none  of  the  follow- 
ing rules  give  perfectly  accurate  results  in  practice,  especially  at  great  vela. 
Th«  greater  the  specific  gravity  of  the  body  the  better  will  be  the  result.  The  air 
reatata  both  rising  and  fall  ins;  bodies. 

If  a  body  be  thrown  vertically  upwards  with  a  given  vel,  it  will 
rise  to  the  same  height  from  which  it  must  have  fallen  in  order  to  acquire  said 
vel ;  and  its  vel  will  be  retarded  in  each  second  32.2  ft  per  sec.  Its  average  ascend- 
ing velocity  will  be  half  of  that  with  which  it  started ;  as  in  all  other  cases  of 
uniformly  retarded  vel.  In  falling  it  will  acquire  the  same  vel  that  it  started 
up  with,  and  in  the  same  time.    See  above  Caution.  ... 

In  the  following,  the  falls  are  in  feet,  the  times  in  seconds, 
and  the  velocities  and  accelerations  in  feet  per  second.* 

Acceleration  acquired • 


in  a  given  Mine  =  g  X  time 

in  a  given  fall  from  rest     =  y~2  g  X  fall, 
in  a  given  fall  from  rest  \  _  twice  the  fall 


See  table,  p  258 


and  given  time 


time 


Time  required 

.              ,      ,,            acceleration 
for  a  given  acceleration    = ■ — • 


for  a  given  fall  from  rest 

for  a  given  fall  from  rest  i 

or  otherwise  / 


Vfall  __ 


fall 


fall 


Y%  final  velocity 
fall 


Y^  (initial  vel  +  final  vel) 


mean  vel 

Fall 

in  a  given  time  (starting  from  rest)  —  time  X  %  final  vel  —  time"  X  %? 

in  a  given  time  (starting  |       .  Initial  vel  +  Anal  vel 

_  .        . .        .    .   >  =  time  X  mean  vel  =  time  X :r 

from  rest  or  otherwise)  J  2 

reqd  for  a  given  acceleration  \  _  acceleration*         f.        ..       „_ 

(starting  from  rest)  )  2g         *  ,P 

d-.iriiig  any  one  given  second  (counting  from  rest) 

=  g  X  (number  of  the  second  (1st,  2d,  Ac)  —  \\ 

during  any  equal  consecutive  times  (starting  from  rest)  a  1,8,5,7,9,4c. 


dialing  g 
we  have 


—  32.2  1 
ave         | 


1st.    2d.     8d. 


At  the  end  of  the 

4th.    5th.    6th.    7th.     8th. 
seconds 


9tb.     10th. 


Velocity ;  ft  per  sec. 
Dist  fallen  since  end 
of  preceding  sec ;  &, 

Total  d is t  fallen;  ft. 


82.2 

64.4 

96.6 

128.8 

161.0 

193.2 

225.4 

267.6 

289.8 

16.1 

48.3 

80.5 

112.7 

144.9 

177.1 

209.8 

24J.5 

278.7 

16.1 

64.4 

144.9 

257.6 

402.5 

679.6 

788.9 

1030.4 

19041 

322.0 

806.9 

1610.0 


*  By  *  aocAlerition,"  in  thie  arti  le,  we  me  tu  the  total  acceleration ;  i.  «.,  the  whole 
change  of  v  looity  occurring  in  the  given  time  or  fall.  Ifor  ih*  rate  of  aoeeleiatiuo 
we  use  simply  tlm  letter  g. 
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Art.  2.  Descent  on  inclined  planes.  When  a  body,  U,  is  placed 
upon  au  inclined  plane,  AC,  its  whole  weight  W  is  not  employed  iu  giving  It 
velocity  (as  in  the  case  of  bodies  falling  vertically) 
but  a  portion,  P,  of  it  (=  W  X  cosine  of  o  =  W  X 
cosine  of  a*)  is  expended  in  perpendicular  pressure 
against  the  plaue;  while  only  a,  (=  W  X  sine  of  o 
=  W  X  sine  of  a,*)  acts  upon  U  iu  a  direction  parallel 
to  the  surface  AC  of  the  plane,  and  tends  to  slide  it 
down  that  surf.    See  Art.  60,  p  352. 

The  acceleration,  generated  iu  a  given  body  iu  a 
given  time,  is  proportional  to  the  force  acting' upon 
the  body  in  the  direction  of  the  acceleration  (Art. 
»6,p.3lO>.  Hence  if  we  make  W  to  represent  by  scale 
the  acceleration  g  (say  32.2  ft  per  sec)  which  grav 
would  give  to  TJ  in  a  sec  if  falling  freely,  then  S  will 
give,  by  the  same  scale,  the  acceleration  in  ft  per 
sec  winch  the  actual  sliding  force  S  would  give  to  U  in  one  sec  if  there  wore 
no  friction  between  U  and  the  plane. .  We  have  therefore 

theoretical  acceleration  down  the  plane  =  g  X  sine  of  a* 


follows : 

on  an  inclined  plane  wlthont  friction. 

In  the  following,  the  slides  A  C  are  in  feet,  the  times  1m 
seconds,  and  the  velocities  and  accelerations  in  feet  per 
second.f 

Accelerationfof  sliding  velocity 

in  «  m-tran  ama      vert  accel  acquired  4n  falling  >  „    .    ^ 
in  a  given  time  -     vert  duringi  the  game  t|m  *  j  X  sin  « 

=  g.  sin  a  X  time 


in  a  given  slide,  as  A  C,  >        slide 
from  rest  >      XA  time 


} 

(vert  accel  acquired  in  falling) 

<  freely  thro  th "~  y 

(    verthtAE 

y  2  g.  sin  a  X  slide 


=\  freely  thro  the  corresponding  >=  ]/2ji.AE 


Time  required 

„.,            ,      ..          sliding  acceleration 
for  a  given  sliding  acceleration  = ^— 

for  a  given  slide,  as  A  C,  from  ^  slide —    /     slide 

rert  ""  %  *nal  sliding  velocity  ""  V  H  g.  sin  a 

time  reqd  to  fall  freely  thro  the  correspond- 
_  ing  vert  ht  A  E. 

sin  a 

fbr  a  given  slide,  from"*  slide  slide 

rest  or  otherwise       i  ™*  mean  sliding  vel  **  %  (initial  +  final  sliding  vels) 

horizontal  stretoh,  as  E  C, 

base  EC  of  any  length,  as  A  C     __  j/AC-Ag 

Cosinea«lengtbAC=  that  length  """  AC 

m  —  hei8pt  A  E  _.  fall,  A  E,  in  any  given  length,  A  C  _  ]/A(?~Fg 

Blnea  length  AC  that  length  ~  AC 

*  Because  o  and  a  are  equal. 
+  By  acceleration,  tit  ihi»  artid*,  we  mean  the*  total  acceleration,  t.  e.,  the  whole 
change  in  Telocity  occurring  in  the  given  time  or  slide.   Vor  the  rate  of  acceleration 
w«  use  simply  the  letter  g. 
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Slide,  as  A  C 

in  a  given  time,  starting  from  rest  =  time  X  H  final  sliding  vel 

—  time  a  X  %  g.  sin  a. 
in  a  given  time,  starting  from  rest      iimA  ^  _       „ .. 
or  otherwise  =  time  X  mean  sliding  rel 

=  time  X  %  (initial  +  final,  sliding  veto) 

required  for  a  given  sliding  accel-  _,  sliding  acceleration* 
eration  (starting  from  rest)  =  2  g.  sin  a 

,J5.ui  i5  practice  the  sliding  on  the  plane  is  always  an. 

IT1?1  "*£  S*?*1*"*    To  *ndn«e  *■«  effect  of  friction,  w«  ha™ 

only  to  substitute. 

*  p  X  [sin  a  -  (cos  a.  coeff  fric)]  »  in  place  of  «  p.  sin  a  »  in  the  above  equations. 
Because 

Friction  =  Perpendicular  pressure  P  X  coefficient  of  friction 

=  weight  W  X  cosine  a  X  coefficient  of  friction 
and 

retardation  of  friction  =»  g  X  cosine  a  X  coefficient  of  friction. 
(For  table  of  coefficients  for  various  substances,  see  p  373.) 
Besnltant  sliding  acceleration 

=  theoretical  sliding  accel  (due  to  the  sliding  force,  S)  —  retardation  of  fric 
=  (g.  sin  a)  —  (g.  cosine  a.  coeff  fric) 

=  g  X  [sin  a  —  (cosine  a.  coeff  fric)  | 

If  the  retardation  of  friction  (=  g.  cos  a  X  coeff  fric)  is  not  less  than  the  total 
or  theoretical  accel  {"g.  sin  a")  the  body  cannot  slide  down  the  plane. 


PENDULUMS. 


The  numbers  of  vibrations  which  diff  pendulums  will  make  in  any  given  place  in 
a  given  time,  are  inversely  as  the  square  roots  of  their  lengths;  thus,  if  one  of  them 
is  4,  9,  or  16  times  as  long  as  the  other,  its  sq  rt  will  be  2, 3,  or  4  times  as  great ;  but 
its  number  of  vibrations  will  be  but "%, "%,  or  %  as  great.  The  times  in  which  diff 
pendulums  will  make  a  -vibration,  are  directly  as  the  sq  its  of  their  lengths.  Thus, 
if  one  be  4,  9,  or  16  times  as  long  as  the  other,  its  sq  rt  will  be  2,  3,  or  4  times  as 
great ;  and  so  also  will  be  the  time  occupied  in  one  of  its  vibrations. 

The  length  of  a  pendulum  vibrating  seconds  at  the  level  of  the  sea,  in  a  vacuum. 
In  the  lat  of  London  (61^°  North)  is  39.1393  ins;  and  in  the  lat  of  N.  York  (40$£* 
North)  39.1018  ius  A 1 1  ho  equator  about  -fa incD  shorter ;  and  at  the  poles,  about  ft 
Inch  longer.  Approximately  enough  for  experiments  which  occupy  but  a  few  sec, 
we  may  at  any  place  call  the  length  of  a  seconds  pendulum  in  the  open  air,  39  ins ; 
half  sec,  9%  ins ;  and  may  assume  that  long  and  short  vibrations  of  the  same  pen- 
dulum are  made  in  the  same  time ;  which  they  actually  are.  very  nearly.  For  meas- 
uring depths,  or  dists  by  sound,  a  sufficiently  good  sec  pendulum  may  be  made  of  a 
pebble  (a  small  piece  of  metal  is  better)  and  a  piece  of  thread,  suspended  from  a 
common  pin.  The  length  of  39  ins  should  be  measured  from  the  ceutre  of  the  pebble. 


PENDULUMS,    ETC.  3&5 

la  starting  the  vibrations,  the  pebble,  or  boh,  mast  not  be  thrown  into  motion,  bat 
merely  let  drop,  after  extending  the  string  at  the  proper  height. 

To  find  the  length  of  a  pendulum  read  to  make  a  given  number  of 
vibrations  in  a  min,  divide  375  by  said  reqd  number.  The  square  of  the  quot  will  be 
the  length  in  ins,  near  enough  for  such  temporary  purposes  as  the  foregoing.  Thus, 
tor  a  pendulum  to  make  100  vibrations  per  min,  we  have  ££4  =  3.75 ;  and  the  square 
of  3.75  =  14.06  ins,  the  reqd  length. 

To  fliMl  the  nnmber  of  vibrations  per  min  for  a  pendulum  of 
given  leugth,  in'  ins,  take  the  sq  rt  of  said  length,  and  div  375  by  said  sq  rt.    Thus, 

for  a  pendulum  14.06  ins  long,  the  sq  rt  is  3.75 ;  and  =-=  =  100,  the  reqd  number. 

Rm.  1.  By  practising  before  the  sec  pendnlnm  of  a  clock,  or  one  prepared  as  just 
stated,  a  person  will  soon  learn  to  count  5  in  a  sec,  for  a  few  sec  in  succession ;  and  will 
thus  be  able  to  divide  a  sec  into  5  equal  parts ;  and  this  may  at  times  be  useful  for. 
very  rough  estimating  when  he  has  no  pendulum. 

Centre  of  Oscillation  and  Percussion* 

Asm.  2.  When  a  pendulum,  or  any  other  suspended  body,  is  vibrating  or  oscillating 
backward  and  forward,  it  is  plain  that  those  particles  of  it  which  are  far  from  the 
point  of  suspension  move  faster  than  those  which  are  near  it.  But  there  is  always 
a  certain  point  in  the  body,  such  that  if  all  the  particles  were  concentrated  at  ft,  so 
that  all  should  move  with  the  same  actual  vel,  neither  the  number  of  oscillations, 
nor  their  angular  vel,  would  be  changed.  This  point  is  called  the  center  qf  osaUa* 
tion.  It  is  not  the  same  as  the  cen  of  grav,  and  is  always  farther  than  it  from  the 
point  of  suspension.  It  is  also  the  centre  of  percussion  of  the  suspended  vibrating 
body.  The  diet  of  this  point  from  the  point  of  susp  is  found  thus :  Suppose  the  body 
to  be  divided  into  mauy  (the  more  the  better)  small  parts ;  the  smaller  the  better. 
Find  the  weight  of  each  Dart.  Also  find  the  cen  of  grav  of  each  part ;  also  the  dist 
from  each  such  cen  6f  grav  to  the  point  of  susp.  Square  each  of  these  dists,  and 
mult  each  square  by  the  wt  of  the  corresponding  small  part  of  the  body.  Add  the 
products  together,  and  call  their  sum  p.  Next  mult  the  weight  of  the  entire  body 
by  the  dist  of  its  cen  of  grav  from  the  point  of  susp.  Call  the  prod  g.  Divide  p-byg. 
Thisp  is  the  moment  or  inertia  of  the  body,  and  if  divided  by  the  wt  of  the 
body  the  sq  rt  of  the  quotient  will  be  the  Radius  of  Gyration. 

Angular  Velocity. 

When  a  body  revolves  around  any  axis,  the  parts  which  are  farther  from  that 
axis  move  faster  than  those  nearer  to  it.  Therefore  we  cannot  assign  a  stated 
linear  velocity  in  feet  per  second,  or  miles  per  hour  etc,  that  shall  apply  to  every 
part  of  it.  But  every  part  of  the  body  revolves  arouud  an  entire  circle,  or 
through  an  angle  of  860°,  in  the  same  time.  Hence,  all  the  parts  have  the  same 
velocity  in  degrees  per  second,  or  in  revolutions  per  second.  This  is  ealled  the 
angular  velocity.  Scientific  writers  measure  it  by  the  length  of  the  axe  de- 
scribed by  any  point  in  the  body  in  a  given  time,  as  a  second,  the  length  of  the 
arc  being  measured  by  the  number  of  times  the  length  of  Us  own  raduu  it  con- 
tained in  it.    When  so  measured, 

Angular  velocity         linear  velocity  (in  feet  etc)  per  sec 
in  radii  per  second  —       iengtb  of  radius  (in  feet  etc) 

Here,  as  before,  the.  angular  velocity  is  the  same  for  all  the  points  in  the  body; 
because  the  velocities  of  the  several  points  are  directly  as  their  radii  or  dis- 
tances from  the  axis  of  revolution. 

In  each  revolution,  each  point  describes  the  circumference  of  the  circle  in 
which  It  revolves  ■•  2  *  r  (*  =*  8.1416  etc ;  r  =  radius  of  said  circle).  Conse- 
quently, if  the  body  makes  n  revolutions  per  second,  the  length  of  the  arc  de- 
scribed by  each  point  in  one  second  is  2  v  rn ;  and  the  angular  velocity  of  the 
body,  or  linear  velocity  of  any  point  measured  in  its  own  radii,  is 

a  .  ,  *  2  »  n  -»  say  6.2832  X  revs  per  second  =■  say  .1047  X  revs  per  minute. 

Moment  of  Inertia. 

8uppose  a  body  revolving  around  an  axis,  as  a  grindstone;  or  oscillating,  like 
a  pendulum.  Suppose  that  the  distance  from  the  axis  of  revolution  (which,  in 
the  pendulum,  is  the  point  of  suspension)  to  each  individual  particle  of  the 
body,  has  been  measured;  and  that  the  square  of  each  such  distance  has  beeu 
multiplied  by  the  weight  of  that  particle  to  which  said  distance  was  measured. 
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The  sum  of  all  these  products  is  the  moment  of  inertia  of  the  body.    Or 


Moment 
of  Inertia 


-{ 


I 


the  sum, 
for  all  the  particles  f 


(  weight  square  of  dist 

of     <      of      X   of  particle  from 
(.particle     axis  of  revolution 


or, 


I  =  2d*«;. 


Scientific  writers  frequently  use  the  mass  of  each  particle ; 

its  weisrht 

i  e, ; -: — ,  x    . — r — r-zzTi  instead  of  its  weight,  in  calculating 

acceleration  (g)  of  gravity,  or  about  32.2  °    '  ° 

the  moment  of  inertia. 

In  practice  we  may  suppose  the  body  to  be  divided  into  portions  measuring 
a  cubic  inch  (or  some  other  small  size)  each :  and  use  these  instead  of  the  theo- 
retical infinitely  small  particles.  The  smaller  these  portions  are  taken,  the 
more  nearly  correct  will  be  the  result. 

When  the  moment  of  inertia  of  a  mere  surface  is  wanted  (instead  of  that  of  a 
body),  we  suppose  the  surface  to  be  divided  into  a  number  of  small  areas,  and 
use  them  instead  of  the  weights  of  the  small  portions  of  the  body.  For  an  ex- 
ample, see  p  486. 

weight  of  body,  .«„«-*  «*• 

Moment  of  inertia  =  or  X  „„u  ®q"? ™ °Lnnn : 

area  of  surface       radlus  of  ^ration 

For  definition  of  Radius  of  gyration,  seep  440.    A  body  may  have  any  number 
of  radii  of  gyration,  depending  upon  the  position  of  the  axis  of  revolution. 

Table  of  Radii  of  Gyration. 


Body 


Revolving- 
around 


Radios  of  Gyration 


Any  body  or 
figure 


Solid  eylin- 
.  der 


ditto 

ditto,  infinitely 

short  (circular 

surface) 

Hollow  cyl- 
inder 

ditto,  infinitely 
thin 

ditto,  of  any 
thickness 

ditto,  infinitely 
thin 

ditto,  infinitely 
tbin  and  infinitely 
short  (circumfer- 
ence of  a  circle) 

Solid  apnere 


any  given  axis 


its  longitudinal 
axis 


a  cHam,  midway 
between  its  ends 


a  diameter 


its  longitudinal 
axis 

ditto 

a  diam  midway 
between  its  ends 

ditto 


a  diameter 
a  diameter 


v 


moment  of  inertia  around  the  given  axis 
weight  of  body,  or  area  of  surface 


radius  of  cylinder  X  -Jy 
=  radius  of  cylinder  X  about  .7071 


Vleng 


length  *        radius*  of  cylinder 
12,       +  4 

radius  of  cylinder 
2 


4 


inner  rad*  +  outer  rad* 


radius  of  cylinder 


v 


inner  rad*  +  outer  rad*       length' 

4  +  ~12~~ 


V 


radius8  of  cylinder     length* 
2  +      12 


radius  of  cylinder  X  -\-^- 
■■  radius  of  cylinder  X  about  .7071 


v 


radius*  of  sphere 
2.5 


*»  radius  of  sphere  X  l/~3" 

=  radius  of  sphere  X  about  .68246 


RADII   OF  GYRATION. 
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Table  of  Radii  of  Gyration,— Continued. 


Body 


Hollow 
sphere  of  any 

thickness   . 

ditto,  thin 

ditto,  infinitely 

thin  (spherical 

surface) 

Straight  line, 

ab 


1 


Solid  cone 

Circular 
'•  mlate,  of  rect- 
angular cross  sec- 
tion 

Circular 

jrtnff,  of  i  octan- 
gular cross  section 

Square,  rect- 
angle and 
other  aur- 


Revolving 
around 


a  diameter 
ditto 

ditto 

any  point,*, in  its 
length 

either  end,  a  or  6 

its  center,  e 
its  axis 


See  Solid  cylin- 
der 


See  Hollow  cylin- 
der 


Radius  of  Gyration 


/  2  (outer  rad*  —  inner  rad*) 
\  5  (outer  rad8  —  iuuer  rad8) 

approx  (outer  rad  +  inner  rad)  X  .4085 

radius  of  sphere  X  A]—*- 
=  radius  of  sphere  X  about  .8165 

Vasfi  +  so» 
3a* 

length  ab  X -J~- 
-=  length  ab  X  about  .6775 

=  length  abX  about  .2887 

radius  of  base  of  cone  X  \/~£~ 
as  radius  of  base  of  cone  X  .5477 


For  the  thickness  of  plate  or  ring, 
measured  perpendicularly  to  the  plane 
of  the  circumference,  take  the  length  of 
the  cylinder. 


For  least  radios  of  gyration,  or  that  around  the  longest  axis, 
see  p  440  and  441.  ^  ^ 
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CENTRIFUGAL  FORCE. 

When  a  body  a,  Fig.  1,  moves  in  a  circular  path  abd%  it  tends,  at  each  point,  as 
a  or  ft,  to  move  in  a  tangent  at  or  bt'  to  the  circle  at  that  point.  But  at  each 
point,  as  a,  etc.,  in  the  path,  it  is  deflected  from  the  tangent  by  a  force  acting 
toward  the  center,  c,  of  the  circle.  This  force  may  be  the  tension  of  a  string,  ca, 
or  the  attraction  between  a  planet  at  c  and  its  moon  a,  or  the  inward  pressure 
of  the  rails,  a  b,  on  a  curve,  etc.,  etc.  Like  all  force,  it  is  an  action  between  two 
bodies,  tending  either  to  separate  them  or  to  draw  them  closer  together,  and  act- 
ing equally  upon  both.  (See  Art.  5  (ft),  p.  308).  In  the  case  of  the  string,  it  pulls 
the  body  a,  toward  the  center,  <*,  and  the  nail  or  hand,  etc.,  at  c,  toward  the  body 
at  a  or  ft,  etc. ;  t.  e.,from  the  center.  In  the  case  of  a  car  on  a  curve  it  pushes  the 
car  toward  the  center,  and  the  rails  from  the  center.  The  pull  or  push  on  the 
revolving  body  toward  the  center  is  called  the  centripetal  force;  while  Use 
pull  or  push  tending  to  move  the  deflecting  body  from  the  center  is  called  t;ie 
centrifugal  force.  These  two  rf  forces,"  being  merely  the  two  "  sides  "  (as 
it  were)  of  the  same  stress,  are  necessarily  equal  ana  opposite,  and  can  only  exist 
together.  The  moment  the  stress  or  tension  exceeds  the  strength  (or  inherent 
cohesive  force)  of  the  string,  etc.,  the  latter  breaks.  The  centripetal  and  centrif- 
ugal forces  therefore  instantly  cease;  and  the  body,  no  longer  disturbed  by  a 
deflecting  force,  moves  on,  at  a  uniform  velocity,*  in  a  tangent,  at  or  ftr*,  etc.,  to 
its  circular  path ;  i.  *.,  at  right  angles  to  the  direction  which  the  centrifugal  force 
had  at  the  moment  it  ceased. 


(a).  A  single  reTOtTtng-  body,  a,  Fig.  1.    Let 

/  =  the  centrifugal  or  centripetal  force,  in  pounds. 
W  =  the  weight  of.  the  body  «,  in  pounds, 

R  =  the  radius  ca  of  the  path  of  the  center  of  gravity  of  the  body  tf,  in  feet, 
v  =  the  uniform  velocity  of  the  body  a  in  its  circular  path  ubd,  in  feet  §er 

second, 
ft  =  the  number  of  revolutions  per  minute, 
g  =  the  acceleration  of  gravity  «=  say  32.2  feet  per  second  (p.  362).  WO  g  =»  about 

28980. 
«-  =  circumference  -+-  diameter  =  say  3.1416.    (See  p.  123.)    *•  —  about  9.8609. 

Then,  for  the  centrifugal  force,  /: 

If  we  have  the  velocity  v  in  feet  per  second:  /  «  W  5-  f  •  •  •   G) 

H  g 


If  we  have  the  number  n  of  revolutions  per  minute :  /  —  W  ^J^- 1  •  •  •   (2) 


*Rn» 
9Wg} 
/=.  about  .0008406  WB»*{   .  .  .    (3). 


*  Neglecting  friction,  gravity,  the  resistance  of  the  air,  etc. 

f  For  let  at,  Fig.  1,  represent  the  amount  and  direction  of  the  velocity  v  of  the  body 
at  a  in  feet  per  second.  Then  at  the  end  of  one  second  the  body  will  have  reached 
the  point  ft  (the  arc  aft  being  made  =■»  at),  and  the  amount  and  direction  of  its 
velocity  at  ft  will  then  be  represented  by  the  line  ftr*  **  at  in  length,  but  differing  in 
direction.  Drawing  cu  and  cu'  at  the  center,  equal  and  parallel  respectively  to  at 
and  ftr*,  we  And  that  the  change  in  the  direction  of  the  motiou  (i. «.,  the  acceleration 
toward  the  center)  during  the  second  is  represented  by  the  arc  mm';  and,  since  angle 
neb  =-  angle  ugh',  we  have  the  proportion,  radius  U  "or  ac  :  ab  or  at ::  cu  or  at:  arc 
mm'.  In  other  words,  the  acceleration  uu'  in  one  second,  or  rate  of  acceleration,  la  — 
at*  v9 
B~  ""  "b  ;  and'  f°r  tbe  force  caU8,n« thftt  acceleration,  we  hare  (see  Art  9,  p.  310) : 

/  —  mass  of  body  X  rate  of  acceleration  —  mass  of  body  X  "W  -■  W  — 

}  By  formula  (1),/—  W„— .    But  v  »  — -—  ;andv*  — 


Ug  60      '  3600  900      ' 

»»  R»  a»  ir*Rn* 

I  Formula  (3)  it  obtained  from  (2)  by  substituting  the  valuta  9J896  and  88980  tor 
r*  and  900  g  respectively. 
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(ft)  Wheels  and  dines.   Suppose  the  rim  of  a  wheel  to  be  cut  into  very  short 
slices,  as  shown  (much  exaggerated)  at  a,  Fig.  2.    Then  for  each  slice,  as  a,  by 

formula  (1):  /=  weight  W  of  slice  X  tt~  ;*  and  if  each  slice  were  connected 


Fig.  3 


c 
Fig.  0 


n    m      c      n 
Fig.  7 


with  the  center  by  a  separate  string,  the  Bum  of  the  stresses  in  all  the  strings 
(neglecting  friction  between  adjacent  slices)  would  be : 

F  =  sum  of  centrifugal  forces  of  all  the  slices  t  =  weight  of  rim  X  -  —  .  .  .  (4). 

Kg 

But  the  stress  with  which  we  are  usually  concerned  in  such  cases  (viz. :  the 
tension  In  the  rim  itself  in  the  direction  of  a  tangent  to  its  own  cir- 
cumference) is  much  less  than  the  theoretical  quantity  F  obtained  from  formula 

(4),  being  in  fact  only  rrrr^  of  it.    For  suppose  first  that  the  same  thin  rim  is 

O.ZOOZ 

cut  only  at  two  opposite  points  m  and  n,  Fig.  3,  and  that  its  two  halves  are  held 
together  only  by  the  string  S. 


•  If  the  rim  is  very  thin  in  proportion  to  its  diameter  mn,  we  may  take  the  center 

of  gravity  of  each  slice  as  being  in  a  circle  mn  midway  between  the  inner  and  outer 

.»         *  ^    _*  ^.    x  ^       inner  radius  -j-  outer  radius     _  .       _  .  . , 

edges  of  the  rim,  so  that  B  = .    In  a  rim  of  appreciable 

& 

thickness,  this  is  not  the  case,  because  each  slice  is  a  little  thicker  at  its  outer  than  at 

its  inner  end.   See  Fig.  5.    Hence  its  center  of  gravity  is  a  little  outside  of  the  curved 

line  mn,  Fig.  2. 

t  In  a  perfectly  balanced  rim  (».  «.,  a  rim  whose  center  of  gravity  coincides  with  its 

center  of  rotation,  as  in  Flir.  3)  the  centrifugal  forces  of  the  particles  on  one  side  of  c 

counterbalance  those  on  the  opposite  side.    Here,  too,  R  =  0     Hence,  as  a  whole, 

such  a  rim  has  no  centrifugal  force ;  i.  e.,  no  tendency  to  leave  the  center  in  any  one 

direction  by  virtue  of  its  rotation.    But  if  the  two  centers  do  not  coincide  (Fig.  4), 

then  the  rim  is  a  single  revolving  body,  and  its  centrifugal  force  is:  /  =  weight 

of  entire  rim  X  zr~  >  where  R  is  the  distance  between  the  two  centers,  and  v  the 

B  g 
velocity  of  the  center  of  gravity  a.    The  force  /  acts  in  the  line  joining  the  two 
centers. 
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Then :  *  (tee  figures  and  notation  on  p.  369  b,  opposite.) 

F 
semi-circuinference  rnzn :  diameter  mn  : :  —  :  pull  on  the  string  S ; 

so  that 

poll  on  _  half  weight       tfi_       2  _  weight         v*       F_     F 

string:  S  ~      of  rim      X  Rg  X  ~jt  "  of  rim  X  Rgw~~  n~  3.1416 '  *  ' (  ); 

and  if  the  rim  is  now  made  complete  by  joining  the  ends  at  m  and  n,  and  if  the 
string  S  is  removed,  then  the  pull  on  the  string  by  formula  (5)  will  be  equally 
divided  between  m  and  n.  Hence  each  cross-section,  as  m  orn,  of  the  rim,  will 
sustain  a  tensile  stress  equal  to  half  the  pull  on  the  string;  or 

*^..iA.  #..!«.      F           F           weight  of  rim  X »'  ftt. 

tension  In  rim  «  -  «  -;2— mRg (6). 

The  centripetal  force, /,-Fig.  2,  holding  any  part  o  of  the  rim  to  its  circular  path, 
is  the  resultant  of  the  two  equal  tensions  at  the  ends  of  that  part. 
For  the  stress  per  square  inch  of  cross-section  of  rim,  we  have : 


unit  stress 


tension  in  rim 


area  A  of  cross-section  of  rim,  in  square  inches 

_       F       _  weight  of  rim  X  v*  m 

-  6.2832  A"*         6.2832  A  R^         *  '' 

We  shall  arrive  at  the  same  result  if  we  reflect  that  the  pull  in  the  string  8 
or  the  sum  of  the  two  tensions  at  m  and  n,  is  equal  to  the  centrifugal  force/ ot 
either  half  of  the  rim,  revolving,  as  a  single  body,  about  the  center  c.  Find  the 
center  of  gravity  G  of  the  half  rim,  and  then,  in  formula  (1),  use  the  velocity  of 
that  point,  and  the  radius  cG  instead  of  velocity  at  z  and  radius  cz  respectively ; 
thus: 

pull  in  .triog  -  /=  ^Wrta"*-  'eight of  h^f-rlm  X  Js!^^i 

and  half  of  this  is  the  tension  in  each  cross-section  of  the  rim.f 

Jf  the  rim  were  infinitely  thin,  cG,  Fig.  3,  would  be  0.6366  cz.  See  (8  a),  p.  351  a. 
If  its  thickness  must  be  taken  into  consideration,  and  if  it  is  of  rectangular 
cross-section,  find  t  he  centers  of  gravity  g  and  g*,  Fig.  6,  of  the  whole  semicircular 
segment  cz  and  of  the  small  segment  eo  respectively  {eg  =  0.4244  or,  and  eg'  =. 
0.4244  cb.    See  (19  a),  p.  351  d.)  Then  (p.  350) : 

i/G        <•  v  area  °f  entire  segment  cz 
^        *r  X         area~of  halT rim        ' 
For  rims  of  other  than  rectangular  cross-section,  use  formula?  (4),  (5)  and  (6). 

In  a  disc,  such  as  a  grindstone,  the  tension  in  each  full  cross-section 
mn.  Fig.  7,  is  equal  to  the  centrifugal  force  /  of  hittf  the  disc.  Let  W  =  weight 
of  half  disc.  The  distance  cG  from  the  center  c  to  the  center  of  gravity  G  of 
the  half  disc,  is  cG  =  0.4244  cz ;  and  the 

*  In  Fig.  2,  let  the  centrifugal  force  of  any  slice,  o,  be  represented  by  the  diagonal, 
/«  of  a  rectangle,  whose  sides,  H  and  V,  are  respectively  parallel  and  perpendicular 
to  the  given  diameter  rhn.  Then  H  and  V  represent  the  components  of  /  in  those 
two  directions.  The  equal  and  opposite  horizontal  components  H,  of  o  and  of  tip- 
corresponding  slice  o',  being  parallel  to  mn,  have  no  tendency  to  pull  the  rim  apart  at 
m  or  a.  Hence,  the  pull  on  a  string  S,  Fig.  3,  perpendicular  to  mm,  is  the  sum  of  th<* 
components  V  of  all  the  slices.  For  each  very  thin  slice,  Fig.  6  (greatly  exaggerated , 
we  have  (since  angle  A  =  angle  A') : 

Length  I  .  its  horizontal  . .  centrifugal  force .    its  vertical 
of  slice   '  projection,  p  ' '       /,  of  slice       *  component  V. 

Hence,  for  the  entire  half-rim  ma,  Fig.  3  (made  up  of  such  slices),  we  have : 

the  sum  of  the 


the  sum  of  the  centrif- 

those  slices; 


Length  mm  .  its  horizontal    . .  *"°?  #"*  1  "J  «n  ♦£  •  ▼e^0*1  oompo- 
ofSf-rlm    'projection*.  «  ^tf™  lU^  2?£  .T  *f.  •" 


which  is  identical  with  the  proportion  at  top  of  }>age. 

t  The  rims  of  revolving  wheels  are  usually  made  strong  enough  to  resist  the  tension 
due  to  the  centrifugal  force,  without  aid  from  the  spoket,  which  thus  have  merely  to 
support  the  weight  of  the  wheel.  But  if  the  rim  break*,  the  centrifugal  forces  of  its 
fragments  come  entirely  upon  the  spokes ;  aud,  since  the  breakage  is  always  irregu- 
lar, some  of  the  spokes  will  always  receive  more  than  their  share. 
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tension  fln  .....  =  f  =  W  &U*®1  =  w ,04244'  (vel.  at  z)> 


rad.  cQXff 
.„  0.4244  (vel.  at  g)« 

0.4244  ir»  n»  a? 
900^ 

The  stress  per  square  inch  in  any  full  section  mn  is 

tension  in  mn 


=  W 


0.4244  czXg 
(8). 


unit  stress 


area  of  cross-section  in  square  inches.' 


=  W 


W 


0.4244  (velocity  at  s)a 


diam.  urn,  ins.  x  thickness,  ins.  Xc*Xg 

0.4244  ir»  n»  cz 

diam.  mn,  ins.  X  thickness,  ins.  X  900  g 


.  .   .(10). 
.  .  .(11). 


mr 


1      Fig.  3 


rp 


Fig.  5 


c 
Fig.  O 


n   m      c      n 
Fig.  7 


f  =■  the  centripetal  force,  in  pounds,  acting  upon  a  single  revolving  body.  tf, 
Figs.  1,  2,  4  and  5,  or  upon  the  half-rim  or  half-disc,  Figs.  3,  G  ana  7 
=  the  centrifugal  force  exerted  by  such  body. 

F  =  the  sum  of  the  centrifugal  forces/,  of  all  the  particles  of  a  rim,  Fig.  3. 

W  =  the  weight  of  the  body,  in  pounds. 

R  =  the  radius  ca,  Figs.  1,  4  and  5,  of  the  path  of  the  center  of  gravity  of  the 
body. 

v  ~  the  uniform  velocity  of  the  body  in  its  circular  path,  in  feet  per  second. 

n  =»  the  number  of  revolutions  per  minute. 

g  —  the  acceleration  of  gravity  =  say  32.2  feet  per  second.  900  g  =  about 
28980. 

circumference  « .,««       •       v     +no*M 

*  -  — ^ : =  s»y  3.1416.    ir«  =  about  9.8696. 

diameter 

In  a  rolling*  wheel,  each  point  in  the  rim,  during  the  moment  when  it 
touches  the  ground,  is  stationary  wiih  rupect  to  the  earth ;  but  each  particle  has 
the  same  velocity  about  the  center  as  if  the  latter  were  stationary,  and  hence  the 
centrifugal  force  has  no  effect  upon  the  weight. 


370  FRICTION. 

FRICTIOJT. 

Art.  1.  When  one  rough  body  rests  upon  another,  the  projections  and  de- 
pressions forming  the  roughnesses  of  their  surfaces  of  contact  interlock 
to  a  greater  or  Jess  extent;  and,  in  order  to  slide  one  over  the  other,  we  must 
expend  a  portion  of  the  sliding  force,  either  in  separating  the  bodies  (as  by  lift- 
ing the  upper  one)  sufficiently  to  clear  the  projections,  or  in  breaking  off'some 
of  the  projections  and  elearing  the  others. 

Thus,  lei  B  rig.  1  a  p.  318  e,  represent  one  of  the  minute  projections  (highly  magni- 
fied) on  the  snrf  of  the  lower  body:  a  one  of  those  of  the  upper  body;  and  Fg 
a  force  tending  to  slide  the  upper  body  hor  over  the  lower  one.  To  do  so  it  must 
separate  the  two  bodies  (by  pushing  the  upper  one  up  the  inclined  plane  st)  un- 
til a  clears  4;  but  it  may  reduce  the  height  of  this  lift  by  grinding  or  breaking 
off  a  part  of  t  or  of" a.  It  is  immaterial  whether  the  surf  of  contact-is  hor,  in- 
clined or  vert.  The  separation  of  the  two  bodies  must  take  place  in  opposition 
to  whatever  force,  acting  perp  to  the  snrf  of  contact,  tends  to  hold  them  to- 
gether. 

The  surfs  of  all  bodies  are  more  or  less  rough.  Hence  this  interlocking  takes 
place  to  some  extent  between  even  the  smoothest  surfs.  Without  it,  the  most 
powerful  vise  could  not  prevent  the  lightest  wt  from  falling  out  of  its  jaws;  aud 
the  smallest  conceivable  force  would  slide  the  greatest  conceivable  wt. 

The  resistance  which  the  sliding  force  thus  encounters  is  called  friction.* 

Art.  9.  Friction  always  tends  to  prevent  relative  motion  of  the  two  bodies 
between  which  it  acts;  i  e,  motion  of  one  of  the  bodies  relatively  to  the 
other.  In  doing  so,  however,  it  tends  equally  to  cause  relative  motion  be- 
tween each  of  those  two  and  a  third,  or  outside  body.  Thus,  the  fric  between 
a  belt  and  the  pulley  driven  by  it,  tends  to  prevent  slipping  between  them; 
but  thus  tends  to  make  the  belt  slip  on  the  driving  pulley,  and  sets  the 
driven  pulley  and  its  shaft  in  motion  relatively  to  the  bearing  in  which  the  shaft 
revolves.  This  motion  is  resisted  by  the  fric  between  journal  and  bearing;  and  this 
fric,  in  turn,  tends  equally  to  make  the  bearing  revolve  with  the  journal,  and  to 
make  the  belt  slip  on  the  driven  pulley. 

Art.  3.  The  Trie  between  two  bodies  at  rest  relatively  to  each  other  is  called 
static  friction,  or  fric  of  rest.  That  between  two  bodies  in  relative  motion 
is  called  Kinetic  friction  or  fric  of  motion. 

Art.  4.  (a).  The  ultimate  or  maximum  static  fric  between  two 
bodies,  as  U  and  L  Fig  1,  (or  the  greatest  fric  resistance  which  they  are  capable 

of  opposing  to  auy  sliding  force  when  at  rest)  is 
equal  to  a  force  (as  that  of  the  wt  F)  which  is  just 
iiuqu  the  point  of  making  U  begin  to  slide  upon 
L.f  Thus  fric,  like  other  forces,  may  be  expressed 
in  weights,  as  in  lbs. 

(b)  A  resistce  cannot  exceed  the  force  which  it 
resists.}:    Therefore  if  F  is  less  than  the  ult  static 
ITijr.  l  fric  between  U  and  L,  the frictional  resistce  actually 

exerted  by  them  is  also  less.  When  F  is  =  the  uH 
fric  (and  17  is  therefore  on  the  point  of  sliding)  the  actual  resistce  is  =  the  ult 
stat  fric.    If  F  exceeds  the  ult  stat  fric,  the  excess  gives  motion  to  U. 

*  Art.  5.  If,  when  a  body  is  in  motion,  all  extraneous  forces  and  resistce*  are 
removed  or  kept  in  equilib,  it  moves  at  a  uniform  vel.  Hence,  if  the  force,  F 
Fig  1,  is  just  =  the  ult  kinetic  fric  between  U  and  L,  their  vel  is  uniform.  If  F 
exceeds  this,  the  excess  accelerates  the  vel.  If  the  ult  kinetic  fric  exceeds  F,  the 
excess  retards  the  vel.  Thus  the  actual  fric  resistce  exerted  by  two 
bodies  in  relative  motion  is  =  their  ult  kinetic  fric  *=  that  fonfte  (as  F)  which 
can  just  maintain  their  relative  vel  uniform. 

Hence,  if  the  hor  surf  S  upon  which  L  rests,  could  be  made  perfectly  friction- 
less,  the  pres  of  L  against  the  lug  m  (which  would  then  always  he  =  the  actual  fric 
resistce  between  U  and  L)  would  also  be  =  their  «#  fric  so  long  as  U  continued  in 
motion  over  L,  and  might  therefore  be  greater  or  less  than  or  =  F;  bat  when 

*  "  Friction  "  (meaning  rubbing)  \n  a  misnomer  in  m>  far  a*  it  implies  that  robbing  most  take 
place  In  order  to  produce  the  resistance.  For  we  meet  this  resistance,  not  only  during  rubbing,  bat 
aUo  before  motion  (or  rubbing)  takes  place.  "  Resistance  of  roughness  "  would  better  express  its 
nature. 

t  We  here  neglect  the  fric  of  the  string  and  pulley,  and  assume  that  oil  the  force  of  the  wt  P  is 
transmitted  by  the  string  to  U. 

Ufa  resisting  force  exceeds  the  force  resisted,  the  excess  is  not  resistoe,  but  motive  force. 
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U  was  at  rest  the  prea  against  m  would  be  =  Ftand  less  than  (or  at  most  just  =) 
the  ult  fric. 

Art.  6.  Since  no  surface  can  be  made  absolutely  smooth,  some  separation  of 
the  two  bodies  must  in  all  cases  take  place  hi  order  lo  clear  such  projections  as 
exist*  Hence  the  fric  is  always  more  or  less  affected  by  the  ntnouut  of  the  pern 
pies  which  tends  to  keep  them  together. 

The  proportion  which  the  ult  fric,  in  a  given  case,  bears  to  the  perp  pros,  is 
called  the  coefficient  of  friction  for  that  case.    Or, 

Coefficient  of  friction  =       ult i,nate  f riction 


perpendicular  pressure 
and 

Ultimate  friction  =  perp  pres  X  coeff  of  fric 

Thus,  if  a  force  F  Fig  1,  of  10  fts,  just  balances  the  ult  fric  between  U  and  L, 
and  if  the  wt  of  U  (the  perp  pres  in  this  case  since  the  surf  between  U  and  L  is 

kor)  is  50  ft*,  then  the  coeff  of  fric  between  U  and  L  is  =  — ~  =  .2. 
__  ._ .  60  fl>8 

The  coeff  is  usually  expressed  decimally,  or  by  a  common  fraction  : 

but  sometimes,  as  in  the  case  of  railroad  cars  and  engines,  in  lbs  (of  fric)  per  ton 

(of  perp  pres).    Or  by  the  u angle  of  fric  "  in  degs  and  mins.    (Art.  61,  p  353.) 
The  coeff  isdiff  fordiff  materials;  and,  in  a  given  material,  varies  with  the 

smoothness,  cleanness,  dryness  etc  of  the  surf. 

Art.  7.    The  coeff  of  static  fric  may  be  found  experimentally, 
either  as  in  the  above  example, or  by  inclining  the  surf  of  contact,  as  in  Art.  61, 

I)  353.   Expts  on  fric  with  unguents  cannot  well  be  made  on  a  small  scale  in  the 
atter  way;  on  account  of  the  stickiness  or  cohesion  of  the  unguent. 

Art.  8.  (a)  To  find  the  coeff  of  kinetic  fric,  allow  one  of  the  bodies, 

U  Fig 2,  to  slide  down  an  inclined  plane  AC 
formed  of  the  other  one  and  having  any  con- 
venient known  steepness  ACE  greater  than 
the  angle  of  fric  (Art  61,  p  353).'  Note  the  vert 
dist  AE  through  which  U  descends  in  eliding 
any  dist  as  AC,  (AE  =  AC  X  sine  of  ACE, 
table  of  sines  etc,  pp  60  etc) ;  also  its  actual 
__  sliding  vel  in  ft  per  *>ec  on  reaching  C.  Calcu- 
jris.Q  late  the  t*rf  dist  AD  through  which  it  would 

have  to  descend  along  the  plane  (from  A  to  B) 

*  »     il  x      ■  ,*m*  a,      /lft  velocity*  in  ft  per  sec     \ 

to  acquire  that  vel  if  there  were  nojrie.    I  A  D  =  -—- : — -r-^ ,   r  . 1 . 

M  '  \  twice  the  accel  g  of  grav*/ 

Find  DE(  =  AE— AD),  and  thehordist  EC  corresponding  to  AC  (EC  =  ACX 

cosine  A  C  E  ==  VAC8— AE*).    Then 

DE 
Coeff  of  the  average  fric  in  sliding  from  A  to  C  =  -~^ 

because,  if  we  let  AE  represent  the  total  sliding  force  expended  (in  moving  U 
from  A  to  C  and  in  overcoming  the  fric) ;  then  AD  represents  the  portion  of 
A E  expended  on  vel;  and  DE  that  expended  on  fric,  and  therefore  =  the  fric 
j»    f     .,.,.,  ~~     „MX  AE      sliding  force 
itself.    And  (Art.  62,  p  853)  m  -    t^pn,  ■ 

Hence    DE-   frlctlon    -codT 
EC      perp  pres 

(b)  Or,  find  the  sine  and  the  tangent  (table  pp  60  etc)  of  ACE;  and  the  dist 
A  C  (  —  time2  in  sees  X  J  9*  X  sine  of  ACE)  through  which  U  would  slide  in  a 
given  time  if  there  were  nofiric.  Measure  the  dist  A  B  through  which  it  actually 
tlides  in  that  time ;  and  find  B  C  —  A  C  —  A  B.    Then 

coeff  of  the  average  l_*„..  T*n»_*—  *™  ~  fiC 


}=tanDCE  =  tan  ACEX 


fric  in  sliding  from  A  to  B J  AC 

because 

*  g  =  about  32.2 ;  2  g  =  about  64.4. 
28 
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(1st)    A  0  :  A  B  :  B 0    ::    A  E  :  A  D  :  D B 

»  due  toTtl^lidiaf  &rce  :  tho  -*-1  ™locit,  :  the  fric.ional    retardation 

sliding  force  employed     the  friction,  or  the  sliding 
: :  the  total  sliding  force  :   in  giving  the  actual    :    force  required  to  balance 

velocity  the  friction. 

And»  if  A  E  is  —  the  total  sliding  force,  then  E  0  is  =  the  perpendicular  pressure; 
and  (Art.  62,  p.  363.)    DB  _  ^  cogent  of  friction  -  tangent  of  D  0  E. 

EC 
(2nd)  Owing  to  the  similarity  of  the  two  triangles,  A  B  D  and  A  C  E,  we  have 

AC:BC::AE:DE::  ^J?:?2!l.  ::  tangent  AGE  :  tangent  DCS. 

EO    EC 

Art.  9.  In  1831  to  1834,  Gen'l  Arthur  Morln*  experimented  with 
pressures  not  exceeding  about  30  lbs  per  sq  in;  and  arrived  at  the  following 
conclusions  in  regard  to  sliding  fric  where  the  perp  pres  is  considerably  less 
than  would  be  necessary  to  abrade  the  surfs  appreciably.  These  were  for  a  long 
time  generally  regarded  as  constituting  the  three  fundamental  laws  of 
trie.    But  sec  Art.  11,  p  374. 

1st.  The  ult  fric  between  two  bodies  is  proportional  to  the  total  perp  force 
which  presses  them  together;  i  e,  the  coeff  is  independent  of  the  perp 

pres  and  of  its  intensity  (pres  per  unit  of  surf).    Hence 

2d.  For  any  given  total  perp  pres,  the  coeff  is  Independent  of  the 
area  of  surf  In  contact. 

If  upon  a  hor  support  we  lay  a  brick,  measuring  8X4X2  ins.  first  upon  its 
long  edge  (8X2  ins)  and  thou  upon  its  side  (8X4  ins),  we  double  the  area  of 
contact,  while  the  total  pres  (the  wt  of  the  brick)  remains  the  same,  and  thus  re- 
duce the  pres  per  sq  inby  one-half.  Consequently  (the  coeff  remaining  practically 
the  same)  we  have  only  half  the  fric  per  sq  in.  But  we  have  twice  as  many  sq  ins 
of  contact,  and  therefore  the  same  total  fric. 

But  if  we  can  increase  or  diminish  the  area  of  contact  without  affecting  the  pres 
per  sq  in,  the  total  pres  will  of  course  vary  as  the  area,  and  the  total  fric  will  vary 
in  the  same  proportion,  for  the  coeff  remains  the  same.  Thus,  if  we  place  two 
similar  sheets  of  paper  between  the  leaves  of  a  book  (taking  care  not  to  place 
both  sheets  between  the  same  two  leaves)  and  then  squeeze  the  book  in  a  letter- 
copying  press,  it  will  require  about  twice  as  much  force  to  pull  out  both  sheets 
as  to  pull  out  only  one  of  them. 

Sd.  Although  the  coeff  of  static  fric  between  two  tiodies  is  often  much  greater 
than  their  coeff  of  kinetic  fric;  yet  the  coeff  of  kinetic  fric  is  Inde- 
pendent of  the  vel. 

This  applies  also  (approx)  to  the  fric,  and  hence  to  the  uork  (in  foot-pounds  etc) 
of  overcoming  fric  through  a  given  di.it;  for  then  the  work  ( ■=  resistce  X  dist)  is 
independent  of  the  vel.  But  in  a  given  time,  the  dist  (and  consequently  the 
work  also)  of  course  varies  as  the  vel.    See  Art  21,  p  874/. 

Art.  10.  (a)  Some  kinds  of  surfaces  appear  to  interlock  their  protections 
much  more  perfectly  when  at  rest  relatively  to  each  other,  than  when  in  even 
very  slow  motion  ;  and  in  some  cases  the  degree  of  interlocking  seems  to  in- 
crease with  time  of  contact.  Hence  there  is  often  a  great  diff  in  amount  between 
fric  of  rest  and  fric  of  motion.  Thus,  Gen'l  Morin  found  that  with  oak  upon 
oak,  fibres  of  the  two  pieces  at  right  angles,  the  resistce  to  sliding  while  still  at 
rest,  and  after  being  for  "some  time  in  contact,"  was  about  one  eighth  greater 
than  when  the  pieces  had  a  relative  vel  of  from  1  to  5  ft  per  sec. 

fb)  But  experience  shows  that  even  very  slight  jarring  suffices  to  remove  this 
diff;  and  since  all  structures,  even  the  heaviest,  are  subject  to  occasional  jarring, 
(as  a  bridge,  or  a  neighboring  building,  or  even  a  hill,  during  the  passage  of  a 
train ;  or  a  large  factory  by  the  motion  of  its  machinery ;  or  in  numberless  cases, 
by  the  action  of  the  wind)  it  is  expedient,  in  construction,  not  to  rely  on  fric  for 
stability  any  further  than  the  coeff  for  moving  fric  will  justify.  When  it  is  to  be 
regarded  as  a  resistce,  which  we  must  provide  force  for  overcoming,  it  should  be 
taken  at  considerably  more  than  our  tabular  statement,  p.  373. 

*  Bee  hta  "  Fundamental  Ideas  of  Mecbaulcs",  translated  by  Jos.  Bennett;  D.  Appleton  A  Oo» 
New  York,  I860. 
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Art.  11.  Recent  ciperiinecle,  wltli  much  greater  isriitlons of  prn and  of 
•  el,  and  with  iiK.rsd.-Ik-aK'Ri.parMMia  ft.r  detecting  alight  changes  iu  1  he  cor  IT, 
■.though  glviugcuuflicii.igreauli^ahiiw  thattlie!  thnc  lam  la  Art.  > 
urs  liir  I  mm  or  reel  tur  miris  luuvni,;  *l  high  vtls,  and  under  great  pre*;  hi  id 
that  [hey  are  only  approximately  correct  for  ordinary  Tela  and 
pressures;  for  ihecoeffia  Fguud  tu  mry  Iwth  with  the  intensity  of  the  pree  and 
Willi  the  tel,  u  alto  with  toe  temperature.*  But  in  the  cues  with  which  the 
civil  enBin™r  I.bh  rnmil.  10  d.„l,  flight  diffi.  in  the  character  of  the  eurfa.  or 

the  limits  of  abrasion,  we  may  generally  lake  itorin'a  rules  an  sufficiently  cop- 


It  will  be  aeeu  lliat  at  lowieln  the  coeffdeereaeed  when  tha  pre*  pep  aq  In  waa 
almost  Imperceptibly  increased ;  but  this  dlff  disappeared  aa  the  Tel  Increased. 
At.  >els  from  4  to  ISO  ins  psr  »™.  U«  <™n"  generally  decreased  u  I  ha  <el  iu- 
c««ii«ii  i  rapidly  a t  firat,  but  mure  pl-jii- 1 va,u lie  V.-1  beta ui e  greater.  Thlsagreee 
willi  "i  her  recent  eipis.  ButatTery  lowTela  (.OS  to  5  las  pep  see)  Prof. Kimball 
found  the  coeff  (tiiie  E|  fncrmiitw  eery  rapidly  mlhUevtL 

We  hare  made  the  scale  of  coerJi  large  in  order  to  abow  their  Tirtal  ions,  which 
are  bo  slight  that  they  would  otherwise  be  acaroalr  perceptible.  Lew  delicate 
expta  would  haTO  failed  to  show  Ihem  at  all. 

Art.  13.  fat)  In  1878  Ow.pt.  Dvaarleui  Ow.1  ton  and  Mr.  Owrara  Weat- 
InfhDiw,  Jr.,  made  careful  eiperlmenu  in  Enjriund  to  ascertain  CM  eawjet  ul 
friction  In  connection  with  laUwaybnliH.]    The  friction  and  preaaon  wan 


boglsdenreiM  under  the  hi. her  pro.     Tim  pnttoha  tail  fcrohei  e*  m.j 

■id  (inn  mil  InrUipf  rid~ea  the  Mil  .ai  lucMff.  w  (II  uevlar  ud  hard) 


erohn  •■••  ;  «r.d  tnmic  ihuit  t'nw 
ohm  laJIrHUr  •*•«•  II  hy  fucreu 
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nntninallcally  recorded  by  means  of  hydranllo  mm    With  Out  iron 

and  ttHM  wnodM  MMk  *3M  Inches  in  imiH,  they  found  awn. 

m  ahown  In  Fir.  4.  ™ 

The  points  In  Knee  A,  B  end  C  snow  the  average  brake  coeffs.  or  coeflk  of  elid- 
ing Me  between  tbe  treed  of  a  rolling  wheel  and  tbe  fcrafa-Wi   ' 


i  of  brake 
f  sliding  fric  between  the  tread  of  m  ,li. 


(b)  From  Usee  A  B  and  C  It  appears  that  the  brake  coeff  obtained  at  * 
giren  lengih  of  time  after  the  application  of  the  brake  whs  generally  creator 

at  lowtMm  St  hlftm  VClH.     Bui  where  [tie  Tel  km  maintain,' ~  uniu.rm 


the  brake  coeffwu  .184  when  the  brake  wet  first  applied  (point  pi,  hut  Ml  i... 
.096  In  S  wei  (r>.  Line  A  (Immed'y  after  application)  shows  a  Wither  t.ralt.:  eoeff 
j.lS!J>t./)at  471  miles  than  line  B  (3  sees  after  application)  shows  at  S7(  mi  lei 

'  The  diminution  of  the  rail  coeff  with  length  of  time  of  application  of  brake. 
was  scarcely  noticeable. 

(e)  When  the  brake  fric  (awing  to  the  reduction  of  Tel  and  consequent  in- 
crease of  coeff)  becomes  —  ihe  "adhesion  "or  sialic  frlc  between  the  mil  and 
the  tire  of  the  rolling  wheel,  [Level  of  rotation  rapidly  fulls  below  thai  due  W 
tbe  vel  of  the  ear;  i  ',  the  nfc«l  bCarltlH  Ut  "  sliid  "  or  slide  string  the 
rail:  anil  In  from  .VS  to  Usees  (tic  fotsllou  of  the  wheel  rensefl  elitlrel.. 

|d]  The  rail  mmC  line  D,  Is  generally  much  leu  than  Ibe 
brake  eoefi",  lines  A,  BandC  The  pre- un  Hie  rail  i  ~  ne  wt  on  a  wheel) 
waa  about  WOO  *a  per  an  in,  or  greatly  in  etsmof  the  limit,  of  abrasion.  That 
at  the  brake  wis  about  200  ma  per  sq  In.    A  few  expts  were  made  with   brake 

per  sq  In  undaragVren  total  pre*.    They  failed  'to  show  conclnsirely  that  this 
caused  anr  marked  change  in  the  coeff. 
(«)  The  rail  even",  line  D,  like  ilie  brake  coeff,  I nereaae*  as  the  vel 

least  until,  ai.-the  moment  of  slopping,  It  la  generally  even  greater  than  the 
brake  coeffjuat  before  akldding.  With  steel  tires  on  iron  rails  st  high  veli  It  *bs 
somewhat  greater  than  on  steel  mill,  but  this  difl* disappeared  u  tbe  vel  dim  in- 


(f }  Loeainatlvea  overcome  resistces  —  from  I  lo  J  or  more  of  the  -t  on 
all  ihedrlreia;  fe,  they  hate  acoelfor  .33  or  more,  although  the  eiperl menial 
ooeff  for  ateet  on  steel  in  motion  St  low  pres.  Is  only  about  ,15,  But  the  (:a«e.  nru 
sodlfftbat  a  similarity  in  their  coeffli  could  hardly  be  ei peeled.  The  great  wt, 
say  from  2  to  Dor  eien  7  tons,  on  a  driver,  i>  concentrated  on  a  surf  [when  the 
wheel  touchee  the  rail)  shout  2  Ins  long  X  ahnnl  }  inch  wide,  or  — say  I  aq  In. 
The  pre*  persq  in  thus  greatly  exceeds  not  only  that  upon  which  tbe  tables  are 
baaed,  but  alao  the  limit  of  abrialon.    Ueaidee,  any  point  In  Ibe  tread,  during 
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the  instant  when  it  is  acting  as  the  fulcrum  for  the  steam  pros  in  the  cyl,  is ' 
stationary  upon  tiie  rail.    Its  trie  (miscalled  "  adhesion  ")  is  t  lie  re  fore  static. 

Capt.  Gal  ton  found  that  the  coeff  of  "  adhesion  "  was  independent  of 
the  vel,  and  depended  only  on  the  character  of  the  surfs  in  contact.  With  a 
four-wheeled  car  having  about  5000  lbs  load  on  each  wheel,  it  was  generally  over 
.20  on  dry  rails ;  in  some  cases  .25  or  even  higher.  On  wet  or  greasy  rails,*with- 
out  sand,  it  fell  as  low  as  .15  in  one  case,  but  averaged  about  .18.'  With  sand 
on  wet  rails  it  was  over  .20.  Sand  applied  to  dry  rails  before  starting  gave  .35 
and  even  over  .40  at  the  start,  and  an  average  of  about  .28  during  motion ;  hut 
sa nd  applied  to  dry  rails  while  the  car  was  in  motion  was  apt  to  be  blown  away 
by  the  movement  of  the  car  and  wheels. 

(g)  Owing  to  the  constancy  of  the  coeff  of  "  adhesion  "  under  given  conditions 
of  tire  and  rail,  the  brake  fric  necessary  to  "skid"  the  wheels  in  any  case  was 
also  practically  constant  for  all  vels.  But  at  high  vels,  owing  to  the  lower  brake 
coeff,  a  higher  brake  pres  was  reqd  to  produce  this  fixed  amount  of  brake  fric 
The  skidding  also  reqd  a  longer  time  than  at  low  speeds. 

Art.  14.  If  the  pres  is  sufficient  to  produce  abrasion  (indeed,  while  it  is 
much  less)  the  fric  often  varies  greatly,  Dut  no  precise  law  has  yet  been  discov- 
ered for  estimating  it.  Rennie  gives  the  following  table  of  coefls  of  fric 
of  dry  surfaces,  under  pressures  gradually  Increased  np  to 
the  limits  of  abrasion.  It  will  be  noticed  that  in  this  table  the 
coeff  generally  increases  with  the  intensity  of  the  pres : 

Coefls  of  friction  of  dry  surfaces,  under  pressures  grad- 
ually increased  up  to  the  limits  of  abrasion.  (By  G.  Rennie,  G  £.) 


Pres.. Id  Lot. 

Wrought  Iron 

0 

Wrought  Iron 

Steel 

Bras* 

per 

on 

on 

on 

on 

Square  Inch. 

Wrought  Iron. 

Cast  Iron. 

Cast  Iron. 

Cast  Iron. 

82.5 

.140 

.174 

.166 

.157 

186 

.230 

.275 

.300 

.225 

224 

.271 

.292 

■     .333 

.219 

• 

336 

.312 

.333 

.347 

.215 

448 

.376 

.365 

.354 

.208 

560 

.409 

.367 

.358 

.233. 

672 

.376 

.403 

.233 

709 

.434 

.234 

■*'■ 

784 

.232 

821 

.273 

Art.  15.  (a)  Rolling  friction,  or  that  between  the  circumf  of  a  roll- 
ing body  and  the  surf  upon  which  ij,  rolls,  is  somewhat  similar  to  that  of  a 
I union  rolling  upon  a  rack.  In  disengaging  the  interlocking  projections,  or  in 
ifting  the  wheel  over  an  obstacle  c,  Figs  5  and  6,  the  motive  force  F,  instead  of 
dragging  oue  over  the  other,  as  in  Fig  2.  p.  318/,  acts  at  the  end  of  a  bent  lever 
FR  W  .Figs  5  and  6,  the  other  end  W  of  which  acts  in  a  direction  perp  to  the 
contact  surf;  and  in  practical  cases  of  rolling  fr.ic  proper  the  leverage  RW  of 
the  resisting  wt  of  the  wheel  and  its  load  is  very  much  less,  in  proportion  to 
that  (FR)  of  the  force  F,  than  in  our  exaggerated  figs.  Hence  the  force  F  reqd 
to  roll  a  wheel  etc  is  usually  very  much  less  than  would  I  e  necessary  to  slide  it. 

(b)  There  are  usually  two  ways  of  applying  the  force  in  overcom- 
ing rolling  fric:  1st  (Fig  5)  at  the  axis  of  the  rolling  body;  as  the  force  of  a 

horse  is  applied  at  the  axle  cf  a 
wagon-wheel;  or  that  of  a  man  at  the 
axle  of  a  wheel-barrow :  2d  (Fig  6)  at ' 
the  circumf;  as  when  workmen  ptnjli 
along  a  heavy  timber  laid  on  top  of 
two  or  more  rollers;  or  as  the  ends  of 
an  iron  bridge-truss  play  backward 
and  forward  by  contraction  and  ex- 
pansion, on  top  of  metallic  rollers  or 
balls  (p 614).  Id  Fig  5  we  have,  in  ad- 
dition to  the  rolling  fric  of  the  cir- 
cumf of  the  wheel  on  its  support,  the 
sliding  fric  of  the  axle  in  its  bearing. 
In  Fig  6  we  have  only  rolling  fric, 


FiB.  5  Fiflf.  6 

but  at  both  top  and  bottom  of  the  wheel. 


(c)  When  the  obstacles  o  are  very  small,  as  In  the  case  of  cart-wheels  on 
smooth  hard  roads,  or  of  car-wheels  on   iron   or  steel  rails,  the  leverage 
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fF  R)  of  F  becomes,  practically,  in  Fig  6"  the  radius,  and  in  Fig  6  the  diam,  of  the 
wheel;  while  that  (RW)  of  the  resistce  is  very  small.  Hence,  neglecting  axle 
fric  in  Fig  5,  the  force  F  reqd  to  overcome  rolling  fric  in  such  cases  is  directly 
as  the  wtW  of  and  on  the  wheel,  and  inversely  as  the  diam  of  the  wheel. 

The  few  expts  that  have  been  made  upon  the  coeffs  of  rolling  fric,  apart  from 
axle  fric,  are  too  incomplete  to  serve  as  a  basis  for  practical  rules.  See  Art  20, 
and  "Traction,"  p  375. 

(d)  The  fric  (or  "adhesion")  between  wheel  and  rail,  which  enables  a 
locomotive  to  move  itself  and  train,  or  which  tends  to  make  a  car-wheel  revolve 
notwithstanding  the  pres  of  the  brake,  is  a  resistce  to  the  sliding  of  the  wheel 
on  the  rail ;  and  is  therefore  not  rolling  but  sliding  fric ;  static  when  the  wheels 
either  stand  still  or  roll  perfectly  on  the  rails;  and  kinetic  when  they  slip  or 
"  skid  ".    See  Art.  13  (c,  d,  e  and  /). 

Art  16.  The  friction  of  liquids  moving  in  contact  with  solid  bodies 
Is  independent  of  the  pressure,  because  the  "  lifting"  of  the  particles 
of  the  fluid  over  the  projections  on  the  surf  of  the  solid  body,  is  aided  by  the 
pres  of  the  surrounding  particles  of  the  liquid,  which  teud  to  occupy  the  places 
of  those  lifted.  Hence  we  have,  for  liquids,  no  coeff  of  fric  corresponding  with 
that  (=  resistce  -s-  pres)  of  solids.  The  resistce  is  believed  to  be  directly  as  the 
area  of  surf  of  contact.  Recent  researches  indicate  that  Resistce  =  a  coeff  X 
area  of  surf  X  vel»,  in  which  both  n  and  the  coeff  depend  upon  the  vel  and 
npon  the  character  of  the  surf:  and  that  at  low  vels  n  =  1,  but  that  at  a  certain 
"critical"  vel  (which  varies  with  the  circumstances)  n  suddenly  becomes  ='2, 
owing  to  the  breaking"  up  of  the  stream  into  marked  counter  currents  or  eddies. 
The  resistance  of  fluid  fric  arises  principally  from  the  counter  currents  thus  set 
in  motion,  and  which  must  be  brought  into  compliance  with  the  direction  of 
the  force  which  is  urging  the  stream  forward. 

Art.  17.  Table  of  coefficients  of  mowing*  friction  of  smooth 
plane  surfaces,  when  kept  perfectly  lubricated.    (Mora.) 


Substances. 


Dry 
Soap. 


Oak  on  oak,  fibres  parallel  to  motion 

"    "    "     flbrea  perpendicular  to  motion 

"  on  elm,  fibres  parallel  to  motion 

"  on  oast  Iron,  fibres  parallel  to  motion 

*'  on  wrought  iron,         *'       "     *"      

Beech  on  oak,  fibre*  "       "       "      

Blmonoak,        "  •'        "       *•      

44  on  elm,        ••  "       ••        «'      

"  east  Iron.     "  "       "       "       

Wrought  Iron  on  oak,  fibres  parallel,  greased  and  wet,  .256. 

"      "    "     fibres  parallel  to  motion 

"         u    on  elm,     "  *•       *•       "     

"    on  oast  iron.         "       "       "     

••         "    on  wrought  iron, "       ••       "     

44         M    on  brass,  fibre*    "       «'       •«     

Cast  iron  on  oak,  fibres  parallel  to  motion 

•«     "     ••    "       "  ••         "        ••    greased  aud  wet,  .218 

"     "    on  elm,    "  "         "       "    

"     M    on  oast  iron,  with  water,  .814 

"     "     on  brass 

Copper  on  oak,  fibres  parallel  to  motion 

Yellow  copper  on  oast  iron 

Brass  on  east  iron 

"     on  wrought  iron 

"     on  brass  

8teel  on  oast  Iron 

"    on  wrought  iron 

"    on  brass 

Tanned  oxhide  on  oast  iron,  greased  and  iwy  wet,  .366 

"  "      on  brass 

44  "      on  oak,  with  water,  .29 


.164 

•  •  •  • 

.186 


.137 
.139 


.214 


.189 


.197 


Olive 
Oil. 

Tal- 
low. 

Lard. 

•  •  •  • 

.075 

.067 

•  •  •  • 

.083 

.072 

•  •  •  • 

.073 

.066 

•  •  •  • 

.080 

•  •  •  • 

.098 

•  •  •  • 

.055 

•  •  •  • 

.070 

.060 

•  •  •  • 

.066 

.... 

.085 

• 

.055 

.078 

.076 

.066 

.103 

.076 

.070 

.082 

.081 

.078 

.108 

.076 

.075 

.078 

.076 

.061 

.077 

•  •  •  • 

.064 

.100 

.070 

.078 

.103 

.075 

•  •  •  • 

.069 

.068 

.072 

.068 

.077 

.086 

.072 

.081 

•  •  •  • 

.058 

.079 

.105 

.081 

•  •  •  . 

.093 

.076 

.053 

.056 

•  ft  •  • 

.133 

.159 

.191 

.241 

.091 
.055 


.089 


.067 


The  launching  friction  of  the  wooden  frigate  Princeton  was  found  by  a 
committee)  of  the  Franklin  Institute  in  1844,  to  average  about  .067  or  one-fift-enth 
of  the  pressure  during  the  first  .76  of  a  second  and  .022  or  one  forty-fifth  for  the 
next  4  seconds  of  her  motion.  The  slope  of  the  ways  was  1  in  13,  or  4  degrees  24 
minutes.  They  wvre  heavily  coated  with  tallow.  Pressure  on  them  —  15.84  lbs. 
per  square  inch,  or  2280  lbs.  per  square  foot  In  the  first  .75  of  a  second  the  vessel 
slid  2.6  inches;  in  the  next  4  secopds  15  feet  6.5  Inches;  total  for  4.75  seconds  15.75 
feet 
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Art.  18.  Tne  friction  of  lnbrleated  snrfaeea  varies  greatly  with 
the  character  of  the  surfs  aud  with  that  of  the  lubricant  and  the  manner  of  Its 
application.  If  the  lubricant  is  of  poor  quality,  and  scantily  and  unevenly  ap- 
plied under  great  pres,  it  msiy  wear  away  in  places  aud  leave  portions  of  the  dry 
surfs  in  contact.  The  conditions  then  approximate  to  those  of  unlubricated 
surfaces.  But  if  the  best  lubricants  for  the  purpose  are  used,  and  supplied  reg- 
ularly and  in  proper  quantity,  so  as  to  keep  the  surfs  always  perfectly  separated, 
the  case  becomes  practically  one  of  liquid  fric  (Art.  16),  and  the  resist co  is  very 
small.  Between  these  two  extremes  there  is  a  wide  range  of  variations  (see 
table,  Art.  19  (d)),  the  coeflf  being  affected  by  the  smallest  change  in  the  condi- 
tions. Where  any  degree  of  accuracy  is  reqd,  we  would  refer  the  reader  to  the 
experimental  results  given  in  Prof.  Thurston's  very  exhaustive  work,*  devoted 
exclusively  to  this  intricate  subject. 

Art.  19.  (a)  Expts  by  Mr.  Arthur  M.  Wellington  upon  the  fric  of 
lnbrleated  Journals  f  gave  a  gradual  and  continuous  increase  of  coeff  as 
the  vel  of  revolution  diminished  from  18  ft  per  sec  (  =  a  car  speed  of  12  miles 
per  hour)  to  a  stop.  This  increase  was  very  slight  at  high  vels,  but  much  more 
rapid  at  low  ones ;  as  in  Figs  3  and  4.  At  vels  from  2  to  18  ft  per  sec  the  coeff 
was  much  less  under  high  pressures  than  under  low  ones;  but  at  starting  there 
was  little  diff  in  this  respect.  The  coeff  increased  rapidly  as  the  temnera- 
tnre  rose  from  100°  to  120°  and  150°  Fahr, 

(b)  Prof.  Thurston,  also  experimenting  with  lnbrleated  journals,! 
found  that  at  starting,  the  coeff  increased  with  increase  of  pres,  as  it  did  also 
when  in  motion,  if  the  pres  greatly  exceeded  the  max  (say  500  to  600  lbs  per  sq 
in)  allowable  in  machinery.  He  also  found  that  at  high  vels  the  coeff  increased 
very  slowly  (instead  of  continuing  to  decrease)  as  the  velincreased. 

(e)  Prof.  Thurston  gives  the  following  approx  formula?  for  journal 

frletion  at  ordinary  temperatures,  pressures  and  speeds,  with  journal  and 
btaring  in  good  condition  and  well  lubricated: 


Coeff  for  starting;  =  (.015  to  .02)  X  tf'prea  in  fl>s  per  sq  in. 


Coeff  when  the  shaft- 
is  revolving; 


(.02  to  .03)  X  T%Z™Pn  "  f  <+> 


j/pres  iu  lbs  per  sq  in. 


At  pressures  of  about  200  lbs  per  sq  in : 


Temperature  of  minimum      ...  w  3y — _ — „ !_ 

frle ;  in  Fahr  degs  — 15  X  !/vel  in  ft  per  mm 

Caution.  The  leverage,  with  which  journal  fric  resists  motion,  in- 
creases-with  the  dlam  of  the  journal. 

(d)  The  following  figures,  selected  from  a  table  of  experimental  results  given 
by  Prof.  Thurston,  merely  show  the  extent  to  which  the  coeff  of 
Journal  fric  to  affected  by  pres,  vel  and  temperature;  and 

hence  the  risk  incurred  in  rigidly  applying  general  rules  to  such  cases.  In 
these  expts  the  character  of  journal  and  bearing,  the  lubricant  and  its  method 
of  application,  remained  the  same  throughout,  where  these  vary,  still  further, 
and  much  greater,  variations  in  the  coeff  may  occur. 

Steel  journal  In  bronze  bearing,  lnbrleated  with  standard 

sperm  oil. 


§£ 


£ 


130° 
90° 


Speed  of  revolution 

90  feet  per  mfnttte    100  feet  per  minute  1500  ft  per  *mnll 200  ft  per  mi* 


200   |   100   |     4 
lbs  per  sq  in 


Coeff 
1.0160 
1.0056 


Coeff 

.0044 

.0081 


Coeff 

.125 

.094 


200       100 


200       100 


lbs  per  sq  In       lbs  per  sq  in 


Coeff 

.0087 

.0040 


Coeff 

.0019 

.0019 


Coeff 

.0630 

.0680 


Co*ff 

.0053 

.0076 


Coeff 

.0087 

.0081 


200       100 
lbs  per  sq  in 


Coeff 

.0065 

.0100 


Coeff 

.0075 

.0150 


•  Friction  and  Lout  Work  In  Machinery  itnd  Mill  Work.    John  Wiley  ft  Sons,  New  York,  1886, 
t  Traue  Amer  8oo  of  Civil  Kogra,  New  York,  Deo.  1884. 
t  Journal  of  the  Frauklln  Institute,  Not.  1878. 
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M  Where  the  farce  is  applied  first  on  one  side  of  the  Jon»- 
nal and  then  on  the  opposite  side,  as  in  crank  pins,  the  fnc  is  less 
than  where  the  resultant  pres  is  always  upon  oue  side,  as  tu  fly;wnee*  ■"*"?.' 
because  in  the  former  case  t  he  oil  has  time  to  spread  itself  alternately  upon  both 
sides  of  the  journal.  ^ 

(f )  Friction  rollers.  If  a  journal  J,  in- 
stead of  revolving  on  ordinary  bearings,  be  sup- 
ported on  friction  rollers  R,  R,  the  force  required 
to  make  J  revolve  will  be  reduced  in  nearly  the 
same  proportion  that  the  di«m  of  the  axle  o  or 
o  of  the  rollers,  is  less  than  the  diam  of  the 
rollers  themselves. 

Mr.  Wellington  experimented  with  a  patent 
(tearing  on  this  principle,  invented  by  Mr.  A. 
Higley.  Diam  of  rollers  RR,  8  ins;  of  their 
axles  o  o  1 J  ins ;  of  the  journal  c,  3£  ins.  Here, 
theoretically, 

diam  of  axles  o  o       If  ins 
fric  of  patent  journal  -  fric  of  34  in  journal  X  diam  0f  rolleriR  R-"  Tins" 

or  as  1  to  4.0.  Under  a  load  of  279  lbs  per  sq  in,  Mr.  Wellington  found  it  about 
as  1  to  4  when  starting  from  rest;  and  about  as  1  to  2  at  a  car  speed  of  10  miles 
per  hour. 

Art.  20.  (a)  Resistance  of  railroad  rolling  stock.  This  con- 
sists of  roll'ng  fric  between  the  treads  of  the  wheels  and  the  rails  (the  treads 
also  sometimes  slide  on  the  rails,  as  in  going  around  curves);  of  sliding  fric  be- 
tween the  journals  and  their  bearings,  and  between  the  wheel  flanges  and  the 
rail  heads;  of  the  resistce  of  the  air;  and  of  oscillations  and  concussions,  which 
consume  motive  power  by  their  lateral  and  vert  motions,  and  also  increase  the 
wheel  and  journal  fries.  • 

Its  amount  depeuds  greatly  upon  the  condition  of  the  road-bed  and  rails  (as 
to  ballast,  alignment,  surf,  spaces  at  the  joints,  dryness  etc);  upon  that  of  the 
rolling  stock  (as  to  wt  carried,  kind  of  springs  used,  kind  and  quantity  of  lubri- 
cant, condition  and  dimensions  of  wheels  and  axles  etcj ;  upon  grades  and  curv- 
ature; upon  the  direction  and  force  of  the  wind;  and  upon  many  minor  con- 
siderations.   Experiments  give  very  conflicting  results. 

(b)  During  the  summer  of  1878,  Mr.  Wellington  experimented  with 
loaded  and  empty  box  and  flat  freight  cars,  passenger  and  sleeping  cars,  and  at 
speeds  varying  from  0  to  35  miles  per  hour.  The  cars  were  started  rolling  (by 
grav)  down  a  nearly  uniform  grade  of  .7  foot  per  100  feet,  or  36.5  fret  per  mile, 
and  6400  ft  long.  Their  resistces  were  calculated  as  in  Art.  8  (a).  "The  rails 
were  of  iron,  60  lbs  per  yd,  and  the  track  was  well  ballasted  and  in  good  line  and 
surf,  but  not  strictly  first  class.'*  The  following  approx  figures  are  deduced 
from  Mr.  Wellington's  expts  upon  cars  fitted  with  ordinary  journals:* 

Car  Resistance  in  pounds  per  ton  (2240  lbs)  of  weight  of 
train,  on  straight  and  level  track  in  good  condition. 


Empty  cars 

Loaded  cars 

Speed  of 
train  in 

Oscilla- 

Oscilla- 

miles per 

Axle, 

tion 

Axle, 

tion 

hour 

tire  and 

and 

Air 

Total 

tire  and 

and 

Air 

Total 

flnnge 

con- 
cuss'n 

flange 

eon- 
cuss'n 

0 

14 

0 

0 

14 

18 

0 

0 

18 

10 

6 

.6 

.4 

7 

4 

.6 

.4 

5 

20 

6 

2.7 

1.3 

10 

4 

2. 

1. 

7 

30 

6 

5.3 

2.7 

1      14 

4      1     4.7 

2.8 

11 

(c)  With  the  Higley  patent  anti-fric  roller  journal,  the  resistce  to  starling  was 
but  about  4  lbs  per  ton.    But  see  Art.  19  (f ). 

(d )  About  midway  in  the  track  experimented  upon,  was  a  carve  of  1°  de- 
flection angle  (5730  ft  rad)  8000  ft  long,  with  its  outer  rail  elevated  3  to  4  ins 

^ ^ ■_  -M_I__»I_JH.J__ J_LI L_^W ■ I  "  I      ■  r 

•  Transactions,  American  Society  of  Civil  Engineers,  Feb  1879. 
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above  the  Inner  one.  The  rise  of  the  outer  rail  was  begun  on  the  tangent,  about 
600  ft  before  reaching  the  curve.  In  the  first  600  ft  of  the  curve  the  resistce  was 
greater  than  that  encountered  just  before  reaching  the  curve,  by  from  .6  to  2.1 
(average  1.1)  lbs  per  ton.  In  the  last  500  ft.  of  the  curve  this  excess  had  diminished 
to  from  .2  to  .9  (average  .6)  lbs  per  ton.  Owing  to  the  continuance  of  the  down 
grade  on  the  curve,  the  vel  increased  as  the  train  traversed  the  curve ;  but  it 
does  not  clearly  appear  whether  the  decrease  in  curve  resistce  was  due  to  the 
increase  in  vel,  or  to  the  fact  that  the  oscillations  caused  by  entering  the  curve 
gradually  ceased  as  the  train  went  on. 

(e)  Mr.  P.  H.  Dudley,  experimenting  with  his  "dynagraph"*  ob- 
tained results  from  which  the  following  are  deduced: 


Train  Resistance  in 

tra 


pounds  per  ton  (2240  lbs)  of  weight  of 
in,  including:  grades. 


Description  of  train 


Loaded 
cars 


29 
37 
25 


Empty 
cars 


2 
0 
2 


Weight  tons 
(2240  lbs) 


526 

633 
458 


Trip 


Toledo  to  Cleve- 
land.   95  miles 

Cleveland  to  Erie 
95.5  miles 

Erie  to  Buffalo. 
88  miles 


Average 
speed. 

Miles  per 
hour 


20 
20 
20 


Average 
resist- 


8.34 
7.67 
8.89 


"  With  the  long  and  heavy  trains  of  the  L.  S.  &  M.  8.  By,  of  600  to  650  tons,  it 
read  less  fuel  with  the  same  engine  to  run  trains  at  18  to  20  miles  per  hour  than 
it  did  at  10  to  12  miles  per  hour",  owing  to  the  fact  that  at  the  higher  speeds 
steam  was  used  expansively  to  a  greater  extent,  and  hence  more  economically. 

Art.  21.  The  work,  in  ft-lbs,  read  to  overcome  trie  through 
any  dist,  is  =  the  fric  in  lbs  X  the  dist  in  ft.  In  order  that  a  body,  started  slid- 
ing or  rolling  freely  on  a  hor  plane  and  then  left  to  itself,  may  do  this  work ;  <«, 
may  slide  or  roll  through  the  given  dist,  its  kinetic  energy  (  =  its  wt  in  lbs  X  its 
vel2  in  ft  per  sec  -f-  2g\)  must  —  the  first-named  prod.  Conversely,  the  dist 
in  ft  through  which  such  a  body  will  slide  or  roll  on  a  hor  plane,  Is 

its  kinetic  energy  in  ft -lbs,  at  start 

SSB5     I  "        ■■  ■     -■■  ...w  --   ,      ■■■,■■>■     ^—  — ■  -.    -    -  ■      . .  »- 

fric  in  lbs 

_  wt  of  body  in  lbs  X  initial  vel*  in  ft  per  sec     initial  vel*  in  ft  per  sec 
"""      wtof  body  in  lbs  X  coeffof  fric  X  2ffi      "*     coeff  of  fric  X  %g\ 


The  time  read,  in  sees,  is  = 


dist  in  ft 


.dist  in  ft,  so  found 

mean  vel,  in  ft  per  sec "~  }  initial  vel  in  ft  per  sec 

Suppose  two  similar  locomotives,  A  and  B.  each  drawing  a  train  on  a  level 
straight  track;  A  at  10  miles,  and  B  at  20  miles,  per  hour.  The  total  resistce  of 
each  eng  and  train  (which,  for  convenience,  we  suppose  to  be  independent  of 
vel)  is  1000  lbs.  Hence  the  force,  or  total  steam  pres  in  the  two  cyls  reqd  to 
balance  the  fric  and  thus  maintain  the  vel,  is  the  same  in  each  eng.  In  travel- 
ing ten  miles  this  force  does  the  same  amount  of  work  (1000  lbs  X  10  miles 
=  10000  pound-miles)  in  each  eng,  and  with  the  same  expenditure  of  steam  in 
each ;  although  B  must  supply  steam  to  its  cyls  twice  as  fast  as  A,  in  order  to 
maintain  in  them  the  same  pres.  In  one  hour  the  force  in  A  does  10000  lb-miles 
as  before,  but  that  in  B  does  (1000  lbs  X  20  miles  =)  20000  lb-miles,  and  with 
twice  A's  expenditure  of  steam. 

But  in  fact  the  resistce  of  a  given  train  is  much  greater  at  higher  vela.  See 
table  Art.  20  (o)  And  even  if  we  still  assumed  the  resistce  to  Be  the  same  at 
both  vein,  B  must  exert  more  force  than  A  in  order  to  acquire  a  vel  of  20  miles 
per  hour  while  A  is  acquiring  10  miles  per*  hour. 

■  --  .... 

•  An  inst  for  measuring  the  strain  on  the  draw-bar  of  a  locomotive,  or  too  foroe  wakh  tat  latter 
txeru  upon  the  train, 
t  g  s*  acceleration  of  gravity  =  say  tt.S ;  t g s  nay  64.4.    S«e  n  Ms. 
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which  is  about  10  times  that  on  *  level  railroad  at  6  miles  an  hoar ;  but  only  aboai  equal  to  that  on  a 
level  oonmon  turnpike  road,  at  the  same  speed.  Therefore,  (to  speak  somewhat  at  random,)  it  wooid 
require  10  locomotives  instead  or  1 ;  but  only  2  horses  instead  of  1 .  A  grade  of  I  in  35 ;  or  160  ft  to  a 
mile ;  or  1°  38',  is  about  the  steepest  that  permits  horses  to  be  driven  down  a  hard  smooth  road,  in  a 
fast  trot,  without  danger.  It  should,  therefore,  not  be  exceeded  except  when  absolutely  aeoeesary, 
especially  on  turnpikes. 

On  canals  and  other  waters,  the  liquid  is  the  resisting  medium  that 

takes  the  place  of  friction  on  level  roads.  But  unlike  friction,  its  resistance  varies  as  the  squares  oV 
the  wis ;  (see  Art  26  or  page  380.)  at  least  from  the  vel  of  2  ft  per  sec,  or  1.364  miles  per  hour ;  tt 
that  of  1 1 H  ft  per  sec,  or  7.84  m  per  a.  As  the  speed  rails  below  l^m  per  h,  the  resistance  varies  leas 
and  less  rapidly ;  and  this  is  the  case  whether  the  moved  body  tioats  partly  above  the  surface ;  or  is 
entirely  immersed.  In  towing  along  stagnant  canals,  4c,  the  vel  is  usually  from  1  to  2Ji  m  per  h; 
for  freight  most  frequently  from  1J4"  to  2.  Less  force  is  required  to  tow  a  boat  at  say  2  m  per  b,  where 
there  is  no  curreut,  than  at  say  \%  xa  per  h,  against  a  current  of  %  m  per  h,  because  iu  the  last  ease 
the  boat  has  to  be  lifted  up  the  very  gradual  inclined  plane  or  slope  which  produces  the  current. 
The  force  required  to  tow  a  boat  along  a  canal  depends  greatly  upon  the  comparative  trans rerse 
sectional  areas  of  the  channel,  and  W  the  immersed  portion  of  the  boat.  When  the  width  or  a  eanal 
at  water-line  is  at  least  4  times  that  of  the  boat ;  and  the  area  of  Its  transverse  section  as  great  as  at  least 
6X  times  that  of  the  immersed  transverse  section  of  the  boat,  the  towing  at  usual  caual  vels  will  be 
about  as  easy  as  in  wider  and  deeper  water.  With  less  dimensions,  it  beoomes  more  difficult.  (D'Au- 
buisson.)  Much  also  depends  on  the  shape  of  the  bow  and  other  parts  of  the  boat ;  and  on  the  propor- 
tion of  its  length  to  its  breadth  and  depth.  Hence  it  is  seen  that  the  mere  weight  of  the  load  is  by  no 
means  so  controlling  an  element  as  it  is  on  land.  The  whole  subject,  however,  is  too  intricate  to  be 
treated  of  here.  Morln  states  that  naval  constructors  estimate  the  resistance  to  sailing  and  steam 
vessels  at  sea,  at  but  from  about  .6  to  .7  of  a  lb  for  every  sq  ft  of  Immersed  transverse  section,  when 
the  vel  is  3  ft  per  see,  or  2.046  miles  per  hour.    It  is  far  greater  on  oanals. 

On  the  Schuylkill  Navigation  of  Pennsylvania,  of  mixed  canal 

and  slack  water,  for  108  miles,  the  regular  load  for  3  horses  or  mules,  is  a  boat  of  very  full  build ;  and  no 
keel :  100  ft  long,  17^  ft  beam ;  and  8  ft  depth  of  hold ;  drawing  bH  ft  when  lqaded.*  Weight  of  boat 
about  65  tous;  load  175  tons  of  coal,  (2240  lbs;)  total  weight  240  tons,  or  80  tons  per  horse  or  mule. 
On  the  down  trip  with  the  loaded  boats,  for  4  days,  the  animals  are  at  work,  actualist  towing,  (except 
at  the  locks,)  for  18  hours  out  of  the  24;  thus  exceeding  by  far  the  limits  of  time  usually  allowed  for 
continuous  effort. 

On  the  canal  seotlons.  (which  have  60  ft  water-line ;  and  6  ft  depth,)  the  speed  is  1*4  miles  per  hour ; 
and  on  the  deep  wide  pools,  2  miles. 

Os  the  np  trip  with  the  empty  66- ton  boats,  the  average  speed  Is  about  2H  miles  per  hour.  The 
empty  boats  draw  16  to  18  Ins  water ;  and  frequently  keep  on  without  stopping  to  rest  day  or  night 
through  the  entire  distance  of  108  miles.  The  animals  generally  have  2  or  3  days'  rest  at  each  end  of 
the  trip;  but  are  materially  deteriorated  at  the  end  of  the  boating  season. 

If  our  preceding  assumption  of  143  lbs  traction  of  a  horse  at  IH  miles  per  hour,  Is  oorreet,  the 

143  lbs 

traction  of  the  loaded  boats  on  the  eanal  seotlons  Is  — =  1.8S  lbs  per  ton. 

80  tons    .  *^ 

The  intelligent  engineer  and  superintendent  of  the  Sofa  Nav,  James  F  Smith,  gives  as  the  results 
of  his  own  extensive  observation,  that  one  of  these  large  boats  loaded  (240  tons  in  all)  may,  without 
distressing  the  animals,  lie  drawn  along  the  eanal  sections,  for  10  hours  per  day,  as  follows :  By  one 
average  horse  or  mule,  at  the  rate  of  1  mile;  by  two  animals,  at  l>$  miles;  and  by  three,  at  1*4  miles 
per  hour.  When  four  animals  are  used  the  gam  of  time  is  very  trifling.  At  a  time  of  rivalry  among 
(he  boatmen,  one  of  them  used  8  horses ;  but  with  these  could  not  exceed  2J4"  miles  per  hour  in  the 
eanal  portions.  Two  or  more  horses  together  cannot  for  hours  pull  as  much  as  when  working  sepa* 
rately. 

If  our  preceding  short  table  of  the  traction  of  a  horse  at  diff  vels  for  10  hours  la  correct,  then  the 
traction  of  the  above  loaded  coal  boats  (240  tons)  on  the  canal  sections  of  the  navigation,  is  as  follows-: 
The  last  column  shows  the  traction  In  lbs  per  sq  ft  of  area  of  immersed  transverse  section  where  largest; 
fix,  about  95  sq  ft. 

Horses.  Miles  per  Hour.  Lbs.  per  Ten.  Lbs.  per  Sq  Ft. 

1 1 }£# 1.04., 2.63 

*•• IX fff • 1.39 8.50 

8 1«.... Jff 1.78 4.50 

8  on  pools 2    f  J-J 1.66 8.96 

8 2Jt fJJ 8.88 8.4S 

Sup-trip 2H -W 4.61 18*60 


Lachlne  Canal,  Canada.  120  ft  wide  at  water-line;  80  ft  at  bottom ;  depth 

en  mitre  sills  9  ft ;  6  horses  tow  loaded  schooners  with  ease. 

Before  the  enlargement  of  the  Erie  canal,  f  its  dimensions  were  40  ft  water-line ;  28  ft  bottom : 
4  rt  depth  or  water.  The  average  weight  of  the  boats  was  about  80  tons.  With  76  tons  or  load,  or  106 
tons  total,  tbay  were  towed  by  2  horses,  at  the  rate  of  about  2  miles  per  hour ;  wbloh  by  our  table  gives 
a  traction  or  nearly  2.4  lbs  per  ton.  The  boats  ware  about  80  ft  long ;  14  ft  beam ;  full  8K  ft  draught 
loaded ;  .hence  the  traction  by  our  table  would  be  about  5.7  lbs  per  sq  ft  of  immersed  transverse  section. 

*  Cost  of  boats,  1884,  (Schuylkill  Canal)  abont  $1800.  Annual  repairs  about 
$85.  Boats  last  16  to  20  years.  Length,  102  ft)  beam.  17M  ft;  draft,  \H  to6Hl  ft;  capacity,  180 
tons;  weight,  about  68  tons  s  speed,  with 8  mules,  \\i  mites  per  hour. 

t  Length  863  miles ;  cost  $19680  per  mile.  The  enlarged  eanal  has  70  ft  j  42  ft ;  and  T  ft  of  water : 
and  cost  $90800  per  mile  for  the  enlargement  only.  The  cost  of  the  several  oanals. in  Peuusjivanls 
has  ranged  between  $23000  and  $50000  per  mile. 
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While,  for  62-ton  loaded  bouts  on  a  smaller  canal,  (the  boats  nearly  tooehlng  bottom,)  the  traction  at 
1  %  miles,  would  bo  SK  lbs  per  ton ;  or  about  twice  as  great  as  the  above  1.T8  fca.  It  also  would  be  6.7 
ms  per  sq  ft  of  immersed  section. 

For  traction  on  railroads,  see  Art  20,  pp  374  e  and  374/. 
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Art.  1.  So  far  as  regards  horses,  this  subject  has  been  partially  considered 
under  the  preceding  head,  Traction.  All  estimates  on  this  subject  must  to  a  certain  extent  be  vague, 
owing  to  the  din*  strengths  and  speeds  of  animals  of  the  same  kind ;  as  well  as  to  the  extent  of  their 
training  to  any  particular  kind  of  work.  Authorities  on  the  subject  differ  widely ;  and  sometime* 
express  tbemsefves  in  a  loose  manner  that  throws  doubt  on  their  meaning.  We  believe,  however, 
that  the  following  will  be  found  to  be  as  elose  approximation  to  practical  averages  as  the  nature  of 
the  case  admits  of  with  our  present  imperfect  knowledge.  We  suppose  a  good  average  trained  horse, 
weighing  not  less  than  about  H  a  ton,  well  fed  aud  treated.  Such  a  one,  when  actually  walking  for 
10  hours  a  day,  at  the  rate  of  2^  miles  per  hour,  on  a  good  level  road,  such  as  the  tow-path  of  a  canal. 

or  a  circular  horsepath,*  can  exert  a  continuous  pnll,  draught,  power, 
or  traction,  of  100  lbs. 

Now,  2S  miles  per  hour,  is  220  ft  per  min,  or  3H  ft  per  sec;  and  sinoe  10  hours  oontain  600  min, 
his  day's  work  of  actual  hauling  on  a  level,  at  that  speed,  amounts  to 

mia  ft  Bm 

600  X  220  X  100  =  13  200000  ft-lbs  per  day. 

Or,  22000  ft-lbs  per  min,  or  366^  ft-lbs  per  see.t  Which  means  that  he  exerts  force  enough  during  the 
day  to  lift  13  200000  lbs  1  foot  high ;  or  1  320000  lbs  10  feet  high ;  or  132000  lbs  100  ft  high,  Ac.  He  may 
exert  this  force  either  in  traction  (hauling)  or  in  lifting  loads.  If  he  has  to  raise  a  small  load  to  a 
great  height,  the  machinery  through  which  he  does  it  must  be  so  geared  as  to  gain  opeed.  at  the  loss 
(commonly  bat  improperly  so  expressed)  of  power.  Whether  he  lifts  the  great  weight  through  a 
small  height,  or  the  small  weight  through  a  great  height,  he  exerts  precisely  the  same  amount  of 
force  or  power. 
Experience  shows  that  within  the  limits  of  5  and  10  hours  per  day,  (the  speed  remaining  the  same,') 

the  draft  of  a  horse  may  be  increased  in  about  the  same  pro- 
portion as  the  time  is  diminished  ;  so  that  when  working  from  6  to  10  hours 
per  day,  it  will  be  about  as  shown  in  the  following  table.  Hence,  the  total  amount  of  13200000  ft-lbs 
per  day  may  be  aeoomplished.  whether  the  horse  is  at  work  5,  6,  or  8.  Ac,  hours  per  day.?  This,  of 
course,  supposes  him  to  be  actually  lifting  or  hauling  all  the  time;  and  makes  no  allowance  for  stop- 
pages for  any  purpose. 

Table  of  draft  of  a  horse,  at  %%  miles  per  hoar,  on  a  level. 

Hours  per  day.  Lbs,  Hoars  per  day.  Lbs. 

10 109  7 142ft 

9 llll  6 166& 

8 125  5  200 

Experience  also  shows  that  at  speeds  between  %  and  4 
miles  an  honr,  his  force  or  draught  will  be  inversely  in  pro* 
portion  to  his  speed.  Thus,  at  2  miles  an  hoar,  for  10  hours  of  the  day,  his 
draught  wiU  be 

miles     nrilm  lbs  Bm 

2    :    2H    ::    100    :    125  draught. 

At  IK  miles,  It  would  be  1669s  lbs ;  at  3  miles,  83J*  lbs ;  and  at  4  miles,  62K  lbs ;  as  per  table  in 
Traction. 
Therefore,  in  this  case  also,  the  entire  amount  of  his  day's  work  remains  the  same ;  §  and  within 

—    -.-■--■-■ 

*  To  enable  a  horse  to  work  with  ease  In  a  circular  horse-walk,  its  diam 
ubould  not  be  less  than  25  ft;  80  or  35  would  be  still  better. 

t  A  nominal  horse-power  is  33000  ft-lbs  per  minute;  this  being  the  rate 
assumed  by  Boulton  and  Watt  in  selling  their  engines ;  so  that  purchasers  wishing  to  substitute 
steam  for  horses,  should  not  be  disappointed.  Their  assumption  can  be  carried  out  by  a  very  strong 
horse  day  after  day  for  6  or  10  hours;  but  as  the  engine  oan  work  day  and  ni^ht  for  months  without 
stopping,  which  a  horse  cannot,  it  is  plain  that  a  one-horae  engine  can  do  much  more  work  than  any 
one  such  horse.  Hence  many  object  to  the  term  horse-power  as  applied  to  engines ;  but  since  every- 
body understands  its  plain  meaning,  and  such  a  term  is  convenient,  it  is  not  in  fact  objectionable. 
Boulton  and  Watt  meant  that  a  one-horse  engine  would  at  any  moment  perform  the  work  of  a  very 
strong  horse.   An  aswrce*  horse  will  do  bat  22000  ft-fcs  per  min. 

}  It  is  plain  that  although  the  day's  labor  will  be  the  »nme,  that  of  an  honr,  or  of  a  min,  will  vary 
with  the  number  of  hours  taken  as  a  day'*  work.  Tt  mn«t  be  remembered  that  a  working  day  of  a 
given  number  of  hours,  by  no  mean*  implies,  in  every  case,  that  number  of  hours  of  actual  work; 
but  includes  intermissions  and  rests. 

|  This  remark  about  speed  will  not  apply  to  loads  towed 
through  the  water.  Thus,  if  his  draught  at  2  miles  an  hour  be  125  lbs;  and 
at  4  miles.  62}g  lb* :  he  will  on  land  draw  loads  in  these  proportions ;  but  in  hauling  a  boat  through 
las  water  at  the  greater  Rpeed.  he  has  to  enoounter  the  increased  resistance  of  the  water  Itself;  which 
resiatsnoe  at  4  miles  is  much  more  than  twice  as  great  as  at  2  miles :  probably  4  times  as  great. 
Therefore,  at  4  miles  on  a  canal,  his  draught  of  62}{  lbs  would  not  suffloe  for  a  load  half  as  great  ev 
Jst  could  tow  with  his  draft  of  125  lbs  at  2  miles. 
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ail  the  foregoing  hmita  of  hears  and  speed,  may  be  practically  takes  to  be  abeat  IS 


day ;  or  M00O  ft-flw  per  min  of  a  day  ef  10  boars.    Bat  it  does  aot  follow  that  the  hone  cam  alvayt 


in  praetiee  actually  lift  lomda  at  that  rate ;  because  generally  a  part  of  his  power 
overcoming  the  friction  of  the  machinery  which  be  pots  in  motion ;  and  moreover,  the  nature  of  tfaai 
work  may  require  him  to  stop  frequently ;  so  that  in  a  working  dag  of  8  or  10  boars,  the  horse  nasty 
nut  actually  be  at  work  more  than  5,  6,  or  7  hours. 

As  a  rough  approximation,  to  allow  for  the  waste  of  force  in  overcoming  the  friction  of  hoboing 
machinery,  and  the  weight  of  the  hoisting  chains,  buckets,  Ac,  we  may  say  that  the  Ufs^ful 

or  pitying:  dally  not  work  of  a  horse,  in  hoisting;  by  a  eon- 

HlOn  grin,  is  about  lOOOOOOO  ft-ft*.  That  is,  he  will  raise  equivalent  to  10000000  **  net  of 
water,  or  ore,  Ac,  1  foot.  The  load  which  he  can  raise  at  once,  including  chains,  bucket,  and  an 
allowance'  for  friction,  will  be  as  much  greater  than  his  ova  direct  force,  as  the  dtam  of  the  bone- 
walk  is  greater  than  that  of  the  winding  drum ;  and  it  will  move  that  much  slower  than  he  does. 
His  own  direct  force  will  vary  according  to  the  number  of  hours  per  day  that  he  may  be  required,  to 
work,  as  in  the  foregoing  table.  With  these  data,  the  sixe  of  the  buckets  can  be  decided  on ;  and  ef 
these  there  should  be  at  least  two,  so  that  the  empty  one  at  the  bottom  may  be  filled  while  the  full  one 
at  top  is  being  emptied  j  so  as  to  save  time.    The  same  when  the  work  is  done  by  men. 

Art.  2.  A  practised  laborer  hauling*  along-  a  level  road,  ojr 
a  rope  over  his  shoulders;  or  in  a  circular  path,  pushing  before  him  a 
nor  lever. at  a  speed  of  from  Hi  to  3  miles  per  hour,  exerts  about  %  part  as  much  force  as  a  horse; 
or  2 200  000  ft-lba  per  day ;  or  3886*4  ft-*"  P*'  min  of  a  day  of  10  hours  of  actual  hauling  or  poshing. 

But  laborers  frequently  have  to  work  under  circumstances  less  advantageous  for  the  exertion  of 
their  force  than  when  haulingor  poshing  in  the  manner  jest  alluded  to ;  and  in  snob  eases  they  cannot 
do  a*  much  per  day.  Thus  in  turning  a  winch  or  crank  like  that  of  a  grindstone,  or  of  a  crane,  the 
continual  bendiug  of  the  body,  and  motion  of  the  arms,  is  more  fatiguing.  The  Sise  Of  a 
Win  eh  Should  not  exeeed  18  Ins,  or  the  rad  or  a  circle  of  J  ft  diam;  and  against 
it  a  laborer  can  exert  a  force  of  about  16  Ss,  at  a  rel  of  2J<  ft  per  sec,  or  160  ft  per  min,  making  very 
nearly  16  turns  per  min ;  for  8  hours  per  day.    To  these  8  hours  an  addition  must  be  made  of  about 

M  part,  for  short  rests.  Or  if  a  working  dag  is  taken  at  8,  or  10,  Ac,  hours,  4  part  must  generally  be 
taken  from  it  for  such  rests.  On  the  foregoing  data  an  hour's  fsors  of  60  min  of  actual  hoiaiinf 
woddbe 

Bw         ft         min 

16  X  160  X  60  =  144000 ft-fta; 

or.  deducting  £  part  for  rests,  116300  ft-Be  per  hour  of  (fate,  including  reals.    In  praetiee,  however, 

a  further  deduction  must  be  made  for  the  fric  of  the  machine,  and  for  the  wt  of  the  hoisting  chains ; 
and  iu  case  of  raising  water,  stone,  ore,  Ac,  from  pits,  for  the  wt  of  the  buckets  also.  As  a  rough 
average  we  may  assume  that  these  will  leave  but  100000  ft- lbs  of  paying,  or  useful  work  per  hour; 

that  is,  that  a  man  at  a  winch  will  actually  lift  equivalent  to 
100000  lbs  of  water,  ore,  sfce,  1  foot  high  per  hour's  time,  in- 
cluding rests.  This  Is  equal  to  1966%  ft-lbs  per  min  of  a  day  of  10  hours,  taetodfng  rests. 
Therefore,  In  a  day  of  10  working  hours  he  would  raise  1 000000  lbs  net.  1  foot  high ;  or  just  J^  . 

Kart  Of  What  a  horse  WOUld  do  With  a  frlu  In  the  same  time.  We  have 
fore  seen  that  in  hauling  along  a  level  road,  he  can  at  a  slow  pace  perform  about  X  of  the  daily 
duty  or  a  horse.  He  may  also  work  the  winch  with  greater  force,  say  up  to  JW  or  even  40  lbs ;  but 
he  will  do  it  at  a  proportionately  slower  rate;  thus,  accomplishing  only  the  same  daily  duty. 
With  a  gill,  like  those  for  horses,  but  lighter,  with  2  or  more  buckets,  a >rao- 
tised  laborer  will  In  a  working  day  of  10  hours,  raise  from  1 200000  to  1 400000  ft-fts  net  of  water,  ore, 
4c.  With  a  shallow  well  or  pit,  more  time  is  lost  in  emptying  backets  than  in  a  deep  one;  bet  the 
deep  one  will  require  a  greater  wtof  rope.  To  save  time  in  all  such  operations  on  a  large  scale,  there 
should  be  at  least  two  buckets;  the  empty  one  to  be  filled  while  the  foil  one  is  being  emptied.  It  is 
al.«o  best  to  employ  2  or  more  men  to  hoist  at  the  same  time,  by  winches,  at  both  ends  oT  the  axis ; 
and  the  men  will  work  with  more  ease  if  the  winches  are  at  right  angles  to  each  other.  Kach  winch 
handle  may  be  Itfng  enough  for  2  or  8  men.  An  extra  man  should  be  employed  to  empty  the  buckets. 
He  may  take  turns  with  the  holsters.    The  name  remarks  apply  in  some  or  tbe  following  eases. 

On  a  treadwheel  a  practised  laborer  will  do  abont  40  per  cent  more  daily 
duty  than  at  a  winoh ;  or  in  a  working  day  *  or  10  hours,  inoluding  rests,  he  will  do  about  1 400000  ffc- 
lbs.  And  he  ean  do  this  whether  be  works  at  tbe  outer  olrcumf  ef  the  wheel,  stepping  upon  foot- 
boards, or  tread-boards,  on  a  level  with  its  axis ;  or  walks  Inside  or  It  near  its  bottom.  In  both  eases 
he  acts  by  his  wt.  usually  about  180  to  140  lbs ;  and  not  by  the  maseuler  strength  of  his  anna.  When 
at  the  level  of  the  axis,  his  wt  acts  more  directly  than  when  he  walks  on  the  bottom  or  ibe  wheel; 
but  in  tbe  flrjt  case  he  has  to  perform  a  slow  and  fatiguing  duty  resembling  that  of  walking  up  a 
oootinuoos  Sight  of  steps ;  while  in  the  seoood  be  has  as  it  were  merely  to  ascend  a  very  slightly  in- 
elined  plane;  which  he  can  do  muoh  more  rapidly  for  hours,  with  comparatively  little  fatigue:  and 
tbis  rapidity  compensates  for  the  less  direct  aotion  of  his  wt.  Therefore,  in  either  ease,  as  experieoea 
has  shown,  he  accomplishes  about  the  same  amount  or  dailv  duty.  Treadwheels  may  be  from  6  to  a 
ft  in  diam,  according  to  the  nature  or  tbe  work.  They  are  generally  worked  by  several  men  at  ones, 
and  may  at  times  be  advantageously  used  in  pile-driving,  as  well  as  in  hoisting  water,  stone,  Ac. 

By  a  good  common  pump,  properly  proportioned,  a.  practised  laborer 

will  in  a  day  or  10  working  hours,  raise  about  1000000  ft-OM  or  water,  net.t 

Bailing*  with  a  lisrht  bncket  or  scoop,  he  ean  accomplish  about 

200000  ftlbs  net  of  wnter.  By  a  bucket  and  ftwane.  (a  long  lever  rooking  vertically ; 
and  weighted  at  one  end  so  as  to  balance  tbe  roll  bucket  bung  from  tbe  other;  often  seen  at  country 

•  The  working  day  must  be  understood  to  inelnde  n^oweary  rests,  and  such  Intermissions  as  the 
nature  or  the  work  demand* ;  bat  does  not  Include  time  lost  at  meals.  A  working  dew  or  10  boars 
amy.  therefore,  have  but  8.  7,  or  6,  Ac  hour*  or  actual  labor.  This  will  be  understood  when  we  here- 
after speak  or  a  working  dav,  or  simply  a  day. 

t  Desagulier's  estimates  or  daily  work  or  men  and  horses  exceed  the  atwre,  hat  ere  entirely  too  great 
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■MuuUoanuanoin.   To  lbf  lul  lis  h.i  nolj  w  puliaoo  IhinoiplyltMlfl.uilihtreijjjiIwlh. 
KiDurwMibt.    My  2  buckets  nt  the  ends  of  a  rape  i»p«nilc<l  over 

Hi  *  tympan,  or  tympanum,*  worked  bj  a  tread  wheel,  about  1200000 

By*  Persian  wheel. f  a  chain-pump,  a  ehnlu  of  bnclieln  '  ar 
■n  Irchlnedn  screw,  nil  wurked  by  a  trradwheol,  from  BOO  000  lu  1  (100  WW 
rub,,    or  ibsta  row-.  Lbe  Onl  tbi*«  Jw  n-erul  vlU"r  Ije  mii.t  . In*.  i<-*ilmt,  orlbt  moeuIij  roc 

Inl-lnf    tt^^.ChB    1*1  e .•■"!.«.    IllKln-r    III  A..    <!.*.. 1.    "111.-.,    ir    I-    llllcllWRCHl. 

By  walking  backward  and  forward,  on  A  lever  wnfen  rocks 

mi   tin  c-fntrr.  a  mini  ranv.  according  :.i  Koliinoti'e  ll'iil.  I'M  i  I. «.■[.!.  v.  |..rf.>n.i  n 

•a.  ud  lHMi%k  M  «• taZtUHm,  Sort*]  fn  ili.  muner  Hr  IS  lHgnT*u  •UbmUnil 
•nd  nixd  fM  coble  foci  nr  witcr.  m,  n  bt(b  per  mln.     Till  U  eqiiU  to  iWllWO  (.  Bi  («1>;  of  ig 
boor. ;  or  6640  n  lb.  per  mln ;  or  ne.n,  ^,  at  the  Del  doll;  work  or  ■  t,nr«  Id  ■  Ud. 
A  laborer  standing  Mill,  can  tartly  ™uin  for  a  few  min,  a  load  of  100 


In  the  old  mode  of  driving  pilot,  where  the  ram  of  400  to  1200  In 
Hauling  b;  Traction.   When  working  all  daj,  «aj  10  working 


Table  of  number  of  loads  hanled  per  day  of  10  working 

bDnn.     Tilt  lira  col  rsilio  ilinwu.:.^!..  »liM uivl  cawjcmllj  Uu.i1.h1;  -.r  Lull 


i  of  nHr  b>  QD«nu  Sflrbtj.     We  oionnt  pi  Into  any  dflUll  reopHUaf  Uli  utd  olAer 
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Dist. 

No.  of 

Cost  per 

Dist. 

No.  of 

Oost  per 

Dist. 

No.  of 

Cost  per 

Feet. 

Loads. 

Load. 

Feet. 

Loads. 

Load. 

Miles. 

Loads. 

Load. 

Cts. 

Cts. 

Cts. 

SO 

88 

5.26 

1500 

18 

11.11 

1 

T 

28.57 

100 

87 

5.41 

2000 

15 

13.83 

I* 

6 

83.83 

2'X) 

34 

-     5.88 

2500 

13 

15.39 

IK 

5 

40.00 

300 

32 

6.25 

3000 

11 

18.18 

2 

-    4 

50.00 

400 

SO 

6.67 

8500 

10 

20.00 

3 

3 

66.67 

000 

27 

7.41 

4000 

9 

22.22 

4 

2 

100.00 

1000 

2*2 

9.09 

5000 

7 

28.57 

9 

1 

200.00 

If  the  loading  and  unloading  is  such  as  cannot  be  done  by  the  driver  alone;  bat  requires  the  help 
of  oranes,  or  other  machinery,  an  addition  of  from  10  to  50  cts  per  load  may  become  necessary.  Haul- 
ing oan  generally  be  more  cheaply  done  by  using  2  or  3  horses,  and  one  driver,  to  a  vehicle.  The  neat 
load  per  horse,  in  addition  to  the  vehicle,  will  usually  be  from  H  to  1  ton,  depending  on  the  condition, 
and  grades  of  the  road.    From  13  to  15  cub  ft  of  solid  stone j  or  from  23  to  27  cub  feet  of  broken  stone, 

make  i  ton.    la  estimating  for  haniingr  rouffh  quarry  atone  for 

drains,  Culverts,  Ac,  bear  in  mind  that  each  cub  yard  or  common  scabbled  rubble 
masonry,  requires  the  hauling  of  about  1.2  cub  yds  of  the  stone  as  usually  piled  up  for  sale  in.  the 
quarry ;  or  about  %  of  a  cub  yd  of  the  original  rock  in  place.    A  CUD  yd  Of  SOlid  Stone, 

when  broken  into  pieces,  nsually  occupies  about  1.9  cub  yds 

perfectly  loose  ;  or  about  1H  when  piled  up.  A  strong  cart  for  stone  hauling,  will  weigh 
about  %  ton ;  or  1500  Its ;  and  will  hold  stone  enough  for  a  perch  of  rubble  masonry ;  or  say  1.2  pen 
of  the  Tough  stone  in  piles.    The  average  weight  of  a  good  working  hotfse  is  about  J-jf  *  ton. 

Morin  gives  the  following  results  from  careful  experiments  made  by 

him  for  the  French  Government.  The  draft  of  the  same  wheeled  vehicle  on  a  road,  may  iu  practice 
be  considered  to  be, 

1st.    On  bard  turnpikes,  and  pavements;  in  proportion  to  the 

loads ;  inversely  as  the  dlaras  of  the  wheels ;  and  nearly  independent  of  the  width  of  tire.  It  increases 
to  uncertain  extents  with  the  inequalities  of  the  road;  the  stiffness  (want  of  spring)  of  the  vehicle ; 
and  the  speed ;  (considerably  leas  thau  as  the  square  roots  of  the  last.) 

2d.  On  soft  roads,  the  draft  is  less  with  wide  tires  than 
with  narrower  ones;  and  for  farming  purposes  lie  recommends  a  width  of 
4  ins.    With  speeds  from  a  walk  to  a  fast  trot,  the  draft  does  not  vary  sensibly. 


SPECIFIC  GRAVITY. 

The  sp  grav  of  a  body,  is  its  weight  as  compared  with  that  of  an  equal  bulk  of 
some  other  body,  which  is  adopted  as  a  standard  of  comparison.  For  other  substances 
than  air  and  gases  generally,  pure  water  is  the  usual  standard ;  and  since  the  weight 
of  a  given  bulk  of  water  varies  somewhat  with  its  temperalure ;  and  also  with  the  state 
of  the  air,  the  former  is  assumed  to  be  62°  Fah ;  and  the  latter  at  30  ins,  at  sett-level. 
On  the  continent  of  Europe,  water  at  its  greatest  density,  or  at  a  temperature  of  4° 
Centigrade,  =  39.2°  Fahrenheit,  is  taken  as  the  standard.  But  where  extreme 
scientific  accuracy  is  uot  aimed  at,  all  these  considerations  may  be  neglected ;  and 
any  clear  fresh  water,  at  any  ordinary  temperature,  say  from  60°  to  80°,  may  be 
used.  At  70°,  the  resulting  sp  gr  is  but  1  part  in  1176  greater  than  at  V.2P  ¥ ;  at  75°, 
1  to  670;  at  80°,  1  in  454;  at  85°,  1  in  836;  at  90°,  1  in  264.  At  62°  pure  water 
weighs  62.355  lbs  avoir  per  cub  ft. 

To  find  the  sp  grav  of  a  body,  heavier  than  water.    Weigh 

it  first  in  the  air;  and  then  in  water;  und  find  the  diff.  The  diff  is  what  the  body 
loses  in  water;  and  is  the  weight  of  a  bulk  of  water  equal  to  the  bulk  of  the  body. 
Then  say,  Diff  :  wt  in  air : :  1 :  sp  gray  of  body. 


SPECIFIC  GRAVITY. 
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The  weight  of  a  given  hulk  of  a  substance  which  ia  either  porous,  or  absorbent  of  water,  caooot  be 
inferred  from  its  sp  gr.  Thus  pure  river  Maud,  is  pure  quartz ;  aud  of  course  has  the  same  sp  gr ;  yet, 
a  solid  cub  ft  of  quartz,  weighs  nearly  twice  as  much  as  a  cub  ft  of  sand ;  on  account  of  the  interstices 
of  the  latter.  A  brick,  some  sandstones,  Ac.  absorb  water;  so  that  their  sp  gr  mill  uot  furnish  the 
weight  of  a  dry  mass  of  the  same.  In  such  cases,  the  engineer  will  generally  first  measure  the  con- 
tents of  a  piece  of  the  substance,  if  a  solid ;  aud  then  weigh  it;  thus  ascertaining  its  weight  per  cub 
ft,  Ac.    If  it  is  in  grains,  or  dust,  he  will  measure,  and  then  weigh,  a  cab  ft  of  it.     Footnote  p  384. 

To  find  the  Sp  grav  Of  a  liquid.  First  carefully  weigh  some  solid  body,  as  a 
piece  of  metal,  in  the  air.  Then  weigh  it  in  water,  and  note  the  loss,  say  L.  Then  weigh  it  in  the 
other  liquid;  and  note  the  loss,  say  /.  Then  as  loss  L,  is  to  loss  I.  so  is  1,  or  the  sp  gr  of  water,  to  the 
sp  gr  of  the  liquid.  Or,  if  the  sp  gr,  aud  weight  of  the  solid  body,  are  already  known,  merely  welch 
it  in  the  liquid.  Then  as  its  weight  in  air,  is  to  iu  loss  in  the  liquid,  so  is  its  sp  gr,  to  that  of  the  liquid. 

Timber,  when  first  purchased  from  lumber  yards,  even  under  shelter,  is  rarely,  tf  ever,  perfectly 
dry ;  but  its  weight,  if  tolerably  seasoned,  will  be  about  H  part  greater  than  given  In  oar  tables ,  or 
about  yi  to  %  part,  if  green. 

Table  of  specific  gravities,  and  weights. 

In  this  table,  the  sp  gr  of  air,  and  gases  also,  are  compared  with  that  of  water, 
instead  of  that  of  air;  which  last  is  usual. 


The  specific  gravity  of  any  substance  is  =  its  weight 
in  grams  per  enbie  centimetre. 


ii 
it 
ii 

ii 
ii 


Air,  atmospheric ;  at  60°  Fata ,  and  under  the  pressure  of  one  atmosphere  or 

14.7  As  per  sq  inch,  weighs  -g\-^  part  as  much  as  water  at  60° 

Alcohol,  pare '. 

"        of  commerce 

••        proof  spirit 

Ash,  perfectly  dry.   (See  footnote,  p  383.) average.. 

1000  ft  board  measure  weighs  1.748  tons. 

Ash,  American  white,  dry " 

1000  ft  board  measure  weighs  1.414  tons. 

Alabaster,  falsely  so  called;  but  really  Marbles 

"  real ;  a  oompact  white  plaster  of  Paris average  . . 

Aluminium 

Antimony,  cast,  6.86  to  6.74 average  . . 

"  native 

Anthracite.    See  Coal,  below. 

Asphallum,  1  to  1.8 

Bsvsalt.    See  Limestones,  quarried 

Bath  Stone,  Oolite 

Bismuth,  cast.     Also  native 

Bitumen,  solid.    See  Asphaltum. 

Brass,  (Copper  and  Zinc,)  oast,  7.8  to  8.4 

•»     rolled 

Bronze.    Copper  8  parts ;  Tin  1.    (Gun  metal.)   8.4  to  8.6 

Brick,  best  pressed 

*•      common  hard 

•*      soft,  Inferior 

Brickwork.    See  Masonry. 

Boxwood,  dry 

Cslcite,  transparent 

Carbonic  Acid  Gas,  is  1 K  times  as  heavy  as  air 

Obarooal,  of  pines  and  oaks 

Chalk,  2.2  to  2.8.    See  Limestones,  quarried 

Cl»y,  potter's,  dry,  1.8  to  2.1 

•'     dry,  in  lump,  loose 

Coke,  loose,  of  fEood* coal "     ■■ 

»*     a  heaped  bushel,  loose,  So  to  42  lbs " 

•'      a  ton  occupies  80  to  87  cub  ft " 

In  coking,  coals  swell  from  26  to  60  per  cent. 
Kqual  weights  of  eoke  and  coal,  evaporate  about  equal  wts  of 
water ;  and  each  abt  twice  as  much  as  the  same  wtof  dry  wood. 

Corundum,  pure,  8.8  to  4 

Cherry,  perfectly  dry average  . . 

1000  ft  board  measure  weighs  1.662  tons. 

Coal,  Anthracite,  1.3  to  1.84.     Of  Penn'a,  1.3  to  1.7 usually.. 

"  broken,  of  any  size.    Loose average.. 

"  "        moderately  shaken "    .. 

"  heaped  bushel,  loose,  77  to  83  lbs. 

Aoubioyard,  solid,  averages  about  1.75  cub.  j'ds.  when  broken  to 

any  market  size,  and  loose. 
A  ton,  loose,  averages  from  40  to  43  cubic  feet. 
At  64  lbs.  per  eubio  foot,  a  cubic  yard  weighs  1458  lbs.=  0.661  ton. 

Coal,  bituminous,  1.2  to  1.6 "     •  • 

broken,  of  any  site ;  loose "     .. 

moderately  shaken "    .. 

a  heaped  bushel,  loose,  70  to  78  lbs. 
a  ton  occupies  43  to  48  cub  ft. 
A  cubic  yard  solid,  averages  about  1.76  yards  when  broken  to  any 
market  size,  and  loose. 

2y 
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it 
i« 
ii 
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II 
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It 
•  I 
It 


II 
II 
II 
.1 


Aversge 
SpGr. 


.00123 

r793 

.834 

.916 

.752 

.61 

2.7 

2.31 

2.6 

6.70 

6.67 

1.4 
2.0 
2.1 
9.74 

8.1 
8.4 
8.5 


•96 
2.722 
.00187 

*2.5 
1.9 


3.9 
.672 

1.5 


1.35 


Average 

Wtof  a 

Cub  Ft. 

Lbs. 


.0765 
49.43 
52.1 
57.2 
47. 

38. 

168. 
144. 
162. 
418. 
416. 

87.3 
181. 
131. 
607. 

504. 
524. 
529. 
150. 
125. 
100. 

60 
169.9 

15  to  30 
156. 
119. 

63. 

23  to  32 


42. 

93.5 
62  to  56 
56  to  60 


84. 

47  to  52 

51  to  56 
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Table  of  specific  gravities,  and  weight*— (Continued.) 


The  specific  gravity  of  any  substance  is  =  Its  weight 
In  grams  per  cable  centimetre. 


Average 
8pGr. 


Chestnut,  perfectly  dry.    (See  footnote,  p  388.) average. . 

1000  feet  board  measure  weighs  1.5*26  tons. 

Cement,  hydraulic.    American.  Rosendale ;  ground,  loose average.. 

"  "  ••  "    TJ8.  Struck  bush,  70fts 

**  "  ••  Louisville,  "         "      62 

"  "  "  Copley,        »•         "      67 

"  "  English  Portland.  U.S.  struck  bash,  by  Glllmore,  100  to  128 

"  « Various,  weighed  by  writer,  95  to  102.... 

"  "        "  "        a  barrel  400  to  430  lbs. 

"  "  French  Boulogne  Portland,  struek  bosh,  95  to  110 

Differences  of  4  or  5  pounds  either  more  or  leas  than  we  here  give  per 
loose  struok  U.S.  bush,  often  occur  in  the  cement  from  the  same 
manufactory,  owing  not  only  to  the  difficulty  of  measuring  exactly, 
but  to  the  want  of  uniformity  in  the  composition  of  the  stone,  de 
gree  of  burning,  grinding,  dryness,  Ac.  Moreover,  the  term  "loose' 
is  indefinite.  We  mean  by  it  the  average  looseness  which  it  has 
when  thrown  by  a  scoop  into  a  half  bushel  when  measuring  that 
quantity  for  sale. .  Bv  shaking  it  may  easily  be  compacted  about  H 
part,  so  u  to  weigh  X  more  per  bush,  or  oub  ft.    And  by  ramming, 

about  X  part,  so  as  to  weigh  about  %  more.    So  with  lime,  plas 
ter,  &c 

Copper,  oast 8.6  to  8.8 

"      rolled, 8.8totf.O 

Crystal,  pure  Quarts.    See  Quarts. 

Cork 

Diamond,  3.44  to  3.55 ;  usually  3.51  to  3.55 

Kartb;  oommon  loam,  perfectly  dry,  loose 

"  "    shaken 

"  "    moderately  rammed.. 

slightly  moist,  loose 

more  moist,        "    

"  shaken 


.66 


•  4 

•  1 

II 

It 

II 

II 

II 

II 

II 

II 

II 

•  1 

»t 

II 

II 

II 

II 

II 

II 

It 

II 

II 

II 

11 

"  moderately  packed 

as  a  soft  flowing  mud 

as  a  soft  mud,  well  pressed  into  a  box. 


Ether 

Elm,  perfectly  dry.    (See  footnote,  p  383.) average 

1000  ft  board  measure  weighs  1.302  tons. 

Ebony,  dry •• 

Emerald,  2.63  to  2.76. 

Fat 

Flint 

Feldspar,  2.5  to  2.8.. 

Garnet,  3.5  to  4.3;  Precious,  4.1  to  4.3 " 

Glass,  2.5  to  3.45 

"     oommoa  window 

"     If illville,  New  Jersey.    Thick  flooring  glass 

Granite,  2.66  to  2.88.    See  Limestone,  160  to  180 

Gneiss,  oommon,  2.62  to  2.76 

"      in  loose  piles 

"      Hornblendio 

"  "  quarried,  in  loose  piles " 

Gypsum.  Plaster  or  Paris,    2.24  to  2.30 

in  irregular  lumps 

ground,  loose,  per  struck  bushel,  70 

well  shaken,   "        '«        80 

"         '  "       Calcined,  loose,  per  struok  bush,  65  to  7ft. 

Greenstone,  trap,  2.8  to  3.2 

"  "      quarried,  in  loose  piles 

Gravel,  about  the  same  as  sand,  which  see. 

Gold,     east,  pure,  or  24  carat " 

native,  pure,  18.3  to  19.34 

"        frequently  containing  silver,  15.6  to  19.3, 

pure,  hammered,  19.4  to  19.6 

Gutta  Peroha 

Hornblende,  black,  3.1  to  3.4 " 

Hydrogen  Gas,  is  144  times  lighter  than  air;  and  16  times  lighter  than 

oxygen average. . 

Hemlock,  perfectly  dry.  (Footnote,  p  383.) <<      .. 

1000  feet  board  measure  weighs  .930  ton. 

Hickory,  perfeotly  dry.    (See  footnote,  p  383.) "      .. 

1000  feet  board  measure  weighs  1.971  tons. 

Iron,  oaJt,  6.9  to  7.4 "      .. 

"       "         usually  assumed  at " 

At  450  lbs,  a  oub  inch  weighs  .2604  tb ;  8601.6  cub  inches  a  ton ;  and 
a  lb  =  3.8400  oub  inches ;  cast-iron  gmn  metal 
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ii 
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ii 
ii 
ii 
ii 
•i 
ii 
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it 
ii 
ii 
ii 
•t 
ii 
■i 


ii 
ii 
ii 
it 


.........4 


Average 

Wt  or  a 

Cub  Ft. 

Lbs. 


41. 
56. 

49.6 

63.6 

81  to  102 

76  to  81.fi 

76  to  88 


8.7 

642. 

8.9 

666. 

.26 

16.6 

8.53 

72  to   80 

82  to    92 

90  to  100 

70  to    76 

66  to   68 

75  to   90 

90  to  100 

104  to  112 

110  to  ISO 

.716 

44.6 

.56 

86. 

1.22 

76.1 

2.7 

.93 

68. 

2.6 

162. 

2.66 

166. 

4.2 

2.98 

186. 

2.62 

157. 

2.53 

158. 

2.72 

170. 

2.69 

168. 

98. 

2.8 

175. 

100. 

2.27 

141.6 

• 

82. 

•••••••••• 

66. 

64. 

62  to  60 

3. 

187. 

107. 

19.258 

1204. 

19.32 

1206. 

19.5 

1217. 

•  irO 

61.1 

8.26 

203. 

.00627 

.4 

26. 

.86 

63. 

7.16 

446.   1 

7.21 

io».    1 

7.48 


467. 


r 


•  Bee  tables,  pp.  398  and  899. 
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Table  of  specific  gravities,  and  weights— (Continued.) 


The  specific  gravity  of  any  sutwtance  is  =  its  weight 
in  grams  per  cubic  centimetre. 


•t 


Iron,  wrought,  7.6  to  7.9;  the  purest  has  the  greatest  sp  gr average.. 

"    large  rolled  ban >  a-a  _  ^  fn  ...        M 

usually  aMomed  at  J  8ee  »•  ^  to  *"" 

"    sheet.    (See  pp.  410.  411) «       .. 

At  480  lbs,  a  cub  iuch  weighs  .2770  fi> ;  and  a  lb  =  H.WW  cub  ius. 
Light  iron  indicates  impurity. 

Irory average . . 

Ice,  .917  to  .922 "      .. 

India  rubber '* 

Lignum  vitas,  dry " 

Lard "      .. 

Lead,  of  commerce,  11.30  to  11.47 ;  either  rolled  or  east " 

Limestones  and  Marbles,  2.4  to  2.86, 150  to  178.8 

"  "  *•       ordinarily  about 

"  "  *'       quarried  in  irregular  fragments,  1  oub  yard  solid, 

makes  about  1.9  cub  yds  perfectly  loose ;  or  about 
IX  yds  piled.  In  this  last  case,  .571  of  the  pile 
is  solid;  and  the  remaining  .429  part  of  it  is 

voids piled.. 

Lime,  quick,  of  ordinary  limestone  and  marbles  92  to  98  lbs  per  cub  ft. . . . 

"         "      either  in  small  irregular  lumps ;  or  ground.  16ose  60  to  68- . . . 

In  either  case  1  solid  measure  makes  about  1.8  meas  loose ;  and  then 

■  .565  of  the  mass  is  solid,  and  .445  is  voids. 

To  measure  correctly,  none  of  the  Inmps  should  exceed  about  %  or 

•Ar  of  the  smallest  dimension  of  the  vessel  used  for  measuring. 

Lime,  quick,  ground,  loose,  per  struck  bushel  62  to  70  lbs 

"  "       well  shaken,    "       »•    80      '«   

*•  ••  "       thoroughly  shaken, "    ....93**  ••    

Mahogany,  Spanish,  dry  * average. . 

"  Honduras,  dry 

Maple,  dry* •«      .. 

Marbles,  see  Limestones. 

Masonry,  of  granite  or  limestones,  well  dressed  throughout 

"         "       "      well-soabbled  mortar  rubble.     About  -i  of  the  mass 

will  be  mortar 

well-soabbled  dry  rubble 

roughly  scabbled  mortar  rubble.    About  %  to  H  part 

will  be  mortar 

"         "       "      roughly  scabbled  dry  rubble 

At  155  lbs  per  cub  ft,  a  oub  yard  weighs  1.868  tons;  and  14.45  cub  ft, 
1  ton. 
Masonry  of  sandstone ;  about  %  part  less  than  the  foregoing. 

"        ' '  brickwork,  pressed  briok,  fine  joints average . . 

medium  quality " 

coarse ;  inferior  soft  bricks 4> 

At  125  Jbs  per  oub  ft,  a  oub  yard  weighs  1.507  tons;  and  17.92  oub 
ft.  1  ton. 

Mercury,  at  32°  Pah 

••  60°    "  

«•  212°    *•  

Mica,  2.75  to  3.1 

Mortar,  hardened,  1 . 4  to  1 .9 

Mud,  dry,  dose 

'*    wet,  moderately  pressed 

•«    wet,  fluid 

Naphtha 

Nitrogen  Oas  is  about  ^jr  part  lighter  than  air 

Oak,  live,  perfectly  dry,  .88  to  1.02* average.. 

41    red,  black,  4o* "      .. 

Oils,  whale;  olive " 

"    oftnrpentine " 

Oolites,  or  Roestones,  1.9  to  2.5 " 

Oxygen  Oas,  a  little  more  than  -JL  part  heavier  than  air 

Petroleum 

Feat,  dry,  unpressed 

Pine,  white,  perfectly  dry,  .86  to  .46* 

1000  ft  board  measure  weighs  .930  ton.* 

"     yellow,  Northern,  .48  to  .62 

1000  ft  board  measure  weighs  1.276  tons.* 

"         "       Southern,  .64  to  .80 

1000  ft  board  measure  weighs  1.674  tons.* 

*  Green  timbers  usually  weigh  from  one-fifth  to  nearly  one-half  more  than 

dry ;  and  ordinary  building  timbers  when  tolerably  seasoned  about  one-sixth  more  than  perfectly  diy. 


X 


•  i 


Average 

Average 

Wtor  a 

BpOr. 

Cub  Ft. 

Lbs. 

7.77 

485. 

J  7.6 
I  7.69 

474. 

480. 

485. 

1.82 

114. 

.92 

57.4 

.93 

58. 

1.33 

83. 

.95 

5D.3 

11.38 

7094 

2.6 

164.4 

2.7 

168. 

96. 

1.5 

95. 

53. 

53. 

64. 

75. 

•     .85 

53. 

.56 

35. 

.79 

49. 

165. 

154. 

138. 

150.  . 

125. 

140. 

125. 

100. 

13.62 

849. 

13.58 

846. 

13.38 

836. 

2.93 

183. 

1.65 

103. 

80  to  110 

110  to  130 

lOt  to  120 

.848 

62.i) 

.0744 

.95 

59.3 

.77 

48. 

32  to  45 

.92 

67.3 

.87 

54.3 

2.2 

137. 

.00136 

.0816 

.878 

54.8 

20  to  30 

.40 

25. 

.55 

34.3 

.72 

45. 
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SPECIFIC  GRAVITY. 


Table  of  specific  gravities,  and  weights— (Continued.) 


<4 


The  specific  gravity  of  any  substance  is  =  Its  weight 
ill  grams  per  cubic  centimetre. 


Pine,  heart  of  long-leafed  Southern  yellow,  unseas.    (Footnote,  p  889.) ... 
1000  ft  board  measure  weighs  2.118  tons. 

Pitch .'. T 

Plaster  of  Paris ;  see  Gypsum. 

Powder,  slightly  shaken 

Porphyry,  2.66  to  2.8 

Platiu urn 21  to  22 

'•        native,  in  grains 16  to  19 

Quarts,  common,  pure 2.64  to  2.67 

"  "        finely  pulverised,  loose 

"  "  "  "        well  shaken 

"  "  "  •«        well  packed 

"    quarried,  loose.    One  measure  solid,  makes  full  l*f   broken  and 

piled 

Ruby  and  Sapphire,  8.8  to  4.0. 

Rosin 

Bait,  coarse,  per  struck  bushel ;  Syracuse.  N.  York 56  lbs 

Turk's  Island;  Cadiz;  Lisbon.  76  to 80  .. 

St.  Barts 84  to  90  .. 

"         "       "       "  "       some  well-dried  West  India....  90  to  96  .. 

"        "        "  "        Liverpool 50to55.. 

"    Liverpool  fine,  for  table  use 60  to  62  .. 

Sand,  of  pure  quarts ,  perfectly  dried,  and  loose,  usually  112  to  138  lbs  per 

struck  bushel 

At  the  average  or  98  lbs  per  cub  ft,  a  struck  bushel  weighs  12214  lbs; 
and  18.29  bushels,  1  ton  ;  a  cub  yd  =  1.181  tons ;  22.86  oub  ft,  1  ton. 
Slight  shaktng  compacts  it  about  2  to  8  per  ct ;  and  ramming  about 
12  per  ct  when  dry. 

"      perfectly  wet»voids  full  of  water 

"  "  "     at  the  mean  of  124  lbs,  a  cub  yard  weighs  1.495  tons; 

and  18.06  cubic  feet  =  1  ton. 
"      sharp  angular  sand  of  pure  quarts  with  very  large  and  very  small 

.    grains  dry  may  weigh 

If  any  ordinary  pure  natural  sand  be  sifted  into  2  or  8  or  more  parcels 
of  differently  sized  grains,  a  measure  of  any  of  these  parcels  will 
weigh  considerably  less  tbau  an  equal  measure  of  the  original  sand. 
Thus,  a  sand  weighing  98  lbs  per  cub  foot,  may  give  others  weighing 
not  more  than  70  to  80  lbs.  At  98  lbs  per  cub  ft.  1  bulk  or  pure  quartz, 
,  has  made  1.68  bulks  of  sand ;  of  which  the  solid  occupies  .6 ;  and  the 
voids  .4.  But  if  this  same  sand  be  compacted  to  110  lbs  per  cub  ft, 
then  1  measure  of  solid  quartz  makes  \%  measures  of  sand ;  or  which 
%  are  solid,  and  X  voids.  Sand  is  very  retentive  or  moisture  ;  and 
when  in  large  bulks,  is  rarely  as  dry  as  that  above  in  this  table.  But 
with  its  natural  moisture,  and  loose,  it  is  lighter  than  when  dry.  Its 
average  weight  then  not  exceeding  about  85  to  90  lbs  per  cub  ft ;  or 
106&  to  112&  lbs  per  struck  bushel.      See  Voids  in  Saud,  p  678. 

Sandstones,  fit  for  building,  dry,  2.1  to  2.78, 131  to  171. 

"  quarried,  and  piled.  1  measure  solid,  makes  about  \H  piled... 

Serpentines,  good 2.5  to  2.65 

Snow,  fresh  fallen 

"      moistened,  and  compacted  by  rain 

Sycamore,  perfectly  dry.    (See  footnote,  p  383.) 

1000  ft  board  measure  weighs  1.376  tous. 

Shales,  red  or  black 2.4  to  2.8 average. . 

"        quarried,  in  piles " 

Slate 2.7  to  2.9 "      .. 

Silver "     •• 

Soapstone,  or  Steatite 2.65  to  2.8 "      .. 

8teel,  7. 7  to  7.9.    The  heaviest  contains  least  carbon "      .. 

Steel  is  not  heavier  than  the  iron  from  which  it  is  made ;  unless  the 
iron  had  impurities  whieh  were  expelled  during  its  oon version  into 
steel. 

Sulphur average.. 

Spruce,  perfectly  dry.       Footnote,  p  383. " 

1000  ft  board  measure  weighs  .930  ton. 

Spelter,  or  Zinc 6.8  to  7.2 "     .. 

Sapphire ;  and  Ruby,  3.8  to  4 "     .. 

Tallow "      .. 


Tar 

Trap,  compact,  2.8  to  3.2 
"     quarried ;  in  piles.. 
Topaz.  8.46  to  3.66 


41 
it 
II 
II 


Average 
SpQr. 


1.04 
1.15 

1. 

2.73 
21.5 
17.5 

2,65 


8.9 
1.1 


2.41 


.69 
2.6 


2.8 
10.5 
2.73 
7.86 


.4 

7.00 
8.9 
.94 
1. 
8. 


Average 

Wt  or  a 

Cub  Ft. 

Lba. 


65. 

71.7 

62.3 
170. 
1842. 

165. 

90. 

105. 

112. 

94. 

68.6 

46. 
62. 
70. 
74. 
42. 
49. 

90  to  106 


118  to  129 


fl7. 


151. 

86. 
162. 

.5  to  12 
15  to  60 

87. 

162. 
92. 
175. 
656. 
170. 
490. 


126. 
26. 

437.5 

68.6 
62.4 

187. 

107. 


*  The  sp  gr  of  pure  quarti  sand,  found  as  directed  near  foot  of  p  880,  is  of  course  the  same  as  that 
of  pure  quarts,  or  2.65.  But  a  cub  ft  of  dry  sand  woighs,  as  above,  from  90  to  106  lbs,  or  only  from 
1.44  to  1.7  times  as  mueh  as  an  equal  quantity  of  water.  Most  authorities  give  about  1.5  as  the  sp 
gr.    See  first  paragraph,  p  381. 
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Table  of  specific  gravities,  and  weights  —  (Continued.) 


The  specific  gravity  of  any  substance  is  =  its  weight 
in  grams  per  cubic  centimetre. 


Tin,  cast,  7.2  to  7.5 average.. 

Turf,  or  Peat,  dry,  impressed 

Water,  pure  raiu,  or  distilled,  at  32°  Fab.  Barom  30  ins 

<•  n       ««       t<         <i  g^o    "  "         *•    "     

"  "       *'      *'         "  212^     "  "         "    "   ...   ... 

At  60°,  a  cub  inch  weighs  .03607  lb ;  or  .67712  oz  avoir.     And  a  lb  con- 
tains 27.724  cub  ins  ;■  equal  to  a  cube  of  3.0263  inches  on  each  edge. 

Water,  sea,  1.026  to  1.030 average  .. 

Although  the  wt  of  fresh  water  is  generally  assumed  as  sixty-two 
and  one-third  lbs  per  cnb  ft,  yet  62J£  would  be  nearer  the  truth,  at 
ordinary  temperatures  of  about  70° ;  or  a  lb  =  27.759  cub  ins ;  and  a 
cnb  in  =  .5764  oz  avoir ;  or  .4323  oz  troy ;  or  252.175  grains.  The  grain 
in  the  same  in  troy,  avoir,  and  apoth. 

Wax.  bees average.. 

Wines,  .993  to  1 .04 

Walnut,  black,  perfectly  dry.    (See  footnote,  p  388.) " 

1000  ft  board  measure  weighs  1.414  tons. 

Zino,  or  Spelter.  6.8  to  7.2 "      .. 

Zircon,  4.0  to  4.9 " 


Average 
Sp  Ur. 


7.35 


1.028 


.97 

.998 

.61 

7.00 
4.45 


Average 
Wt  or  a 
Cub  Ft. 

Lbs. 


459. 
20  to  80 
62. 417 
62.355 
59.7 


64.08 


60.5 
62.3 
38. 

437.5 


WEIGHTS  AND  MEASURES. 

United  States  and  British  measures  of  length  and  weight, 

of  the  same  denomination,  may,  for  all  ordinary  purposes,  be  considered  as  equal ; 
but  the  liquid  and  dry  measures  of  the  same  denomination  differ  widely 
in  the  two  countries.  The  standard  measure  of  length  of  both  coun- 
tries is  theoretically  that  of  a  pendulum  vibrating  seconds  at  the  level  of  the 
sea,  in  the  latitude  of  Loudon,  in  a  vacuum,  with  Fahrenheit's  thermometer  at 
62°.  The  length  of  such  a  pendulum  is  supposed  to  be  divided  into  39.1393 
equal  parts,  called  inches;  aud  36  of  these  inches  were  adopted  as  the  standard 
yard  of  both  countries.  But  the  Parliamentary  standard  having  been  destroyed 
iiy  fire,  in  1834,  it  was  found  to  be  impossible  to  restore  it  by  measurement  of  a 
pendulum.  The  present  British  Imperial  yard,  as  determined,  at  a  temperature 
of  62°  Fahrenheit,  by  the  standard  preserved  in  the  Houses  of  Parliament,  is 
the  standard  of  the  United  States  Coast  and  Geodetic  Survey,  and  is  recognized 
as  standard  throughout  the  country  and  by  the  Departments  of  the  Govern- 
ment, although  noi  so  declared  by  Act^of  Congress.  The  yard  between  the  27th 
and  63d  inches  of  a  scale  made  for  the  U.  S.  Coast  Survey  by  Troughton,  of  Lon- 
don, in  1814,  is  found  to  be  of  this  standard  length  when  at  a  temperature  of 
59°  62  Fahrenheit ;  but  at  62°  is  too  long  by  0.00083  inch,  or  about  1  part  in  43373, 
or  1  46  inch  per  mile,  or  0.0277  inch  in  100  feet. 

The  Coast  Survey  now  uses,  for  purposes  of  comparison,  two  measures  pre- 
sented by  the  British  Government  in  1855,  as  copies  of  the  imperial  standard, 
namely : 


"  Bronze  standard,  No.  11 ;"  of  standard  length  at  62°.25  Fahr. 
"  Malleable  iron  standard,  No.  57 ;"  "       u       "       02°.  10 


tt 


See  Appendix  No.  12,  Report  of  U.  S.  Coast  and  Geodetic  Survey  for  1877. 
The  legal  standard  of  weight  of  the  United  States  is  the  Troy 
pound  of  the  Mint  at  Philadelphia.     This  standard,  containing  5700 

f rains,  is  an  exact  copy  of  the  Imperial  Troy  pound  of  Great 
Iritain.  The  avoirdupois  or  commercial  pound  of  the  United  States,  con- 
taining 7000  grains,  and  derived  from  the  standard  Troy  pound  of  the  Mint,  is 
found  to  agree  within  one  thousandth  of  a  grain  with  the  British  avoirdupois 
pound.  The  U.  S.  Coast  Survey  therefore  declares  the  weights  of  the  two  coun- 
tries identical. 

The  metric  system*  was  legalized  in  the  United  States  in 


*  The  metric  system,  as  compared  with  the  English,  has  much  the  same  advantages 
and  disadvantages  that  our  American  decimal  coinage  has  in  comparison  with  the 
English  monetary  system  of  pounds,  shillings  and  pence.  It  will  enormously  facili- 
tate all  calculations,  but,  like  all  other  improvements,  it  will  necessarily  cause  some 
inconvenience  while  the  change  is  being  made.  The  metric  system  has  also  this  fur- 
ther and  very  great  advantage,  that  it  bids  fair  to  become  universal  among  civilized 
nations. 
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1866,  but  has  not  been  made  obligatory.  The  government  has  since  furnished 
very  exact  metric  standards  to  the  several  States. 

The  metric  unit  of  length  is  the  metre,  or  meter,  which  was 
intended  to  be  one  ten-millionth  I  of  the  earth's  quadrant,  i.e.,  of 

\  10,0UU,WX)/ 

that  portion  of  a  meridian  embraced  between  either  pole  and  the  equator.  This 
length  was  measured,  and  a  set  of  metrical  standards  of  weight  and  measure 
were  prepared  in  accordance  with  the  result,  and  deposited  among  the  archives 
of  France  at  Paris  (Metre  des  Archives.  Kilogramme  des  Archives,  etc.).  it  has 
since  been  discovered  that  errors  occurred  in  the  calculations  for  ascertaining 
the  length  of  the  quadrant ;  but  the  standards  nevertheless  remain  as  originally 
prepared. 

The  metric  measures  of  surface  and  of  capacity  are  the  squares 
and  cubes  of  the  meter  and  of  its  (decimal)  fractions  and  multiples. 

The  metric  nnlt  of  weight  is  the  gramme  or  gram,  which  is 
the  weight  of  a  milliliter  or  cubic  centimeter  *  of  pure  water  at  its  tempera- 
ture of  maximum  density,  about  4.5°  Centigrade  or  40°  Fahrenheit. 

By  the  concurrent  action  of  the  principal  governments  of  the  world,  an  In- 
ternational Bnrean  of  Weights  and  Measures  has  been  estab- 
lished, with  its  seat  near  Paris.  It.  has  prepared  two  ingots  of  pure  platinum- 
iridium,  from  one  of  which  a  number  of  standard  kilograms  (1000  grams)  have 
been  made,  and  from  the  other  a  number  of  standard  meter  bars,  both  derived 
from  the  standards  of  the  Archives  of  France.  Of  these  copies,  certain  ones 
were  selected  as  international  standards,  and  the  others  were  distributed  to  the 
different  governments.  Those  sent  to  the  United  States  are  in  the  keeping  of 
the  U.  S.  Coast  Survey. 

The  determination  of  the  equivalent  of  the  meter  in  English 
measure  is  a  very  difficult  matter.  The  standard  ineler  is  measured  from  end 
to  end  of  a  platinum  bar  and  at  the  freezing  point ;  whereas  the  standard  yard  is 
measured  between  two  lines  drawn  on  a  silver  scale  inlaid  in  a  bronze  bar.  and  at 
62°  Fahrenheit.  The  United  States  Coast  Survey  t  adopts,  as  the 
length  of  the  meter  at  62°  Fahrenheit,  the  value  determined  by  Capt.  A.  R. 
Clarke  and  Col.  Sir  Henry  James,  at  the  office  of  the  British  Ordnance  Survey, 
in  1866,  viz. :  39.370432  inches  (  =  3.2808666  -f  feet  =  1.0936222  +  yards) ;  but  the 
lawful  equivalent,  established  by  Congress,  is  39.37  inches  (=  3.28083  feet 
=  1.093611  yards).  This  value  is  as  accurate  as  any  that  can  be  deduced  from 
existing  data. 

The  gram  weighs,  by  Prof.  W.  H.  Miller's  determination,!  15.43234874 

S rains.    An  examination  made  at  the  International  Bureau  of  Weights  and 
Ieasures  in  1884  makes  it  15.43235639  grains.    The  legal  value  in  the  United 

States  is  15.432  grains. 

*  L  centimeter  =  Tfoy  meter  =  0.3937  iuch.    1  milliliter  (ffa  liter)  or  cubic  centi- 
meter =  0.061  +  cubic  inches, 
f  Appendix  No.  22  to  report  of  1876,  page  6. 
j  Philosophical  Transaction*,  1856,  pp.  893,  etc. 


FOREIGN  COINS.  3866 

Approximate  Values  of  Foreign  Coins,  In  IT.  S.  Money. 

The  references  (*,  2, 9,  and  4)  are  to  foot-notes  on  next  page. 

From  Circular  of  U.  S.  Treasury  Department,  Bureau  of  the  Mint,  Jan. 4, 1887; 
from  "  Question  Mouetaire,"  by  H.  Costes,  Paris,  1884;  and  from  our  10th  editiou. 

Argentine  Repub.— Peso  =  100  Centavos,  96.5  cte.2 8    Argentino  =  5  Pesos,  $4.82. 
Austria.— Florin  =  100  Kreutzer,47.7  cts.,2  35.9  cte.8  Ducat,  $2.29.  Maria  Theresa 

Thaler,  or  Levantin,  1780,  $1.00.2    Rix  Thaler,  97  cte.4    Souverain,  $3.57.4 
Belgium.1— Franc  =  100  centimes,  17.9  cts.,2  19.3  cts.8 
Bolivia— Boliviano  =  100  Centavos,  96.5  cte.,2  72.7  cte.8    Once,  $14.95.    Dollar, 

96  eta  * 
Brazil.— Mil  reis  =  1000  Reis,  50.2  cte.,2  54.6  cts.3 
Canada.— English  and  U.  S.  coins.    Also  Pound,  $4.4 
Central  America.*— Doubloon,  $14.50  to  $15.65.    Reale,  average  5%  cts.    See 

Honduras. 
Ceylon. — Rupee,  same  as  India. 

Chili.— Peso  =  10  Dineros  or  Decimos  =  100  Centavos,  96.5  cts.,2  91.2  cts.*    Coil- 
dor  =  2  Doubloons  =  5  Escudos  =  10  Pesos.    Dollar,  93  cts.4 
Cuba.— Peso,  93.2  cts.8    Doubloon,  $5.02. 

Denmark.— Crown  =  100  Ore,  25.7  cts.,2  26.8  cts.8    Ducat,  $1.81.*    Skilling,  %  ct.4 
Ecuador.— Sucre,  72.7  cts.8    Doubloon,  $3.86.    Condor,  $9.65.     Dollar,  93  cts.4 

Reale,  9  cts.4 
Egypt.— Pound  =  100  Piastres  ^=  4000  Paras,  $4.94,3.8 
Finland.— Markka  =  100  Penni,  19.1  cts  2    10  Markkaa,  $1.93. 
France.1— Franc  =100  Cemimes,  17.9  cts.,2  19.3  cts.8    Napoleon,  $3.84.4    Livre, 

18.5  cts.4    Sous,  1  ct.4 
Germany.— Mark  =  100  Pfennigs,  21.4  cts.,2  23.8  cts.8    Augustus  (Saxony),  $3.98.4 
Carolin  (Bavaria),  $4.93.4    Crown   (Baden,  Bavaria,  N.  Germany),  $1.06/ 
Ducat  (Hamburg,  Hanover),  $2.28.4    Florin    (Prussia,  Hanover),  55  cts.4 
Groschen,  2.4  cts.4    Kreutzer  (Prussia),  .7  ct.     Maximilian  (Bavaria).  $3.30.4 
Rix  Thaler  (Hamburg,  Hanover),  $1.104  (Baden,  Brunswick),  $1.004  (Prussia, 
N.  Germany,  Bremen,  Saxony,  Hanover),  69  cts.4 
Great  Britain.— Pound  Sterling  or  Sovereign  (£)  =  20  Shillings  =  240  Pence, 
$4.86.65.8    Guinea  =  21   Shillings     Crown  =  5  Shillings.    Shilling  (*),  22.4 
cts.,2  24.3  cts.  (^  pound  sterling).    Penny  (rf),  2  cts. 
Greece.1— Drachma  =  100  Lepta,  17  cts.,2  19.3  cts.8 
Hay i i.— Gourde  of  100  cents,  96.5  cts.2  » 

Honduras. — Dollar  or  Piastre  of  100  cents,  $1.01.    See  Central  America. 
India.— Rupee  =  16  Annas,  45.9  eta.,2  34.6  cts.8    Mohur  =  15  Rupees,  $7.10.   Star 

Pagoda  (Madras),  $1.81.* 
Italy,  etc.1— Lira  =  100  Centesimi,  17.9  cts.,2  19.3  cts.8    Carlin  (Sardinia),  $8.21.4 
Crown  (Sicily),  96  cts.4     Livre  (Sardinia),  18.5  cte.4  (Tuscany,  Venice),  16 
cts  *    Ounce  (Sicily),  $2.50.4    Paolo  (Rome),  10  cts.4    Pistola  (Rome),  $3.37.4 
Scudo4  (Pi  dmont),  $1.36  (Genoa),  $1.28  (Rome),  $1.00  (Naples,  Sicily),  95 
eta.  (Sardinia),  92  cts.    Teston  (Rome).  30  eta.4    Zecchino  (Rome),  $2.27.4 
Japan.— Yen  =  100  Sen  (gold),  99.7  cts.8  (silver),  $1.042  78.4  cte.8 
Liberia.— Dollar,  $1.00 .«  4 
Mexico.— Dollar,  Peso,  or  Piastre  =  100  Centavos  (gold),  98.3  cte.  (silver),  $1.05,2 

79  cte.8    Once  or  Doubloon  =  16  Pesos,  $15.74. 
Netherlands.— Florin  of  K>0  cents,  40.5  cte.,2  40.2  cte.8  Duoatoon,  $1.32.4  Guilder, 

40  cts.4    Rix  Dollar,  $1.05.4    Stiver,  2  cts.4 
New  Granada.— Doubloon,  $15.34.4 

Norway.— Crown  =  100  Ore  =  30  Skillings,  25.7  cte.,2  26.8  cte.8 
Paraguay.— Piastre  =  8  Reals,  90  cte. 
Persia.- Thoman  =  5  Sachib-Kerans  =  10  Banabats  =  25  Abassis  =  100  Scahis, 

$2.29. 
Peru.— Sol'==  10  Dineros  =  100  Centavos,  96.5  cts.,2  72.7  cte.8    Dollar,  93  cts  4 
Portugal.— Mil  reis  =  10   Testoous  =  1000   Reis,   $1.08.8     Crown  =  10   Milreis. 

Moidore,  $6.50.4 
Russia.— Rouble  =  2  Poltinniks  =  4  Tchetver tales  =  5  Abassis  =  10  Griviniks  = 
20  Pieteks  =  100  Kopecks,  77  cts.,2  58.2  cte.8    Imperial  =  10  Roubles,  $7.72. 
Ducat  =  3  Roubles,  $2.39. 
Sandwich  Islands.— Dollar,  $1.00.4 
Sicily.— See  Italy. 

Spain. — Peseta  or  Pistareen  =  100  Centimes,  17.9  cts.,2  19.3  cts.8  Doubloon  (new) 
=  10  Escudos  =  100  Reals,  $5.02.  Dtiro  =  2  Escudos,4  $1.00.2  Doubloon  (old). 
$15.65.4  Pistole  —  2  Crowns,  $3.90.4  Piastre,  $1.04.4  Reale  Plate,  10  cts.4 
Reale  vellon,  5  cts.4 

1, 2, 3, 4.    See  foot-notes,  next  page. 


886 


FOREIGN  COINS. 


(Foreign  Coins  ( ontinued.    Small  figures  (*,  *,  »,  «)  refer  to  foot  note*.) 

Sweden— Crown  =  100  Ore,  25.7  cts.,2  26.8  cts.*   Ducat,  $2.20.*  Rix  Dollar,  $1.05.4 

Switzerland.1— Franc  =  100  Centimes,  17.9  cts.,2  19.3  cts.3 

Tripoli.— Mahbub  =  20  Piastres,  65.6  cts.s 

Tunis.— Piastre  =  16  Karobs,  12  cts.2    10  Piastres,  Si  .16.6. 

Turkev.— Piastre  =  40  Paras,  4.4  cts.8    Zecchi  n,  $1 .40.-* 

United  States  of  Colombia.— Peso  =  10  Dineros  or  Decimos  =  100  Centavos,  96.5 

cte.,2  72.7  cts.*    Condor  =  10  Pesos,  $9.65.    Dollar,  93  5  cts.* 
Uruguay. — Peso  =  100  Centavos  or  Centesimos  (gold),  $1.03  (silver),  96.5  cts.a 
Venezuela.— Bolivar  =  2  Decimos,  17.9  cts.,2  19.3  eta.8    Venezolano  =  5  Bolivars. 

Sizes  and  Weights  of  United  States  Coins.* 


Gold,  10  per  cent,  alloy  : 

Double  eagle $20 

Eagle 10 

Half  eagle 5 

Three  dollars 3 

Quarter  eagle 2.50 

Dollar .  .      1.00 

Silver,  10  per  cent  alloy  : 

Trade  dollar 100  cts. 

Standard  dollar 100  " 

Half  dollar 50  " 

Quarter  dollar 25  " 

Twenty  cents 20  " 

Dime 10  " 

Half  dime 5  " 

Three  cents 3  u 

Minor. 

5  cents,  75  %  copper,  25%  nickel     .   . 

•J  !(  it  '(»  II  II 

2     "       95%      "         h%  tin  and  zinc. 
I      <>         ii         <i  it  i« 


Diameter. 

Thick  Dess. 

Legal  weight  of  coin 

Inch. 

Inch. 

Grains. 

G  rams. 

135 

.077 

516 

33.436 

1.05 

.060 

258 

16.718 

.85 

.046 

129 

8.359 

.8 

.034 

77.4 

5.015 

.75 

.034 

64.5 

4.179 

.oo 

.018 

25.8 

1.672 

1.5 

.082 

420. 

27.215 

1.5 

.080 

412.5 

26.729 

1.2 

.057 

192.9 

12.5 

.95 

.045 

96.45 

6.25 

.875 

.047 

77.16 

5. 

.7 

.032 

38.58 

2.5 

.6 

.023 

19.2 

1.244 

.55 

.018 

11.52 

.746 

.8 

.062 

77.16 

5.0 

.725 

.034 

30. 

1.944 

.9 

.060 

96. 

6.22 

.75 

.043 

48. 

3.11 

Perfectly  pnre  gold  is  worth  $1  per  23.22  grs  =  $20.67183  per  troy  oz  = 
$18.84151  per  avoir  oz.  Standard  (U.  S.  coin)  is  worth  $18.60-165  per  troy  oz  --= 
$16.95736  per  avoir  oz.  It  consists  of  9  parts  by  weight  of  pure  gold,  to  1  part 
alloy.  Its  value  is  that  of  the  pure  gold  only;  the  cost  of  the  alloy  and  of  the 
coinage  being  borne  by  Government.  A  cubic  foot  of  pure  g-old  weighs 
about  1204  avoir  lbs;  and  is  worth  $362963.  A  cubic  inch  weighs  about  11.148 
avoir  oz ;  and  is  worth  $210.04. 

Pure  gold  is  called  fine,  or  24  carat  gold ;  and  when  alloyed,  the  alloy  is  sup- 
posed to  be  divided  into  24  parts  by  weight,  and  according  as  10, 15,  or  20,  &c,  of 
these  parts  are  pure  gold,  the  alloy  is  said  to  be  10, 15,  or  20,  Ac,  carat. 

The  average  fineness  of  California  native  gold,  by  some  thou- 
sands of  assays  at  the  U.  S.  Mint  in  Philada.,  is  88.5  parts  gold,  11.5  silver.  Some 
Irom  Georgia,  99  per  ceut.  gold. 

Pure  silver  fluctuates  in  value:  thus,  during  1878-1879  it  ranged  between 
§1.05  and  $1.18  per  troy  oz.,  or  $.957  and  $1,076  per  avoir,  oz.  A  cubic  inch  weighs 
about  5.528  troy,  or  6.0- >5  avoir,  ounces. 


i France,  Belgium,  Italy,  Switzerland,  and  Greece  form  the  Latin  Union. 
Their  coins  are  alike  in  diameter,  weight,  and  fi:  eness. 

*  —  19.3  times  the  value  of  a  single  coin  in  francs  as  given  by  Costes. 

»  Par  of  exchange,  or  equivalent  value  in  terms  of  U.  S.  gold  dollar.— Treasury 
Circular. 

4  From  our  10th  edition. 

*  Thirteenth  Auuual  Report  of  the  Director  of  the  Mint.  1885 ;  pp.  106  anil  148. 


WEIGHTS   AND   MEASURES.  387 

Troy  Weigrht.    U.  S.  and  British. 

24  grains 1  pennyweight,  dwt. 

20  pennyweights 1  ounce  --  480  grains. 

12  ounces  1  pound  =  240  dwts.  =  5760  grains. 

Troy  weight  is  used  for  grold  and  silver. 

A  carat  of  the  jewellers,  for  precious  stones  is,  in  the  U.  S.  =  3.2  grs. ;  in 
London,  3.17  grs. ;  in  Paris,  3.18  grains.,  divided  into  4  jewellers'  grs.  In  troy, 
apothecaries'  and  avoirdupois,  the  grain  is  the  same. 

Apothecaries'  Weight.    U.  S.  and  British. 

20  grains 1  scruple. 

3  scruples 1  dram  =  60  grains. 

8  drams 1  ounce  =  24  scruples  =  480  grains. 

12  ounces 1  pound  =  96  drams  ■-=  288  scruples  =  5760  grains. 

In  troy  and  apothecaries'  weights,  the  grain,  ounce  and  pound  are  the  same. 

Avoirdupois  or  Commercial  Weight.    U.  S.  and  British. 

27.34375  grains 1  dram. 

16  drams 1  ounce  =  437U  grains. 

16  ounces ...  1  pound  =  256  drams  =  7000  grains. 

28  pounds 1  quarter  =  448  ounces. 

4  quarters 1  hundredweight— 112  lbs. 

20  hundredweights 1  ton  =  80  quarters  ==  2240  lbs. 

w 

A  stone  =  14  pounds.    A  quintal  =  100  pounds  avoir. 

The  standard  of  the  avoirdupois  pound,  which  is  the  one  in 
common  commercial  use,  is  the  weight  of  27.7015  cub  ins  of  pure  distilled  water, 
at  its  maximum  density  at  about  39°.2  Fahr,  in  latitude  of  London,  at  the  level 
of  the  sea;  barometer  "at  30  ins.  But  this  involves  an  error  of  about  1  part  in 
1362,  for  the  lib  of  water  =  27.68122  cub  ins. 

A  troy  lb  =  .82286  avoir  lb.    An  avoir  tt>  =  1.21528  troy  ft),  or  apoth. 

A  troy  o*.  =  1.09714  avoir,  oz.    An  avoir,  oz.  =  .911458  troy  oz.,  or  apoth. 

Long  Measure.    U.  S.  and  British. 

12  inches 1  foot  —  .3047973  metre. 

3  feet 1  yard  =  36  ins  =  .9143919  metre. 

5U  vards 1  rod,  pole,  or  perch  =  16%  feet  =  198  ins. 

40  rods 1  furlong  =  220  yards  =  660  feet. 

8  furlongs 1  statute,  or  land  mile  -  320  rods  =  1760  yds  =  5280  ft  =  63360  ins. 

3  miles 1  league  =  24  furlongs  =  960  rods  =  5280  yds  =  15840  ft. 

A  point  =  J*  inch.  A  line  =  6  points  =  &  inch.  A  palm  =  3  ins.  A 
hand  =  4  ins.    A  span  =  9  ins.  A  fathom  =  6  feet.  A  cable's  length 

=  120  fathoms  =  720  feet.    A  Ounter's  surveying  chain  is  66  feet,  or  4 
rods  long.    It  has  100  links,  7.92  inches  long.    80  Gunter's  chains  =  1  mile. 
A  nautical  mile,  geographical  mile,  sea  mile,  or  knot,  is 

variously  defined  as  being  =■  the  length  of 

metres  feet        statute  miles 

lmin  of  longitude  at  the  equator    =    1855.345       6087.15         1.15287 
{"latitude        "  "  =     1842.787       6045.95  1.14507 

\        «  ti  «        pole  =    1861.655       6107.85  1.15679 

1         »  «        atlat45°  =    1862.181       6076.76  1.15090 

1  "a  great  circle  of  a  true}  (  value  adopted  by  IT.  S.  Coast 
tmhere  whose  surface  area  is  V  =<  and  Geodetic  Survey 
equal  to  that  of  the  earthj         U853.248       6080.27  1.15157 

British  Admiralty  knot         -    1853.169      0080.00         1.15152 
The  above  lengths  of  minutes,  in  metres  and  feet,  are  those  published  by  the  IT.  S. 
Coast  and  Geodetic  Survey  in  Appendix  No  12,  Report  for  1881,  and  are  calculated 
from  Clarke's  spheroid,  which  is  now  the  standard  of  that  Survey. 
At  the  eouator  1°  of  lat  *  68.70  land  miles ;  at  lat  20°  =  68.78 ;  at  40°  = 

69.00;  at«Prr  69.23;  at«0°  =  69.39;  at90"  =  6$Ul. 
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m4  art  t*e  level 

of  52**  ft.    Base  tfce  ftgvn 


t»4 


hu 
atajbe 

•f  aril  «r  clock  tine;  1 


ouitsutlT  by 

•f  Uragitnde  ta  4 


Deg»r 

Idem. 

Defof 

Mifes. 

Dec«T 

Mite*. 

De^  of 

Mfiem. 

Degnf 

Stem. 

|*v«r 

Mfiem. 

L.B.U 

L-tt- 

Ltt.  • 

L*L 

L»a. 

La. 

• 

99.16 

14 

67.12 

*  i 

e.n 

42 

S1.47 

56 

38.76 

to 

22.72 

2 

•.It 

M 

6639 

m  J 

59.94 

44     i 

69.61 

**     1 

36.74 

72 

31.43 

*     < 

••Li* 

16 

65.*0 

22 

5fe.  79 

4*  ; 

46.12 

69 

34.67 

74 

19-12 

C 

6fe.76 

St 

65j02 

M 

s:j» 

46     | 

4636 

«2     I 

S23» 

76 

K78 

*     1 

4fe.49 

22 

64.15 

36 

56.01 

SO 

44.54 

64 

30.49 

* 

14.42 

10 

4JK.12 

24 

63.21 

38     ! 

5436 

52     1 

«2j67 

96     1 

26.21 

80 

TT9» 

11 

•7.66 

26 

92.99 

«    1 

&L05 

w  : 

09.74 

6#     , 

2aJ6 

« 

9jSS 

See  p  34.      Incites  redo* 


Im. 

• 
1-32 
1-1C 
3-32 

k 

*-12 

2-1C 
7-12 

X 
t-32 

&-16 
11-32 

s 

13-32 

7-16 

13-32 

X 

1732 

9-16 

19-32 

X 
21-32 
11  14 

23-32 

K 

25-32 
13-16 

27-32 

X 
29  32 
1516 
11-32 

1 
1-12 
1-M 


X 
Ml 
t-ic 

1-12 

X 


*-i6 

11-12 

X 

11-12 

7-1C 

1S-12  ■ 

X 

17  32  , 

9-16 

19-32  | 

X  I 
21-32  . 
11  16  ' 
23-^2  ! 

X 

2S32 
13-14 
27-32 

X 
2912 

1V1« 

31-31 


.9026 

.0952 
.0074 
.0101 
.0130 
.0156 
.0142 

.0204 

.•234 
.0209 
.0246 
.0313 
.0339 
.0163 
.0391 
.0*17 
.0443 


.0t9a 

.0521 
.0547 
.0573 
.059* 
.0625 
.065! 
.0677 
.0793 
.0729 
.0755 
.0741 
.0*07 
.0833 
j0459 
.08*5 
.0911 
.0938 

jam 


.1016 
.1042 
.106* 
.1094 
.1120 
.1146 
.1172 
.119* 
.1224 
.1250 
.1276 
.1302 
.132^ 
.1354 
.1340 
.1406 
.1432 
.1454 
.14*4 
.1510 
.1536 
.1563 
.15*9 
.1615 
.1641 


lac.       Fml 


X 


X 
X 


Xi 
! 

X 

x 

X 

X 

Hi 


.1667 
.1693 

.1719 

.1745 

.1771 

.1797 

.1423 

.1849 

•1?T5 

.1901 

.1927 

.1953 

.1371 

.20  J5 

.2031 

.2057 

.2041 

.2109 

.2135 

.2161 

.2148 

.2214 

.2240 

.2266 

.2»2 

.251« 

.2144 

.2370 

.2346 

.2422 

.2444 

.2174 

.2500 

.2526 

.2552 

.2574 

.9604 

.2630 

.2656 

.26«2 

.27<* 

.2734 

.2700 

.2746 

.2*13 

.24W 

.24&J 

.2491 

.2917 

.29a 

.2969 

.299) 

.1021 

.1047 

.3073 

.3*199 

.3125 

.3151 

.3177 

.2203 

.3229 

.1255 

.3281 

.1307 


lora 

Ml  te  1 

■alt « 

9fm 

1%ojC 

3k 

>«m«m. 

In*.  1    FM. 

Im. 

F«L 

las.  '    Fat*. 

IM. 

r«c 

4 

1     -3333 

1     .3359 

.3145 

• 

3026 
3052 

» 

j6H9 

§• 

J8S33 

.3411 

3T7* 

'     J6749 

J801 

X 

1     .3438 

1     .3464 

.3499 

.3516 

X 

3104 

31MI 
3156 

3182 

34 

J6771 
•     JS797 
j     J0R23 

X 

•  JfSM 

3% 

.3542 
.3568 
.3599 
.9630 

X 

1     330p 

1     3234 

3260 

3286 

X 

J0875 
J9J61 

X 

J8M2 

X 

36*6 
3vT2 
,3Xtr 

9k 

3S13 

3IP9 
*     .5365 

S 

.7893 
.7931 

s 

£b 

.3724 

3991 

.7657 

J8734 

X 

.3759 

X 

3417 

X 

.7081 

X 

JB2M 

.3776 

3443 

.7169 

^776 

.3*402 

3469 

S     .7735 

JBtQtt 

.3-^2- 

3495 

1     .7143 

.9826 

x 

JW54 

X 

3521 

% 

1     .71** 

X 

J88M 

.SrWO 

3547 

■     .7214 

JkM 

.3906 

3573 

1     .7240 

^8996 

.3932 

3599 

.7266 

J3BX 

X 

.3959 
39h4 

H 

3625 
3651 

\ 

1     -TSlfr 

X 

avfflHft 

.4010 

TLA    -  - 

.7344 

Sm 

.40J6 

3793 

.7339 

X 

.4063 

X 

3729 

% 

.7396 

X 

J9996 

.4049 

3755 

.     -«« 

J99B9 

.4115 

3>1 

,     -744* 

MU 

.4141 

3807 

.7474 

jmn 

ff 

.4167 

7 

3833 

• 

.7*99 

11 

J914T 

.4193 

3899 

,     .7526 

1 

J999B 

.4219 

388s 

.7S2 

J909 

.4245 

3911 

,7578 

.SSfi 

X 

.4271 

X 

3938 

J» 

.7694 

X 

J9271 

.4297 

3964 

.7639 

.43:3 

3099 

.7656 

J9331 

.4-"49 

J9916 

.7682 

J9S49 

H 

.4  ;t5 
.4*m 

X 

.6042 

J0068 

K 

'.hu 

X 

J9091 

.4427 

JHIfcf 

.7769 

.3*424 

.4j:»'j 

.6120 

.77MB 

J451 

X 

.4479 
.4535 
.4531 

X 

.6146 
.6172 

.619* 

9k 

.7SS 

.7839 
.786 

s 

J9479 

.4557 

1 

.6224 

.7891 

J9557 

X 

.4583 

X 

.6250 

X 

.7H7 

X 

J9B81 

.4009 

i 

.6276 

.7941 

J99B9 

.4635 

i 

.6302 

.7999 

* 

J9B1 

.4661 

l 

.6328 

.739S 

1 

4>a9k9JVl 

X 

.46NK 

.4714 
.4740 
.4706 

X  . 

! 

.6354 
J63H0 
.6406 
.6432 

X 

X 

J9714 

X 

.4792 
.4«1« 

.4*79 

H  . 

.64a* 
•«4«4 
JBI0 
•4B9S 

H 

JH77 

1 

■ 

s 

X 

.4922 
.4948 
.4974 

X 

J6S89 
Ji«15 
J6641 

X 

s 

X 

§ 

WEIGHTS  AND   MEASURES. 
Square,  or  l.imrt  measure. 


Cubic,  or  Solid  H«n 


*llj  tftkEDBLWIn  n  i  -bud  gii«  317^  «ub  ft.     la  Brit  eDgtaaerlsi 

i.i'   ]]',  c.]0  vdH.     fr.e  Mi.Qlivfcl.  n'unn.la  .  sold?  -  ^l/i  ''I'  rt :    ■■! 


A  cable  foot  Ib  equal  to 


A  cubic  luirli  Is  equal  to 

(III;  «r  l.mKS  ■DhWlr.l  lap. 
A  cubic  jmrd  la  eqnal  to 


A  sphere  1  loot  In  diameter,  contains 
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A  e7.i1 


te  oil 


ter, 


tains 


>eaby»"i 
.TrS-i  cub  fiaiC- 
IJaT.TIln^mcfcca. 
JCILT  C  S.  *rj 
2^245  T.  S.  dry  peeks. 
20.19&?  r.  S.  d.-T  qaarts. 
4»^d:«  C-  3.  dry  pun. 
5^~Tj»j  C.  S-  ,:qa:d  gallias. 
AatOb  C.  3.  otiakl  qi 


U.S. 


A  cyliMter  1  in**  in 

j605454enb  foot 
9.424e  cub  inches. 

.2J5G6  C.  S.  dry  put. 

.3264  liqaid  pint. 
1 .3056  U.  S.  gill. 

For  Mirers,  see  below ;  afeu  p  157 

The  WmIo  <*  this  sseasare  io  the  U.  S.  is  the  old  Brit 
■  »Mir  of  pure  water,  at  its  au  dea>ity  of  aboat  38°.X  Fahr ;  the 
4»a.  sad  6  ias  bigh,  eaataias  250.904  cab  ias,  or  alam 
6.1354  ias  ansa  nice.     Also  aralltn  —  -l-TW?of  *  enh  ft 
7*  gall*.    TkUtaoiBkofveTer  !■▼««▼«•  uicmra' 
ally  weighs  8.3450IM  lbs. 

enb  ias. 

4  gills 1  pint     =28*73. 

2  pints 1  quart  =  57.759  =  8  gins.  2 

4qaarts. 1  gallon  =  231. =8  peats =32  gill*.      2  pipes 


47.0M6  T.  S.  najaaa  ssau 

I^aOM  T. >.  fiaada g3H. 

«J>9«T  Brit  imp  gaiisas. 

BLiTS*  Brit  iatp  aaaxts. 

30.1573  Brit  iatp  pints. 

136.6B0T  Brit  iatp  gills. 

2*2305  knew. 

XJCSSn  decaiitzea. 

1  fb»t  nitjn,  eoi 

.2710  Brit  iatp  pat. 

1.0877  Brit  hap  gOL 

15l4441  ceatititrea. 

1^*441  Orcatuca. 

U54441  btrea. 

ntai 


of  231  eab  has ;  or  8JSS88S  few 
at  30  has.    A  cjliader  7  ins 
gsllea  ;  as  does  alao  a  cabe  of 
b  ft  contains  T.48052  gaOi ;  nearly 
1  part  in  1362,  fa 


1  pine,  ar  butt. 
1 


lathe  U.S.  and  Great  Brit.  1  ■■■ill  af  wist  i  linnilr  ~  Tl'£  ■  II  in  Peaaayrraaia.  a  hair 
barrel.  16  galls;  a  doable  barrel,  64  galls;  »  aamehenm,  84  gall*:  a  tteiee.  42  galls.  A  liqaid 
measure  barrel  of  31  %  galls  eontaias  4.211  cob  fi  =  a  cabe  of  1.615  ft  on  an  edge ;  or  3.384  TJ.  S.  struck 
ten  belt.    A  srlll  ~  7.21975  cab  ins.    Tke  fUl«wlma;  eyknaVera  contain  some  of  these  i 

IsoplsT. 


very  approximately.     For  others,  aee  above;  also  p 


Diam.  Height, 

enb  ins.  Ins.  Ins. 

OKI  '7.21875) Hf     3 

J*  pint 2Ji     3H 

Pint 3.4     3 

tiuart 3J<     6 


I 


Diam. 
Ins. 

Gallon 7    . 

2  gallons. 7    . 

hgailoi.ii 14     . 

10  gallons. 14    . 


Apothecaries' 

or  Wine  Measure 

• 

• 

Measure.        t  Symbol. 

• 

i>5«.-        V\ui&         Fluid      w_5_. 
P,nts-     ounces,  drachms.  «imms. 

,                                  i 

i 

Cable 
incites. 

Weight  of  water 4 

Pounds,  ar. 

Grains. 

1  Gallon Cong* 

1  pint O  t 

8       !      128 
1        I        16 

10X4 
128 

8 
1 

... 

61440 
7680 

480 

60 
1 

231 
28l875 

1.8047 
0.2256 
0.0038 

8.345 

1.043 

Ounces,  av. 

1.043 

•  •  *  m 
m  •  *  s> 

58415 
73013 

I  Fluid  ounce  ...'       f& 
1  Fluid  dracbm..!       /3 

1 

.... 

456.4 
5705 
0.96 

To  red  nee  U.  8.  liquid  measures  to  Brit  ones  of  the  same  deooaiioa- 

timi,  divide  by  1.20032;  or  near  enough  for  common  use,  by  1.2;  or  to  reduce  Brit  to  U.  S  maltinly 
by  1.2. 

Dry  Measnre. 

U.S.  only. 
The  basis  of  this  is  the  old  British  Winchester  struck  bushel  of  2150.42  cub 

In*  ,  or  77.627413  pounds  avoir  or  pure  water  st  its  max  density.  Its  dimensions  by  law  are  18)4.  Ins 
iuut-r  diam ;  1»H  ios  outer  diam;  and  8  ius  deep ;  and  when  heaped,  the  cnue  is  not  to  be  leas  than  6 
in*  bigb ;  which  makes  a  heaped  bushel  equal  to  \%  struck  ones ;  or  to  1.5655*  cab  It. 

Kdge  of  a  cube  of 
equal  capacity. 

2  pints      1  quart.  =  67.2006  cub  ina  =  1.16365  liquid  qU 4.066  ins. 

4quarta   1  gallon,  =  8  pints,  =  268.8025  cub  ins.  =  1.16365  liq  gnl 6.454   •• 

2  galloua  1  peck,     =  16  pints,  =  8  quarts.  =  537.6050  cub  ius 8.131   ** 

4  pecks     1  struck  bushel,  =  64  pints,  =  32  quarts,  =  8  gals,  =  21aO.4-.UO cub  io«.  12.W8   " 


*  Abbreviation  of  Latin,  Congius. 
t  Abbreviation  of  Latiu.  Octariua. 

t  At  its  maximum  dfu*itj.  64.425  pounds  per  cubio  foot,  correapouding  to  a  temperature  of  IP 
Ceuiigrade  =  39.2°  Fahrenheit. 
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A  struck  bushel  =  1.24445  cub  ft    A  cub  ft  =  .80856  of  a  struck  bushel. 
The  dry  flour  barrel  =  3,.75  cub  ft;  =  3  struck  bushels.    The  dry  barrel  is 

not,  however,  n  legalized  measure;  and  no  great  attention  is  given  to  its  capacity;  consequently, 
barrel 8  varj  considerably.  A  barrel  of  flour  contains  by  luw,  196  S>s.  In  ordering  by  tbe  barrel,  the 
amount  of  its  contemn  should  be  specified  in  pounds  or  galls. 

To  reduce  U.  S.  dry  measures  to  Brit  imp  ones  of  the  same  Dame,  dif 

by  1.031516;  and  to  reduoe  Brit  ones  to  U.  S.  mult  by  1.031516;  or  for  common  purposes  use  1.032. 

British  Imperial  Measure,  both  liquid  and  dry. 

This  system  is  established  throughout  Great  Britain,  to  the  exolusion  of  tbe  old  ones.    Its  basis  Is 
the  imperial  gallon  of  277.274  cub  ins,  or  10  lbs  avoir  of  pure  water  at  the  temp  of  62°  Fahr,  when 

the  barom  is  at  30  ins.    This  basis  involves  an  error  of  about  1  part  in 

1836,  for  10  lbs  of  the  water  =  only  277.123  cub  ins. 


4  gills  I 
2  pints  1 
2  quarts  1 
2  pottles  1 
2  gallons  1 
4  pecks  1 
4  Lushelsl 
2ooombsl 


pint.... 
quart. . . 
pottle... 
gallon .. 
peek 
bushel., 
coomb . . 
quarter. 


Avoir  lbs. 
of  water. 

Cob.  ins. 

Cub.  ft. 

Edge  of  a  cube  of 

equal  capacity. 

Inches. 

1.25 

34.6502 

68.3185 

138.637 

277.274 

554548 

2218.192 

8872.768 

17745.536 

3.2605 

2.50 
5. 

4  1079 
5.1756 

10. 

6.5208 

20.     1 

80.     1     Drv 
820.     f  metis. 
640.     J 

8.2157 

1.2837 

5.1347 

10.2694 

13.0417 

Tbe  imp  gall  =  .16046  cub  ft;  and  1  cub  ft =6. 23210  galls.    The  imp  gal  =  1.20032,  or  very  nearly  i£ 
U.  8-  liquid  galls. 


Ifeasure. 

Symbol. 

Pints. 

Fluid 
ounces. 

Fluid 
drachms. 

Minims. 

Cubic 
Inches. 

Weight  of  water.} 

Pounds,  av. 

Grains. 

1  pint 

C* 
Ot 

fl.  oz. 
ti.  dr. 
min. 

8 
1 

•  •  •  • 

•  •  *  • 

160 
20 

1 

•  •  •  • 

•  •  *  • 

1280 

160 

• 

8 
1 

76800 
9600 

480 

60 

1 

277.274 
36.659 

1.738 
0.217 
0.0036 

10 
1.25 
Ounces,  av. 
1 

«... 

70000 
8750 

1  Fluid  ounoe  . . . 
1  Fluid  drachm.. 
1  Minim 

437.5 
54.6875 
0.9114 

•  a  •  • 

* 

The  weight  of  water  afford*  an  easy  way  to  And  the  cubic  contents  of  a  vessel.  First  weigh  the  ves- 
sel by  itself;  and  then  full  of  water.  The  difference  will  be  the  weight  of  the  water ;  and  this  divided 
by  62.3  or  by  the  number  in  the  table  (p.  217)  opposite  the  temperature  of  the  water,  will  be  tbe  con- 
tents in  cubio  feet. 

To  obtain  the  size  of  commercial  measures  by  means  of  the 

weight  of  water. 

At  the  common  temperature  of  from  70°  to  75°  Fah,  a  cub  foot  of  fresh  water  weighs  very  approxi- 
mately 62>i  lbs  avoir.  A  cubio  half  foot,  (6  ins  on  each  edge,)  7.78125  lbs.  A  cub  quarter  foot,  (3  in* 
on  each  edge,)  .97266  lb.  A  cub  yard,  1680.75  lbs;  or  .75034  ton.  A  oub  half  yd,  (18  ins  on  each  edge.) 
210.094  lbs ;  or  .0938  ton.  A  cub  inch,  .036024  S> ;  or  .576384  ounce ;  or  9.2222  drams ;  or  252.170  grains. 
An  inch  square,  and  one  foot  long,  .432292  lb.  Also  1  lb  =  27.75903  cub  ins,  or  a  cube  of  S.028  ins  on  an 
edge.    An  ounce,  1.735  cub  ins ;  a  ton,  35.964  oub  ft,  all  near  enough  for  common  use. 

Original. 


Liquid  Measures.    Lbs  Avoir. 
^  of  Water. 

U.  S.  Gill 26005* 

TJ.  8.  Pint 1.0402 

U.  S.  Qaart 2.0804 

TJ.  8.  Gallon  8  lbs  5i  oz 8.3216 

U.  S.  Wine  -Barrel,  31 H  Gall 262.1310 

Dry  Measures. 

TJ.  3.  Pint 1.2104 

TJ.  8.  Quart 2.4208 

U.  8.  GaUon 9.G834 

U.  8.  Peck 19.3688 

U.  8.  Bushel,  struck 77.4670 

•  Or  4  ounces  j  2  drams;  15.6625  grs. 


Liquid  and  Dry.   Lbs  Avoir. 

v       of  Water. 

British  Imp  Gill 31214* 

'*     Pint 1.24858 

"        "     Quart 2.49715 

"        "     Gallon 9.9886 

"        "     Peck 13.0772 

14        «'     Bushel 79.9088 

*  4.9942;  or  very  nearly  5  ounoes. 

Metric  Measures. 

Centilitre 02198t 

Decilitre 2198* 

Litre 2.1981 

Decalitre,  or  Centisterc 21.9808 

Metre,  or  Store 2198.0786 

t  Or  5.6271  drams ;  or  153.866  grs. 
1 3.5169  ounoes. 


*  Abbreviation  of  Latin,  Congius. 
t  Abbreviation  of  Latin,  Octnriu*. 
2  At  the  standard  temperature,  62°  Fahrenheit  =  about  16.7°  Centigrade. 
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Metric  Measures  of  Length. 

By  U.  S.  and  British  Standard. 


Millimetre*. 
Centimetre-}-. 
Decimetre... 

Me'treJ 

Decametre... 
Hectometre . 
Kilometre.... 
Myriametre . 


Ins. 


Ft. 


.039370 

.39370428 

3.9370428 

39.370428 

393.70428 

Road 
measures. 


.003281 

.032809 

.3280869 

3.280869 

32.80869 

328.0869 

3280.869 

32808.69 


Yds. 


.1093623 
1.093623 
10.93623 
109.3623 
1093.623 
10936.23 


•  Nearly  the  Ar  part  of  an  inch.  t  Full  H  inch. 

I  Very  nearly  S  ft,  &%  ins,  which  is  too  long  by  only  1  part  in  8616. 

Metric  Square  Measure. 

By  U.  8.  and  British  Standard. 


Metric  Cubic  or  Solid  Measure. 

Aeeordlnjt  to  U.  8.  Standard. 

Ouly  those  marked  "  Brit"  are  British. 


Millilitre,  or  cub 
Centimetre.... 


Centilitre 


Decilitre . 


Litre,  or    cubic 
Decimetre.... 


Decalitre,        or 
Centistere.... 


Hectolitre,      or 
Decistere 


Kilolitre,  or 
Cubic  Metre, 
or  Stere 


.Myriolitre,      or 
Decastere 


Cnb  Ins. 

.0610254 

.610254 
6.10254 

61.0254 

610.254 
Cub  Ft. 

.353156 

3.53156 

35.3156 
353.156 


(  Liquid. 
(Dry. 
J  Liquid. 
(Dry. 


.0084537  gill. 
.0070428  Brit  gill. 
.0018162  dry  piut. 

.084537  gill. 
.070428  Brit  gilL 
.018162  dry  pint. 


J  Liquid.  .84537  gill  =  .21134  pint. 
(Dry. 


! 


Miles. 


.0621375 
.6213750 
6.213750 


Sq.  Ins. 

Sq.  Feet. 

Sq.  Yds. 

Acres. 

.001550 
.155003 
15.5003 
1550.03 
155003 

.00001076 
.00107641 
.10764101 
10.764101 
1076.4101 
10764.101 
107641.01 
10764101 

.0000012 

.0001196 

.0119601 

1.19601 

119.6011 

1196.011 

11960.11 

1196011. 

Sq  Metre,  or  Centiare 

Sq  Decametre,  or  Are 

.000247 
.024711 
.247110 

2.47110 

.3861090  sq  miles. 
38.61090   *       ** 

247  110 

24711  0 

.S4D37  gill  =  .'Z1I34  pint. 

.70428  Brit  gill  =  .17607  Brit  pint 
.18162  dry  pint. 


(  Liquid. 
(Dry. 
(  Liquid. 

I  Dry. 

Liquid. 

Dry. 

|  Liquid. 

(Dry. 

J  Liquid. 
I  Dry. 


1.05671  quart  =  2,1134  pints. 

.88036  Brit  quart  =  1.7607  Brit  pints. 

.11351  peck  =  .9081  dry  qt  =  1.8162  dry  pt. 

2.64179  U.  8.  liquid  gal. 

2.20090  Brit  gal. 

.283783  bush  =  1.1351  peck  =  9.081  dry  qts. 


{ 


26.4179  U.  S.  liquid  gal. 
22.0090  Brit  gal. 
2.83783  bush. 

264.179  U.  S.  liquid  gal. 
220.090  Brit  gal. 
28.3783  bush. 

2641.79  U.  S.  liquid  gal. 
283.783  bush. 


I  Cub  yds,  1.3080. 
1  Cub  yds,  13.080. 
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Metric   Weights,  reduced  to  common  Commercial  or  Avoir 
Weight,  of  1  pound  =  16  ounces,  or  7000  grains. 


Milligramme . 

Centigramme 

Decigramme 

Gramme 

By  law  a  5-cent  nickel  =  5  grammes. 

Decagramme 

Hectogramme '., 

Kilogramme 

Mynogramme , 

Quintal* 

Tonneau;  Millier;  or  Tonne 


Grains. 

.015432 

.15432 

1.5432 

15.432 

Pounds  ay. 

.022046 
.22046 
2.2046 
22.046 
220.46 
2204.6 


The  gramme  is  the  basil  of  French  weights;  and  is  the  weight  of  a  cab  centimetre  of  distilled 
water  at  its  max  density,  at  sea  level,  in  lat  of  Paris ;  barom  29.922  ins. 


French  Measures  of  the  '*  Systeme  Usuel. 


99 


This  system  was  in  use  from  abont  1812  to  1840,  when  it  was  forbidden  by  law  to  nse  even  its  names. 
This  was  done  in  order  to  expedite  the  general  use  of  the  tables  which  we  have  before  given.  Bat  as 
the  Systeme  Usuel  appears  in  books  published  during  the  above  Interval,  we  add  a  table  of  some  of  its 
values. 

Measures  of  Length. 


Ligne  usuel,  or  line 

Pouoe  usuel,  or  inoh,  =  12  lignes. 
Pied  usuel.  or  foot,  =  12  pouces  . . 

Aune  usuel,  or  ell 

Toiae  nsuei,=6pieds 


Yards. 


.36454 
1.81236 
2.18727 


Feet. 


.09113 
1.09362 
3.93708 
6.56181 


Inches. 


.09113 

1.09362 

13.12344 

47.245 

78.74172 


Weights,  TJsuel. 

Cubic,  or  Solid,  TJsuel. 

.8375  grains. 
60.297        ** 

1.10258  avoir  os. 
.56129  avoir  lb. 

1.10258  avoir  lb. 

Litron  usuel,  or  1  litre 

=  1.7608  British  pint. 

2.7512  British  gals. 

Livre  usuel, ) 
or  pound,  J 

Before  1812,  or  before  the  "8ysteme  usuel,"  the  Old  System,  "  Systeme  Ancien,"  was  in  use. 

French  Measures  of  the  "Systeme  Ancien." 


Lineal. 


Point  ancien,  .0148  ins ..................... ...... 

Ligne  ancien,  .0888  ins 

Pouoe  aneien,  1.06577  ins=  .0888  ft 

Pied  ancien.  12.7892  ins  =  1.06577  ft 

Anne  aneien,  46.8939  ins =8.90782  ft  =  1.30261  yds 

Totee  ancien.  =  6.3946  ft=  2.1315  yds 

Leagues  2282  toises  =  2.7637  miles 


Square. 


Sq.  ins. 
.00789 
1.1359 


Sq.ft. 


1.1359 
40.8908 


Sq.  yds. 


4.5434 


Cubic. 


C.  inn. 

.0007 

1.2106 


C.  ft. 

1.210C 
261.482 


C.  yds. 


9.6845 


There  is,  however,  much  oonfusion  about  these  old  measures.    Different  measures  had  the  »aiuc 
name  in  different  provinces. 


*  The  mwirdupoi*  quintal  is  100  avoirdupois  pounds. 
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Russian. 

Foot;  same  as  U.  S  or  British  foot.  Sac  nine  =  7  feet.  Verst  =  5JXT 
sachine  ~  3500  feet  =  1166%  yards  =  .6629  mile.   Pood  =  36.114  fts  avoirdupois, 

Spanish. 

Tlie  castellano  of  Spain  and  New  Granada,  for  weighing  gold,  is  variously 
estimated,  from  71.07  to  71.04  grains.  At  71.065  grains,  (the  mean  between  the 
two)  an  avoirdupois,  or  common  commercial  ounce  contains  6.1572  castellano; 
and  a  ft  avoirdupois  contains  98.515.  Also  a  troy  ounce  =  6.7553  castellano ;  and 
a  troy  lb  =  81.064  castellano.   Three  U.  S.  gold  dollars  weigh  about  1.1  castellano. 

The  Spanish  mark,  or  marco,  for  precious  metals,  in  South  America, 
may  be  taken  in  practice,  as  .5065  of  a  ft)  avoirdupois.  In  Spain,  .5076  ft).  In 
other  parts  of  Europe,  it  lias  a  great  number  of  values:  most  of  them,  however, 
being  between  .5  and  .54  of  a  pound  avoirdupois.  The  .5065  of  a  ft  =  3545^ 
grains;  and  .5076  ft  =  3553.2  grains.  1  marco  =  50  castellanos  =  400  toraine  = 
4800  Spanish  groW-grains. 

The  arroba  has  various  values  in  different  parts  of  Spain.  That  of  Cas- 
tile, or  Madrid,  is  25.4025  fts  avoirdupois;  the  tonelada  of  Castile  =  2032.2 
fts  avoirdupois;  the  quintal  =  101.61  fts  avoirdupois ;  the  libra  =  1.0161 
fts  avoirdupois;  the  cantara  of  wine,  Ac,  of  Castile  =4.263  U.S.  gallons; 
that  of  Havana  =  4.1  gallons. 

The  vara  of  Castile  =  32.8748  inches,  or  almost  precisely  32%  inches;  or  2 
feet  8%  inches.  The  fanegada  of  land  since  1801  =  1.5871  acres  =  69134.08 
square  feet.  The  fanega  of  corn,  Ac  =  1.59914  U.  S.  struck  bushels.  Tn 
California,  the  vara  by  law  =  33.372  U.  S.  inches;  and  *he  legua  =  500!! 
varas :  or  2.6335  U.  S.  miles. 
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TABLE  OF  MEADS  OF  WATER  CORRESPONDING  TO 

GIVEN  PRESSURES. 

Water  at  maximum  density,  62.425  lbs.  per  cubic  foot  =  1  gram  per  cubic 
centimeter ;  corresponding  to  a  temperature  of  4°  Centigrade  =  39.2°  Fahrenheit. 

Head  in  feet  ••=  2.306768   X  pressure  in  lbs.  per  square  inch, 
v  "     ^=  0.0160192  X  pressure  in  lbs.  per  square  foot. 

Heads  corresponding  to  pressures  not  given  in  the  table  can  be  found  by  these 
formulae,  or  taken  from  the  table  by  simple  proportion. 
For  con  version  of  various  units  of  pressure,  see  p.  224. 


Pressure. 

lbs.  per 

lbs.  per 

sq.  in. 

sq.  ft. 

1 

144 

2 

288 

3 

432 

4 

576 

5 

720 

6 

864 

7 

1008 

8 

1152 

9 

1296 

10 

1440 

11  , 

1584 

12 

1728 

13 

1872 

14 

2016 

15 

2160 

16 

2304 

17 

2448 

18 

2592 

19 

2736 

20 

2880 

21 

3024 

22 

3168 

23 

3312 

24 

3456 

25 

3600 

26 

3744 

27 

3888 

28 

4032 

29 

4176 

80 

4320 

31 

4464 

32 

4608 

33 

4752 

84 

4896 

35 

5040 

36 

5184 

87 

5328 

38 

5472 

39 

5616 

40 

5760 

41 

5904 

42 

6048 

43 

6192 

44 

6336 

45 

6480 

46 

6624 

47 

6768 

48 

6912 

49 

7056 

50 

7200 

Head. 

Pres 

Feet. 

lbs.  per 

sq.  in. 

2.3068 

51 

4.6135 

52 

6.9203 

53 

9.2271 

54 

11.5338 

55 

13.8406 

56 

16.1474 

57 

18.4541 

58 

20.7609 

59 

23.0677 

60 

25.3744 

61 

27.6812 

62 

29.9880 

63 

32.2948 

64 

34.6015 

65 

36.9083 

66 

39.2151 

67 

41.5218 

68 

43.8286 

69 

46.1354 

70 

48.4421 

71 

50.7489 

72 

53.0557 

73 

55.3624 

74 

57.6692 

75 

59.9760 

76 

62.2827 

77 

64.5895 

78 

66.8963 

79 

69.2030 

80 

71.5098 

81 

73.8166 

82 

76.1233 

83 

78.4301 

84 

80.7369 

85 

83.0436 

86 

85.3504 

87 

87.6572 

88 

89.9640 

89 

92.2707 

90 

94.5775 

91 

96.8843 

92 

99.1910 

93 

101.4978 

94 

103.8046 

95 

106.1113 

96 

108.4181 

97 

110.7249 

98 

113.0316 

99 

115.3384 

100 

lbs.  per 
sq.ft. 


Head. 


Feet 


7344 

7488 

7632 

7776 

7920 

8064 

8208 

8352 

8496 

8640 

8784 

8928 

9072 

9216 

9360 

9504 

9648 

9792 

9936 

10080 

10224 

10368 

10512 

10656 

10800 

10944 

11088 

11232 

11376 

11520 

11664 

11808 

11952 

12096 

12240 

12384 

12528 

12672 

12816 

12960 

13104 

13248 

13392 

13536 

13680 

13824 

13968 

14112 

14256 

14400 

30 


117.645 
119.952 
122  259 
124.565 
126.872 
129.179 
131.486 
133.793 
136.099 
138.406 
140.713 
143.020 
145.326 
147.633 
149.940 
152.247 
154.553 
156.860 
159.167 
161.474 
163.781 
166.087 
168.394 
170.701 
173.008 
175.314 
177.621 
179.928 
182.235 
184.541 
186.848 
189.155 
191.462 
193.769 
196.075 
198.382 
200.689 
202.996 
205.302 
207.609 
209.916 
212.223 
214.529 
216.836 
219.143 
221.450 
223.756 
226.063 
228.370 
230.677 


Pressure. 

lbs.  per 

lbs.  per 

sq.  in. 

sq.  ft. 

101 

14544 

102 

14688 

108 

14832 

104 

14976 

105 

15120 

106 

15264 

107 

15408 

108 

15552 

109 

15696 

110 

15840 

111 

15984 

112 

16128 

113 

16272 

114 

16416 

115 

16560 

116 

16704 

117 

16848 

118 

16992 

119 

17136 

120 

17280 

121 

17424 

122 

17568 

123 

17712 

124 

17856 

125 

18000 

126 

18144 

127 

18288 

128 

18432 

129 

18576 

130 

18720 

131 

18864 

132 

19008 

133 

19152 

134 

19296 

135 

19440 

136 

19584 

137 

19728 

138 

19872 

139 

20016 

140 

20160 

141 

20304 

142 

20448 

143 

20592 

144 

20736 

145 

20880 

146 

21024 

147 

21168 

148 

21312 

149 

21456 

150 

21600 

Head. 


Feet. 


232.984 
235.290 
237.597 
239.904 
242.211 
244.517 
246.824 
249.131 
251.438 
253.744 
256.051 
258.358 
260.665 
262.972 
265.278 
267.585 
269.892 
272.199 
274.505 
276.812 
279.119 
281.426 
283.732 
286.039 
288.346 
290.653 
292.960 
295.266 
297.573 
299.880 
302.187 
304.493 
306.800 
309.107 
311.414 
813.720 
816.027 
818.334 
320.641 
322.948 
325.254 
327.561 
329.868 
332.175 
334.481 
336.788 
339.095 
341.402 
343.708 
346.015 


3046 
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TABLE  OF  PRESSURES  CORRESPONDING  TO  GIVEN 

HEADS  OF  WATER. 

Water  at  maximum  density,  62.425  lbs.  per  cubic  foot  =  1  gram  per  cubic 
centimeter ;  corresponding  to  a  temperature  of  4°  Centigrade  =  39.2°  Fahrenheit. 

Pressure  in  lbs.  per  square  inch  =   0.433507  X  head  in  feet. 
Pressure  in  lbs.  per  square  loot  =  62.425      X  head  in  feet. 

Pressures  corresponding  to  heads  not  given  in  the  table  can  be  found  by  these 
formulae,  or  taken  from  the  table  by  simple  proportion. 

For  conversion  of  various  units  of  pressure,  see  p.  224. 


Head. 

Pressure. 

fiend. 

Inches. 

Pressure. 

Inches. 

lbs.  per  sq.  in. 

lbs.  per  sq.  ft 

lbs.  per  sq.  in. 

lbs.  per  sq.  ft. 

1 

0 

mm 

8 
4 
5 
6 

0.036126 
0.072251 
0.108377 
0.144502 
0.180628 
0.216753 

5.202083 
10.404167 
15.606250 
20.80833* 
26.010417 
31.212500 

7 

8 

9 

10 

11 

12 

0.252879 
0.289005 
0.325130 
0.361256 
0.397381 
0.433507 

36.414583 
41.616667 
46.818750 
52.020833 
57.222917 
G2.425000 

Head. 
Feet. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 


Pressure. 


lbs.  per 
sq.  in. 


0.4335 

0.8670 

1.3005 

1.7340 

2.1675 

2.6010 

3.0345 

3.4681 

3.9016 

4.3351 

4.7686 

5.2021 

5.G356 

6.0G91 

6.5026 

6.9361 

7.3696 

7.8031 

8.2366 

8.6701 

9.1036 

9.5372 

9.9707 

10.4042 

10.8377 

11.2712 

11.7047 

12.1382 

12.5717 

13.0052 

13.4387 

13.8722 

14.3057 

14.7392 

15.1727 

15.6063 

16.0398 


llw.  per 
8(1.  ft. 


62.425 

124.850 

187.275 

249.700 

312.125 

374.550 

436.975 

499.400 

561.825 

624.250 

686.675 

749.100 

811.525 

873.950 

936.375 

998.800 

1061.225 

1123.650 

1186.075 

1248.500 

1310.925 

1373.350 

14:15.775 

1498.200 

1560.625 

1623.050 

1685.475 

1747.900 

1810.325 

1872.750 

1935.175 

1997.600 

2060.025 

2122.450 

2184.875 

2247.300 

2309.725 


Head. 
Feet. 


38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54* 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 


Pressure. 


lbs.  per 
sq.  in. 

16.4733 

16.9068 

17.3403 

17.7738 

18.2073 

18.6408 

19.0743 

19.5078 

19.9413 

20.3748 

20.8083 

21.2418 

21.6753 

22.1089 

22.5424 

22.9759 

23.4094 

23.8429 

24.2764 

24.7099 

25.1434 

25.5769 

26.0104 

26.4439 

26.8774 

27.3109 

27.7444 

28.1780 

28.6115 

29.0450 

29.4785 

29.9120 

30.3455 

30.7790 

31.2125 

31.6460 

32.0795 


llw  per 
sq.  ft. 


2372.150 
2434.575 
2497.000 
2559.425 
2621.850 
2684.275 
2746.700 
2809.125 
2871.550 
2933.975 
2996.400 
3058.825 
3121.250 
3183.675 
3246.100 
3308.525 
3370.950 
3433.375 
3495.800 
3558.225 
3620.650 
3683.075 
3745.500 
3807.925 
3870.350 
3932.775 
3995.200 
4057.625 
4120  050 
4182.475 
4244.900 
4307.325 
4369.750 
4432.175 
4494.600 
4557.025 
4619.450 


Head. 

Feet 


75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 


Prensure. 


lbs.  per 
sq.  in. 


32.5130 

32.9465 

33.3800 

33.8135 

342471 

34.6806 

35.1141 

35.5476 

35.9811 

36.4146 

36.8481 

37.2816 

37.7151 

38.1486 

38.5821 

39.0156 

394491 

39.8826 

40.3162 

40.7497 

41.1832 

41.6167 

42.0502 

42.4837 

42.9172 

433507 

43.7842 

44.2177 

44.6512 

45.0847 

45.5182 

45.9517 

46.3852 

46.8188 

47.2523 

47.6858 

48.1193 


H*.  per 
sq.  11 


4681.875 

4744.300 

4806.725 

4869.150 

4931.575 

4994.000 

5056.425 

5118.850 

5181.275 

5243.700 

5306.125 

5368.550 

5430.975 

5493.400 

5.555.825 

5618.250 

5680.675 

5743.100 

5805.525 

5867.950 

5930.375 

5992.800 

6055.225 

6117.650 

6180.075 

6242.500 

6304J»25 

6367  350 

6429.775 

6492.200 

6554.625 

6617.050 

6679.475 

6741  900 

6804.325 

6866.750 

6829.175 


WEIGHTS  AND  MEASURES. 


394  c 


TABLE 

OF  PRESSURES  (Continued). 

Pressure. 

Pressure. 

Pressure. 

Head. 

Feet. 

Head. 

Feet. 

Head. 

Feet. 

lbs.  per 

lbs.  per 

lbs.  per 

lbs.  per 

lbs.  per 

lbs.  per 

sq.  in. 

sq.  ft. 

sq.  in. 

sq.  ft. 

sq.  in. 

sq.  ft. 

112 

48.5528 

6991.600 

144 

62.4250 

8989.200 

176 

76.2972 

10986.800 

113 

48.9863 

7054.025 

145 

62.8585 

9051625 

177 

76.7307 

11049.225 

114 

49.4198 

7116.450 

146 

63.2920 

9114.050 

178 

77.1642 

11111.650 

115 

49.8533 

7178.875 

147 

63.7255 

9176.475 

179 

77.5978 

11174.075 

116 

50.2868 

7241.300 

148 

64.1590 

9238.900 

180 

78.0313 

11236.500 

117 

50.7203 

7303.725 

149 

64.5925 

9301.325 

181 

78.4648 

11298.925 

118 

51.1538 

7366.150 

150 

65.0260 

9363.750 

182 

78.8983 

11361.350 

119 

51.5873 

7428.575 

151 

65.4596 

9426.175 

183 

79.3318 

11423.775 

120 

52.0208 

7491.000 

152 

65.8931 

9488.600 

184 

79.7653 

11486.200 

121 

52.4543 

7553.425 

153 

66.3266 

9551.025 

185 

80.1988 

11548.625 

122 

52.8879 

7615.850 

154 

66.7601 

9613.450 

186 

80.6323 

11611.050 

123 

53.3214 

7678.275 

155 

67.1936 

9675.875 

187 

81.0658 

11673.475 

124 

53.7549 

7740.700 

156 

67.6271 

9738.300 

188 

81.4993 

11735.900 

125 

54.1884 

7803.125 

157 

68.0606 

9800.725 

189 

81.9328 

11798.325 

126 

54.6219 

7865.550 

158 

68.4941 

9863.150 

190 

82.3663 

11860.750 

127 

55.0554 

7927.975 

159 

68.9276 

9925.575 

191 

82.7998 

11923.175 

128 

55.4889 

7990.400 

160 

69.3611 

9988.000 

192 

83.2333 

11985.600 

129 

55.9224 

8052.825 

161 

69.7946 

10050.425 

193 

83.6669 

12048.025 

130 

56.3559 

8115.250 

162 

70.2281 

10112.850 

194 

84.1004 

12110.450 

131 

56.7894 

8177.675 

163 

70.6616 

10175.275 

195 

84.5&39 

12172.875 

132 

57.2229 

8240.100 

164  . 

71.0951 

10237.700 

196 

84.9674 

12235.300 

133 

57.6504 

8302.525 

165 

71.5287 

10300.125 

197 

85.4009 

12297.725 

134 

58.0899 

8364.950 

166 

71.9622 

10362.550 

198 

85.8344 

12360.150 

135 

58.5234 

8427.375 

167 

72.3957 

10424.975 

199 

86.2679 

12422.575 

136 

58.9570 

8489.800 

168 

72.8292 

10487.400 

200 

86.7014 

12485.000 

137 

59.3905 

8552.225 

169 

73.2627 

10549.825 

201 

87.1349 

12547.425 

138 

59.8240 

8614.650 

170 

73.6962 

10612.250 

202 

87.5684 

12609.850 

139 

60.2575 

8677.075 

171 

74.1297 

10674.675 

203 

88  0019 

12672.275 

140 

60.6910 

8739.500 

172 

74.5632 

10737.100 

204 

88.4354 

12734.700 

141 

61.1245 

8801.925 

173 

749967 

10799.525 

205 

88.8689 

12797.125 

142 

61.5580 

8864.350 

174 

75.4302 

10861.950 

206 

89.3024 

12859.550 

143 

61.9915 

8926.775 

175 

75.8637 

10924.375 

207 

89.7359 

12921.975 

Table  showlnjr  the  total  pressure  against  a  vertical  plane 

one  foot  wide,  extending  from  the  surface  of  the  water  to  the  depth  named  in 
the  first  column. 

Water  at  its  maximum  density.  62.425  lbs  per  cubic  foot  =  1  gram  per  cubic 
centimeter,  corresponding  to  a  temperature  of  4°  Cent.  ---■  39.2°  Fahr. 

Total  pressure  in  pounds  —  31.2125  X  square  of  depth  in  feet. 


Depth. 

Feet. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Total 
pressure. 

Depth. 

Pounds. 

Feet 
17 

31.21 

124.85 

18 

280.9 

19 

499.4 

20 

780.3 

21 

1124 

22 

1529 

23 

1998 

24 

2528 

25 

3121 

26 

3777 

27 

4495 

28 

5275 

29 

6118 

30 

7023 

31 

7990 

32 

Total 
pressure. 

Pounds 


9020 
10113 
11268 
12485 
13765 
15107 
16511 
17978 
19o08 
21100 
22754 
24471 
26250 
28091 
29995 
31962 


Total 
pressure. 

Depth. 

Pounds. 

Feet. 
49 

33990 

36082 

50 

382,35 

51 

40451 

52 

42730 

53 

45071 

54 

47474  " 

55 

49940 

60 

52468 

65 

55059 

70 

57712 

75 

60427 

80 

03205 

85 

66046 

90 

68948 

95 

71914 

100 

Total 
pressure. 

Pounds. 


74941 

78031 

81184 

84399 

S7676 

91016 

94418 

112365 

131873 

152941 

175570 

199760 

225510 

252821 

281693 

312125 
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TABLE  OF  DISCHARGES  IN  CUBIC  FEET  PER  SECOND 
CORRESPONDING  TO  GIVEN  DISCHARGES  IN  V.  S. 
GALLONS  PER  24  HOIRS. 

U.  S.  gallon  =  231  cubic  inches. 

Diacbargc  Id  cubic  feet  per  second  —  1.J41AS  x  diacuiirge  in  mUlUmi  of  U.  S.  gal- 
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TABLE  OF  DISCHARGES  IN  CUBIC  FEET  PER  SECOND 
CORRESPONDING  TO  GIVEN  DISCHARGES  IN  IM- 
PERIAL GALLONS  PER  24  HOURS. 

Imperial  gallon  =  277.274  cubic  inches. 

Discharge  in  cubic  feet  per  second  =  1.85717  X  discharge  in  Imperial  gallons  per 

24  hours. 


Millions 

M  illions 

Millions 

Millions 

of  Imp. 

Cubic  feet 

of  Imp 

Cubic  feet 

of  Imp. 

Cubic  feet 

of  Imp. 

Cubic  feet 

gals,  per 

per  second. 

gals,  per 

per  second. 

gals,  per 

per  second. 

gals,  per 

per  second. 

24hrs. 

24hrs. 

24hrs. 

24  hrs. 

.010 

.0185717 

13 

24.1432 

43 

79.8583 

72 

133.7162 

.020 

.0371434 

14 

26.0004 

44 

81.7155 

73 

135.5734 

.030 

.0557151 

15 

27.8576 

45 

83.5727 

74 

137.4306 

.040 

.0742868 

16 

29.7147 

46 

85.4298 

75 

139.2878 

.050 

.0928585 

17 

31.5719 

47 

87.2870 

76 

141.1449 

.060 

.111430 

18 

33.4291 

48 

89.1442 

77 

143.0021 

.070 

.130002 

19 

35.2862 

49 

91.0013 

78 

144.8593 

.080 

.148574 

20 

37.1434- 

50 

92.8585 

79 

146.7164 

.090 

.167145 

21 

39.0006 

51 

94.7157 

80 

148.5736 

.100 

.185717 

22 

40.8577 

52 

96.5728 

81 

150.4308 

.200 

.371434 

23 

42.7149 

53 

98.4300 

82 

152.2879 

.300 

.557151 

24 

44.5721 

54 

100.2872 

83 

154.1451 

.400 

.742868 

25 

4H.4293 

55 

102.1444 

84 

156.0023 

.500 

.928585 

26 

48.2864 

56 

104.0015 

85 

157.8595 

.600 

1.11430 

27 

50.1436 

57 

105.8587 

86 

159.7166 

.700 

1.30002 

28 

52.0008 

58 

107.7159 

87 

161.5738 

.800 

1.48574 

29 

53.8579 

59 

109.5730 

88 

163.4310 

.900 

1.67145 

30 

55.7151 

60 

111.4302 

89 

165.2881 

1 

1.85717 

31 

57.5723 

61 

113.2874 

90 

167.1453 

2 

3.71434 

32 

59.4294 

62 

115.144'? 

91 

169.0025 

3 

5.57151 

33 

61.2866 

63 

117.0017 

92 

170.8596 

4 

7.42868 

34 

63.1438 

64 

118.8589 

93 

172.7168 

5 

9.28585 

35 

65.0010 

65 

120.7160 

94 

174.5740 

6 

11.1430 

36 

66.8581 

66 

122.5732 

95 

176.4312 

7    ' 

13.0002 

37 

68.7153 

67 

124.4304 

96 

178.2883 

8 

14.8574 

38 

70.5725 

68 

126.2876 

97 

180.1455 

9 

16.7145 

39 

72.4296 

69 

128.1447 

98 

182.0027 

10 

18.5717 

40 

74.2868 

70 

130.0019 

99 

183.8598 

11 

20.4289 

41 

76.1440 

71 

131.8591 

100 

185.7170 

12 

22.2860 

42 

78.0011 

894/ 
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TABLE  OF  DISCHARGES  IN  GALLONS  PER  *4  HOURS 
CORRESPONDING  TO  GIVEN  DISCHARGES  IN  CUBIC 
FEET  PER  SECOND. 

U.  S.  gallon  =  231  cubic  inches.    Imperial  gallon  =  277.274  cubic  inches. 
Discharge   in  U.  S.  gallons  per  24  hours  =  646317  X  discharge  in  cubic  feet 

per  second. 
Discharge  in  Imperial  gallons  per  24  hours  =  538454  X  discharge  in  cubic  feet 

per  second. 


Cub.  ft. 

Millions  of 

Millions  of 

Cub  ft.  ; 

per  sec. 

U.  S.  gallons 

Imperial  gallons 

per  sec.  ' 

per  24  hours. 

per  24  hours. 

« 

1 

0.646317 

0.538454 

53 

2 

1.292634 

1.076907 

54   ' 

S 

1.938951 

1.615361 

55   ' 

4 

2.585268 

2.153815 

56   , 

5 

3.231584 

2.692268 

57   , 

6 

3.877901 

3.230722 

58   , 

7 

4.524218 

3.769176 

59   1 

8 

5.170535 

4.307629 

60   ! 

9 

5.816852 

4.846083 

61   , 

10 

6.463169 

5.384537 

62   J 

11 

7.109486 

5.922990 

63 

12 

7.755803 

6.461444 

64 

13 

8.402119 

6.999898 

65   i 

14 

9.048436 

7.538351 

66   ' 

15 

9.694753 

8.076805 

67 

16 

10.341070 

8.615259 

68 

17 

10.987387 

9.153712 

69 

18 

11.633704 

9.692166 

70 

19 

12.280021 

10.230620 

71   I 

20 

12.926338 

10.769073 

72 

21 

13.572654 

11.307527 

73 

22 

14.218971 

11.845981 

74 

23 

14.865288 

12.381434 

75   ! 

24 

15.511605 

12.922888 

76 

25 

16.157922 

13.461342 

77 

26 

16.804239 

13.999795 

78 

27 

17.450556 

14.538249 

79 

28 

18.096873 

15.076702 

80 

29 

18.743190 

15.615156 

81 

30 

19.389506 

16.153610 

82 

31 

20.035823 

16.692063 

83 

32 

20.682140 

17.230517 

84 

33 

21.328457 

17.768971 

85 

34 

21.974774 

18.307424 

86 

35 

22.621091 

18.845878 

87 

36 

23.267408 

19.384332 

88 

37 

23.913725 

19.922785 

89 

38 

24.560041 

20.4612:59 

90 

39 

25.206358 

20.999693 

91 

40 

25.852675 

21.5381  (6 

92   ' 

41 

26.498992 

22.076600 

93 

42 

27.145309 

22.615054 

94 

43 

27.791626 

23.153507 

95 

44 

28.437943 

23.691961 

96 

45 

29.084260 

24.230415 

97 

46 

29.730576 

24.768S68 

98 

47 

30.376893 

25.307322 

99 

48 

31.023210 

25.845776 

100 

49 

31.669527 

26.384229 

101 

50 

32.315844 

26.922683 

102 

51 

32.962161 

27.461137 

103 

52 

33.608478 

27.999590 

104 

Millions  of 
U.  S.  gallous 
per  24  hours. 

34.254795 
34.901112 
35.547428 
36.193745 
36.840062 
37.486379 
38.132696 
38.779013 
39.425330 
40.071647 
40.717963 
41.364280 
42.010597 
42.656914 
43.303231 
43.949548 
44.595865 
45.242182 
45.888498 
46.534815 
47.181132 
47.827449 
48.473766 
49.120083 
49.766400 
50.412717 
51.059034 
51.705350 
52.351667 
52.997984 
53.644301 
54.290618 
54.936935 
55.583252 
66.229569 
56.875885 
57.522202 
58.168519 
58.814836 
69.461153 
60.107470 
60.753787 
61.400104 
62.046420 
62.692737 
63.339054 
63.985371 

64,&U688 
65.278005 
65.924322 
66.570639 
67.216956 


Millions  of 

'Imperial  gallon* 

per  24  bouts. 


28.538044 
29.076498 
29.614951 
30.153405 
30.691859 
31.230312 
31.768766 
32.307220 
32.845673 
33.384127 
33.922581 
34.461034 
34.999488 
35.537942 
36.076395 
36.614849 
87.153303 
37.691 7i6 
38.230210 
38.768664 
89.307117 
39.846571 
40.384025 
40.922478 
41460932 
41.999385 
42.537839 
43.076293 
43.614746 
44.153200 
44  691654 
45.230107 
45.768561 
46.307015 
46.845468 
47.383922 
47.922376 
48.460829 
48.999283 
49.537737 
50.076190 
50.614644 
51.153098 
61.691551 
62.230005 
62.76H459 
63.306912 
53.845366 
54.383820 
54.922273 
65.460?27 
65.999181 
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TABLE  OF  DISCHARGES  (Con tinned). 


Cub  ft 

Millions  of 

Millions  o 

per  sec. 

U.  S.  gallons 

Imperial  gall 

per  24  hours. 

per  24  houi 

105 

67.863272 

56.537634 

106 

(58.509589 

57.076088 

107 

69.155906 

57.614542 

108 

69.802223 

58.152995 

109 

70.448540 

58.691449 

110 

71.094857 

59.229903 

111 

71.741174 

59.768356 

112 

72.387491 

60.306810 

113 

73.033807 

60.845264 

114 

73.680124 

61.383717 

115 

74.326441 

61.922171 

116 

74.972758 

62.460(525 

117 

75.619075 

62.999078 

118 

76.265392 

63^37532 

119 

76.911709 

64.075986 

120 

77.558026 

64.614439 

121 

78.204342 

65.152893 

122 

78.850659 

65.691347 

123 

79.496976 

66.229800 

124 

80.143293 

66.768254 

125 

80.789610 

67.306708 

126 

81.435927 

67.845161 

127 

82.082244 

68.383615 

128 

82.728561 

68.922068 

129 

83.374878 

69.460522 

130 

84.021194 

69.998976 

131 

84.667511 

70.537429 

132 

85.313828 

71.075883 

133 

85.960145 

71.614337 

134 

86.606462 

72.152790 

135 

87.252779 

72.691244 

136 

87.899096 

73.229698 

137 

.  88.545413 

73.768151 

138 

89.191729 

74.306605 

139 

89.838046 

74.845059 

140 

90.484363 

75.383512 

141 

91.130680 

75.921966 

142 

91.776997 

76.460420 

143 

92.423314 

76.998873 

144 

93.069631 

77.537327 

145 

93.715948 

78.075781 

146 

94.362264 

78.614234 

147 

95.008581 

79.152688 

148 

95.654898 

79.691142 

149 

96.301215 

80.229595 

150 

96.947532 

80.768049 

151 

97.593849 

81.306503 

152 

98.240166 

81.&44956 
82383410 

153 

98.886483 

154 

99.532800 

82.921864 

155 

100.179116 

83.460317 

156 

100.825433 

83.998771 

157 

101.471750 

84.537225 

158 

102.118067 

85.075678 

159 

102.764384 

85.614132 

160 

103.410701 

86.152586 

161 

104.057018 

86.691039 

162 

104.703335 

87.229493 

163 

105.349651 

87.767947 

164 

105.995968 

88.306400 

165 

106.642285 

88.844854 

166 

107.288602 

89.383308 

Cub.  ft. 

Millions  of 

per  sec. 

U.  S.  gallons 

per  24  hours. 

167 

107.934919 

168 

108.581236 

169 

109.227553 

170 

109.873870 

171 

110.520186 

172 

111.166503 

173 

111.812820 

174 

112.459137 

175 

113.105454 

176 

113.751771 

177 

114.398088 

178 

115.044405 

179 

115.690722 

180 

116.337038 

181 

116.983355 

182 

117.629672 

183 

118.275989 

184 

118.922306 

185 

119.568623 

186 

120214940 

187 

120.861257 

188 

121.507573 

189 

122.153890 

190 

122.800207 

191 

123.446524 

192 

124.092841 

193 

124.739158 

194 

125.385475 

195 

126.031792 

196 

126.678108 

197 

127.324425 

198 

127.970742 

199 

128.617059 

200 

129.263376 

201 

129.909693 

202 

130.556010 

203 

131.202327 

204 

131.848644 

205 

132.494960 

206 

133.141277 

207 

133.787594 

208 

134.433911 

209 

135.080228 

210 

135.726545 

211 

136.372862 

212 

137.019179 

213 

137.665495 

214 

138.311812 

215 

138.958129 

216 

139.604446 

217 

140.250763 

218 

140.897080 

219 

141.543397 

220 

142.189714 

221 

142.836030 

222 

143.482347 

223 

144.128664 

224 

144.774981 

225 

145.421298 

226 

146.067615 

227 

146.713932 

228 

147.360249 

Millions  of 

Imperial  gallons 

per  24  hours. 


89.921761 

90.460215 

90.998669 

91.537122 

92.075576 

92.614030 

93.152483 

93.690937 

94.229391 

94.767844 

.  95.306298 

95.844751 

96.383205 

96.921659 

97.460112 

97.998566 

98.537020 

99.075473 

99.613927 

100.152381 

100.690834 

101.229288 

101.767742 

102.306195 

102.844649 

103.383103 

103.921556 

104.460010 

105.098464 

105.536917 

106.075371 

106.613825 

107.152278 

107.690732 

108.229186 

108.767639 

109.306093 

109.844547 

110.383000 

110.921454 

111.459908 

111.998361 

112.536815 

113.075269 

113.613722 

114.152176 

114.690630 

115.229083 

115.767537 

116.305991 

116.844444 

117.382898 

117.921352 

118.459805 

118.998259 

119.536713 

120.075166 

120.613620 

121.152074 

121.690527 

122.228981 

122.767434 
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TABLE  OF  DISCHARGES  (Continued). 

Cub.  ft 

Millions  of 

Millions  of 

Cub  ft. 

Millions  of 

Millions  of 

per  sec. 

U.  S.  gallons 

Imperial  gallons 

vuv«  in 

per  sec. 

U.  8.  gallons 

Imperial  gallons 

per  24  hoars. 

per  24  hours. 

per  24  hours. 

per  24  hours. 

229 

148.006566 

123.305888 

240 

155.116051 

129.228878 

230 

148.652882 

123.844342 

241 

155.762368 

129.767332 

231 

149.299199 

124.382795 

242 

156.408685 

130.305786 

232 

149.945516 

124.921249 

243 

157.055002 

130.844239 

233 

150.591833 

125.459703 

244 

157.701319 

131.382693 

234 

151.238150 

125.998156 

245 

158.347636 

131.921147 

235 

151.884467 

126.536610 

246 

158.993952 

132.459600 

236 

152.530784 

127.075064 

247 

159.640269 

132398054 

237 

153.177101 

127.613517 

248 

160.286586 

133.536508 

238 

153.823417 

128.151971 

249 

160.932903 

134.074961 

239 

154.469734 

128.690425 

250 

161.579220 

134.613415 

TIME. 
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Civil,  or  Common  Clock  Time. 


00  thirds,  marked  "» 
60  seconds 
CO  minutes 
34  hours 

7  days 

4  weeks 


1  second,  marked  ". 

1  minute '. 

1  hour,  =  3600  see. 

1  civil  day.  =  1440  min.  =  86400  see. 

1  week,  =  168  hours  =  10080  min. 

1  civil  month,  =  28  days  =  672  hours. 


For  Standard  Railway  Time,  see  p  396. 

13  civil  months,  (or  52  weeks,)  1  day,  5  hours,  48  min,  49*^r  see;  or  366  days, 5  boars, 48  min,49rZ*> 

sec,  =  1  civil  year.  A  solar  day  in  the  time  between  two  successive  solar  noons,  or  transits  of  the 
sud  over  the  meridian  or  a  place.  These  intervals  are  not  of  equal  lengths  all  the  year  round.  The 
average  length  of  all  the  solar  days  is  called  the  mean  solar  dayf  and  is  the  same  as  the  common 
civil  day  of  24  hoars  of  clock  time.  Civil  noon  is  at  12  o'clock ;  but  solar,  or  apparent  noon,  may  be 
about  14%  min  before ;  or  16J$  min  after  12  of  correct  clock  time.  A  sidereal  day  is  the  interval 
between  two  passages  of  the  same  star  past  the  range  of  two  fixed  objects ;  and  is  the  precise  time 
read  for  one  complete  rev  of  the  earth  on  its  axis.  The  sidereal  day  never  varies :  but  is  always  equal 
to  23  hours,  56  min,  4-09  sec;*  so  that  a  star  will  on  any  night  appear  to  set,  or  to  pass  the  range  of 
any  two  fixed  objeots,  3  min,  55.91  sec  earlier  by  the  clock,  than  it  did  on  the  night  berore,t  so  that 
the  number  of  sidereal  days  in  a  civil  year  is  1  greater  than  that  of  the  civil  days. 

An  astronomical  day  begins  at  noon,  and  its  hours  are  counted  from  0  to  24.    In  comparing  It 
with  the  civil  day,  the  last  is  supposed  to  begin  at  the  midnight  before  the  noon  at  which  the  first  began. 

Astronomers  are  now  (1884-6)  taking  measures  to  make  their  "day**  correspond 
with  the  civil  day. 


TABLE  showing  how  much  earlier  a  star  passes  a  given 
range,  on  each  succeeding  night.— (Original.) 


Fights. 

Kin. 

Sec. 

Nights. 

H. 

Min. 

Sec. 

Nights. 

H. 

Kin. 

Sec. 

1 

3 

55.91 

11 

43 

15.01 

21 

1 

22 

34.1 1 

3 

7 

51.82 

12 

47 

10.92 

22 

1 

26 

80.02 

3 

11 

47.73 

13 

51 

C.83 

23 

1 

30 

25.93 

4 

15 

43.64 

14 

55 

2.74 

24 

i 

84 

21.81 

6 

19 

39.55 

15 

58 

58.65 

25 

1 

38 

17.75 

6 

23 

35.46 

J      16 

1 

2 

54.56 

26 

1 

42 

13.66 

1 

27 

31.37 

17 

1 

6 

60.47 

27 

1 

46 

9.57 

8 

31 

27.28 

18 

1 

10 

46.38 

28 

1 

50 

5.48 

9 

35 

23.19 

19 

1 

14 

42.29    , 

29 

1 

54 

1.39 

10 

39 

19.10 

20 

1 

18 

88.20    1 

so 

81 

1 

2 

57 
1 

67.% 
53.21 

♦This  gives  a  means  of  regulating*  watch  with  much  accuracy  and 

by  a  very  simple  process.  The  writer,  after  having  regulated  his  chronometer  watch  for  a  year  by 
this  method  only,  differed  bat  a  few  seconds  from  the  actual  time  ad  deduced  from  careful  solar  obser- 
vations. Even  a  person  not  accustomed  to  ranging  objeots  very  accurately,  need  scarcely  err  a  min* 
ate  in  a  period  of  any  number  of  years.  It  having  occurred  to  him  that  the  motion  of  a  star  in  a 
neeond  or  two  might  be  visible  to  the  naked  eye.  he  stuck  a  pin  horizontally  into  a  window-jamb ;  and 
placing  his  eye  close  to  It,  sighted  along  one  side  of  it,  at  a  large  star  setting  behind  the  top  of  a  roof 
•boot  100  feet  distant,  and  foand  that  his  conjecture  was  correct.  Those  stars  which  are  farthest 
from  the  poles  appear  to  move  the  fastest,  and  are  therefore  the  best.  Those  less  than  of  the  second  mag- 
nitude are  not  satisfactory.  If  the  first  observations  of  a  given  star  be  made  as  late  as  midnight,  that 
same  star  will  answer  for  about  three  months,  until  at  last  it  will  begin  to  pass  the  range  in  daylight. 
Before  this  happens,  the  observer  must  transfer  the  time  to  another  star  which  sets  later;  if  near 
midnight,  the  better,  as  it  will  serve  for  a  longer  time.  A  window  looking  west  is  the  best.  The 
longer  the  range,  the  greater  will  be  the  apparent  motion  of  the  star ;  and,  consequently,  the  obser- 
vations will  be  more  correct.  If  such  a  range  can  be  seoured  as  will  strike  the  heavens  at  an  angle 
of  at  least  40°  above  the  horizon,  the  error  from  refraction  will  not  appreciably  affect  an  observation ; 
at  a  much  less  angle  it  may  do  so  to  the  extent  of  three  or  four  seconds.  A  candle  must  be  so  placed 
aa  to  render  the  pin  and  the  watoh  visible  at  the  same  time.  A  little  practice  will  render  the  process 
eery  easy,  and  supersede  the  neoessity  for  more  remarks  on  the  subject.  Of  oourae,  a  memorandum 
must  be  made  and  preserved  ot  the  date,  hoar,  minute,  and  (approximately)  second,  at  which  the 
first  passage  or  the  star  took  place.  Subsequent  passages  will  occur  earlier,  as  shown  in  the  forego* 
log  table.  The  watoh  mast  be  previoaslv  known  to  be  right,  when  taking  the  first  observation,  if  we 
require  afterward  to  keep  the  eorreot  time.  Any  person  who  will  take  the  trouble  thus  to  observe, 
%nd  note  down  throughout  a  year,  about  hair  a  dozen  stars  following  each  other  at  tolerably  equal 
intervals  of  time,  will  on  almost  any  clear  night  afterward  be  able,  after  a  short  calculation,  to  ascer- 
tain  the  correct  clock  time.  The  writer  observed  the  passages  of  two  or  three  stars  behind  different 
ranges,  on  the  same  nights,  In  order  to  obtain  a  mean  of  several  observations ;  his  object  being  to 
ascertain  bow  pocket  chronometers  of  the  best  makers  would  keep  time  under  the  vicissitudes  of  tem- 
perature, railroad  travelling,  *c,  Ac,  to  which  they  are  ordinarily  exposed.  He  used  two  of  the  best 
for  this  purpose,  and  the  result  was  that  their  changes  of  rate  were  at  times  as  great  as  from  three  to 
eight  seconds  per  day.  For  ordinary  purposes,  therefore,  they  are  of  but  little,  if  any,  more  service 
tt)au  a  good  oommon  watoh,  of  one-fourth  the  cost. 

t  More  accurately  3  min..  56 .90944  sec. 


396  STANDARD   RAILWAY   TIME. 

STANDARD  RAILWAY  TIME,  ADOPTED  1883. 

The  following  arrangement  of  standard  time  was  recommended  by  the  General 
and  Southern  Time  Conventions  of  the  railroads  of  the  United  States  and  Canada, 
held  respectively  in  St.  Louis,  Mo.,  and  New  York  city,  April,  1883,  and  in  Chicago, 
111.,  and  New  York  city,  iu  October,  1883,  and  went  into  effect  on  most  of  the  rail- 
roads of  the  United  States  and  Canada,  November  18th,  1883.  Most  of  the  principal 
cities  of  the  United  States  have  made  their  respective  local  times  to  correspond  with 
it.  This  system  was  proposed  by  Mr.  W.  F.  Allen,  Secretary  of  the  Time  Conven- 
tions, and  its  adoption  was  largely  due  to  his  efforts.  We  are  indebted  to  Mr.  Allen 
for  documents  from  which  the  following  has  been  condensed.  Five  standards  of  time 
or  five  "times,"  have  been  adopted*  for  the  United  States  and  Canada.  These  are, 
respectively,  the  mean  times  of  the  60th,  75th,  90th,  105th,  and  120th  meridians  west 
of  Greenwich,  England.  As  each  of  these  meridians,  in  the  above  order,  is  15°  west 
of  its  predecessor,  its  time  is  one  hour  slower.  Thus,  when  it  is  uoon  on  the  90th 
meridian,  it  is  1  p.m.  on  the  75th,  and  11  a.m.  on  the  105th.  The  following  gives 
the  name  adopted  for  the  standard  time  of  each  meridian,  and  the  conventional 
color  adopted,  and  uniformly  adhered  to,  by  Mr.  Allen,  for  the  purpose  of  designat- 
ing it  and  its  time,  &c,  on  the  maps  published  under  his  auspices: 


Longitude  west 
from  Greenwich. 

Name  of 
Standard  Time. 

Conventional 
color. 

60° 

75° 

90° 

105° 

120° 

Intercolonial. 

Eastern. 

Central. 

Mountain. 

Pacific. 

Brown. 

Red. 

Blue. 

Green. 

Yellow. 

Theoretically,  each  meridian  may  be  said  to  give  the  time  for  a  strip  of  country 
15°  wide,  running  north  and  south,  and  having  the  meridian  for  its  center.  Thus 
the  meridian  on  which  the  change  of  time  between  two  standard  meridians  is  sup- 
posed to  take  place,  lies  half-way  between  them.  But  it  would,  of  course,  not  bo 
practicable  for  the  railroads  to.  use  an  imaginary  line  in  passing  from  one  time 
standard  to  another.  The  changes  are  made  at  prominent  stations  forming  the  ter- 
mini of  two  or  more  lines;  or,  as  in  the  case  of  the  long  Pacific  roads,  at  the  ends 
of  divisions.  As  far  as  practicable,  points  at  which  changes  of  time  had  previously 
been  made,  were  selected  as  the  changing  points  under  the  new  system.  Detroit, 
Mich..  Pittsburgh,  Pa.,  Wheeling  and  Parkersburg,  W.  Va.,  and  Augusta,  Ga.,  al- 
though not  situated  upon  the  same  meridian,  are  points  of  change  lietween  eastern 
and  central  standard  times.  A  train  arriving  at  Pittsburgh  from  the  east  at  noon, 
and  leaving  for  the  west  10  minutes  after  its  arrival,  leaves  (by  the  figures  shown 
upon  its  time-table,  and  by  the  watches  of  its  train  hands)  not  at  10  minutes  after 
12,  but  at  10  minutes  after  11. 

The  necessity  for  making  the  changes  of  time  at  principal  points,  instead  of  on  a 
true  meridian  line,  necessitates  also  some  " overlapping"  of  the  times,  or  of  their 
colors  on  the  map.  Thus,  most  of  the  roads  between  Buffalo  and  Detroit,  on  the 
north  side  of  Lake  Erie,  run  by  '* eastern,"  or  "  red,"  time;  while  those  on  the  south 
Bide  of  the  Lake,  between  Buffalo  and  Toledo,  immediately  opposite  to  and  directly 
south  of  them,  run  by  "  central "  or  "  blue  "  time. 

If  the  changes  of  time  were  made  at  the  meridians  midway  between  the  standard 
ones,  it  would  not  be  necessary  for  any  town  to  change  its  time  more  than  30  min- 
utes. As  it  is,  somewhat  greater  changes  had  to  be  made  at  a  few  points.  Thu*, 
standard  time  at  Detroit  is  32  minutes  ahead,  and  at  Savannah  36  minutes  back,  of 
mean  local  time. 

In  most  cases  the  necessary  change  was  made  upon  the  railways  by  simply  setting 
clocks  and  watches  ahead  or  back  the  necessary  number  of  minutes,  and  without 
making  any  change  in  time-tables. 

Halifax,  and  a  few  adjacent  cities,  use  the  time  of  the  60th  meridian,  that  being 
the  nearest  one  to  them ;  but  the  railroads  in  the  same  district  have  adopted  the 
75th  meridian,  or  eastern,  time;  so  that,  for  railroad  purposes,  intercolonial  time 
has  never  come  into  force. 

In  1873  there  were  71  time  standards  in  use  on  the  railroads  of  the  United  States 
and  Canada.  At  the  time  of  the  adoption  of  the  present  system  this  number  had 
been  reduced,  by  consolidation  of  roads,  Ac,  to  J3.  By  its  adoption,  the  number  bo- 
came  5,  or,  practically,  4,  owing  to  the  adoption  of  eastern  time  by  the  intercolonial 

ads,  as  already  explained. 
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DIALLING. 


To  make  a  horizontal  Sun-dial, 

Draw  a  line  a  b ;  and, at  right  angles  to  it,  draw  GG.  From  any  convenient  point,  r.s  c, 
in  a  by  draw  the  perp  c  o.  Make  the  angle  c  a  o  equal  to  the  lat  of  the  place ;  also 
the  angle  cot  equal  to  the  same ;  join  o  e.  Make  e  n  equal  tooe;  and  from  n  as  a 
center,  with  the  rad  e«,  describe  a  quadrant  e  s;  and  div  it  into  6  equal  parts.  Draw  e 
y,  parallel  to  6,  6;  and 
from  n,  through  the  5  DIAL 

points  on  the  quadrant,  >  '  ■ % 

draw  lines  n  t,n  i,  Ac, 
terminating  in  ey.  From 
a  draw  lines  a  5,  a  4,  Ac, 
passing  through  t,  t,  Ac. 
From  any  convenient 
point,  as  c,  describe  an 
arc  r  m  h,  as  a  kind  of  fin- 
ish or  border  to  half  the 
dial.  All  the  lines  may 
now  be  effaced,  except 
the  hour  lines  a  6,  a  5, 
a  4,  Ac,  to  a  12,  ora/i; 
unless,  as  is  generally 
the  case,  the  dial  is  to 
be  divided  to  quarters 
of  an  hour  at  least.  In 
this  case  each  of  the 
divisions  on  the  quad- 
rant e  x,  must  be  subdivided  into  4  equal  parts;  and  lines  drawn  from  n,  through 
the  points  of  subdivision,  terminating  in  ey.  The  quarter-hour  lines  must  be  drawn 
from  a,  as  were  the  hour  lines.  Subdivisions  of  5  min  may  be  made  in  the  same 
way;  but  these,  as  well  as  single  min,  may  usually  be  laid  off  around  the  border,  by 
eye.  About  8  or  10  times  the  size  of  our  Fig  will  be  a  convenient  one  for  an  ordi- 
nary dial.  To  draw  the  other  half  of  the  Fig,  make  a  d  equal  to  the  intended  thick- 
ness of  the  gnomon,  or  style,  or  the  dial ;  and  draw d  12,  parallel,  and  equal  to  a  12 ;  and 
draw  the  arc  x  g  w,j)recisely  similar  to  the  arc  r  m  h.  Between  x  and  u>,  on  the  arc  xg  w, 
space  off  divisions  equal  to  those  on  the  arc  rm  h\  and  number  them  for  the  hours, 
as  in  the  Fig.  The  style  F,  of  metal  or  stone,  (wood  is  too  liable  to  warp,)  will  be 
triangular ;  its  thickness  must  throughout  be  equal  to  a  d  or  h  w ;  its  base  must 
cover  the  space  adhw\  its  point  will  be  at  ad;  and  its  perp  height  h  u,  over  h  w, 
must  be  such  that  lines  ud,  Ma,  drawn  from  its  top,  down  to  a  and  d,  will  make  the 
angles  ua  h,vdw.  each  equal  to  the  lat  of  the  place.  Its  thickness,  if  of  metal,  may 
conveniently  be  from  ~%to\i  inch ;  or  if  of  stone,  an  inch  or  two,  or  more,  according 
to  the  size  of  the  dial.  Usually,  for  neatness  of  appearance,  the  back  huvw  of  the 
style  is  hollowed  inward.  The  upper  edges,  ua,  vd,  which  cast  the  shadows,  must 
be  sharp  and  straight.  The  dial  must  be  fixed  in  place  hor,  or  perfectly  level ;  a  h 
and  dw  must  be  placed  truly  north  and  south ;  ad  being  south, and  hw  north.  The 
dial  gives  only  sun  or  solar  time ;  but  clock  time  can  be  found  by  means  of  the  "  fast 
or  slow  of  the  sun,"  as  given  by  all  almanacs.  If  by  the  almanac  the  sun  is  5  min, 
Ac,  fast,  the  dial  will  be  the  same ;  and  the  clock  or  watch,  to  be  correct,  must  be  5 
min  slower  than  it ;  and  vice  versa. 

To  make  a  Vertical  Snn-Dial. 

Proceed  as  directed  above, except  that  the  angles  cao  and  coe  on  the  drawing, 
and  the  angle  uah  or  vdw  of  the  style,  must  be  equal  to  the  co-latitude  (—  dif- 
ference between  the  latitude  and  90°)  of  the  place,  and  the  hours  must  be  num- 
bered the  opposite  way  from  those  In  the  above  figure ;  i  e,  from  h  to  y  number 
12,  11, 10,  9,  8,  7 ;  and  from  w  to  g  number  12, 1, 2,  3,  4,  5.  The  dial  plate  must  be 
placed  vertically,  in  the  position  shown  in  the  figure,  facing  exactly  south,  and 
with  ah  and  dw  vertical. 
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TABLE  OF  WEIGHT  OF  CAST  IRON.* 
Tbe  weight  of  »  puller™  of  perfectly  dry  white  pine.  If  molt 
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W  BIGHT  OF  CAST-IRON   PIPES.  399 

WEIGHT  OF  VAST-IRON  H*IFES  per  m  lining  fool. 

for  ICHil-plpi-  mult  i.y  iji;  loiiper, mull bi  1.2;  Brow,«<M  1-Ttb', 


* 

1 

1 

r 

1 

i 

IM 

Hi 

iff 

lit 

m 

■ 

1 

1 

1 

1 

:| 

mlny  bnlldlacs  i>y  ntCMH  it 


400  WEIGHT   OF    WROUGHT   IRON    AND  STLEL. 


Table  or  Weigh  l  of  WUOCUHT  IRON*  anil  STEM,. 

D..U  in lilit  irun  wciKJia  frum  JSi  tu  1U-  ftp  ]kt  utihi'c  ru.,t.     Light  weielil  Ludicitm 

iniliiiriuw,  ud  raknH     KtKeL  weighs  aboul  *90  Bph  per  cubic  loot:  therefore.  Itor 
■teel,  nn  mldiHon  muit  be  made  to  the  tubular  mioudIk,  of 
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Welicht  of  1  ft  In  length  of  FLAT  ROLLED  1  RON,  nt  480  IIm  p«r 
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IRON   AND    STEEL. 


Weight  of  1  ft  in  length  of  FLAT  ROLLED  IRON,  at  480  lb* 

per  cable  foot — (Continued.) 


THICKNESS 

IN  INCHES 

*a 

1-16 

H 

3-16 

H 

5-16 

% 

716 

K 

H 

H 

% 

1 

10% 

2.18-2 

4.323 

6.486 

O.trrU 

10.81 

12.97 

15.13 

17.29 

21.62 

25.94 

30.26 

34.58 

X 

2.188 

4.375 

6.564 

8.750 

10.94 

13.13 

15.31 

17.50 

21.88 

26.26 

90.62 

35.00 

H 

2.214 

4.427 

6.642 

8.854 

11.07 

13.28 

15.50 

17.71 

22.14 

26.56 

31.00 

35.42 

H 

2.239 

4.479 

6.717 

8.958 

11.20 

13.43 

16.67 

17.92 

22.40 

26.86 

31.34 

35.83 

% 

2.266 

4.531 

6.798 

9.062 

11.33 

13.59 

15.86 

18.12 

22.66 

27.18 

31.72 

36.25 

11. 

2.291 

4.583 

6.873 

9.166 

11.46 

13.75 

16.04 

18.33 

22.90 

27.50 

32.08 

36.66 

H 

2.318 

4.636 

6.954 

9.271 

11.59 

13.91 

16.22 

18.54 

23.18 

27.82 

32.44 

37.08 

% 

2.344 

4.688 

7.032 

9.375 

11.72 

14.06 

16.40 

18.75 

23.44 

28.12 

32.80 

37.50 

% 

2.370 

4.740 

7.110 

9.479 

11.85 

14.22 

16.59 

18.96 

23.70 

28.44 

33.18 

37.92 

H 

2.395 

4.791 

7.185 

9.582 

11.97 

14.37 

16.76  , 

19.16 

23.94 

28.74 

33.52 

38.33 

% 

2.422 

4.844 

7.266 

9.688 

12.11 

14.53 

16.95  " 

19.87 

24.22 

29.06 

33.90 

38.75 

H 

2.448 

4.896 

7.344 

9.792 

12.24 

14.68 

17.13 

19.58 

24.48 

29.36 

34.26 

39.16 

% 

2.474 

4.948 

7.422 

9.896 

12.37 

14.84 

17.32 

19.79 

24.74 

29.68 

34.64 

39.58 

12. 

2.500 

5.000 

7.500 

10.00 

12.50 

15.00 

17.50 

20.00 

25.00 

80.00 

35.00 

40.00 

ROLLED  IRON  AND  STEEL.*  AVERAGE  PRICES,  Phi  la,  1888. 
Iron  bars.  Base  price,  or  price  for  "ordinary  sizes";  i  e,  from  %  inch  to  2  ins 
diameter,  round  and  square;  and  from  1  X  %  inch  to  6  X  1  inch,  flat:  Ordinary 
merchant  quality,  called  "  refined  ",  2  cts  per  ro ;  "  Extra  refined  "'and  rivet  iron,  3 
cts  per  ft>.  Sizes  larger  or  smaller  than  "  ordinary  "  bring  higher  prices  per  lb.  The 
"  extra",  or  charge  in  addition  to  the  above  base  price,  increases  gradually  up  to  .7 
ct  per  lb  for  %  inch  round  and  square;  2.5  cts  for  7  inches  round  and  square ;  1.2  cts 
for  14  X  A  incn  flat'>  and  ll  cts  for  12  X  2  ins  flat.  Swedish  and  Norway 
iron :  ^  X  'X  *ncn  anc*  %  'ncn  square,  and  larger;  in  the  original  bar  as  imported 
(called  "Swedish"),  4  cts  per  !b;  re-rolled  after  importation  (called  "Norway"),  4\£ 
cts  per  ft>.  Hoop  iron :  from  1%  inch  X  No  17,  2U  cts  per  ft> ;  to  Uinch  X  No 
22,  5  cts  per  ft>.  Sheet  iron ;  see  page  403.  Plate  iron.  Rectangular 
plates,  $r  inch  thick  and  heavier;  and  say  from  2  to  5  feet  wide,  and  from  4  to  12  feet 
long.  "  Common  or  "  puddled  ",  for  bridge  plates,  sheathing  of  ships  etc,  where  little 
or  no  bending  is  required,  2  cts  per  Ih;  "Shell "  ;  fo»  shells  of  boilers  etc,  to  stand 
bending  cold  with  the  grain  to  cylinders  with  radii  of  say  one  or  two  feet,  but  not 
flanging,  2^  cts  per  lb ;  "  Best  flange  ",  3%  cts  per  ft>.  Fire-box  plates  of  shell  or 
flange  iron,  1  ct  per  lb  extra.  Extra  charges  for  plates  of  unusually  great  or  small 
widths  or  lengths.  Angle  and  T  iron;  see  pages  525  etc.  I  beams, 
channel  beams,  declc  beams;  see  pages  521  etc.  Pig*  iron.  American 
foundry,  $20  per  ton  of  2240  lbs ;  Forge,  for  conversion  into  wrought  iron  by  pud- 
dling etc,  $17  per  ton  of  2240  lbs;  Charcoal  foundry  and  forge,  $22  per  ton  of  2240  ros. 
Cast  Steel  for  tools.  Best  American.  Ordinary  sizes,  8V£  cts  per  lb;  ma- 
chinery steel ;  for  shafting  etc,  ordinary  sizes.  3  cts  per  lb.  The  range  of  li  or- 
dinary "  sizes  is  nearly  the  same  as  given  above  for  iron.  For  larger  and  smaller 
sizes,  extras  running  up  to  from  50  to  100  per  cent.  Steel  plates  for  boilers  and 
fire-boxes,  4  cts  per  lb.  Tire  and  spring  steel.  Bessemer,  3  cts  per  lb. 
Sheet  steel.  American.!  Not  lighter  than  No  17.  Cast,  7  cts  per  lb;  Bessemer, 
4}^  cts  per  lb.    For  each  number  lighter  than  No  17,  "%  ct  per  lb  extra. 

Rolled  Star  Iron.  Standard  sizes.  Carnegie  Bros.  &  Co.,  Limited!  Pittsburgh. 
The  thicknesses  are  those  at  the  end  and  at  the  root  of  one  of  the  four  arms,  iu 
inches.  Kolled  in  lengths  of  20  to  25  feet.  Area  in  square  inches.  Weight  in  lbs. 
per  foot  run. 


Ins. 

Tblck. 

%-9-l6 

5-16  —  15-32 

Area. 

Weight. 

Ins. 

2.5~X2Ji 
2    X2 
1.5<1.5 

Thiok. 

Area. 

Weight. 

4X4 
3.5  X  3.5 
3X3 

3.54 
2.87 
2.19 

11.8 
9.6 
7.3 

5-16  —  13  32 

^  —  13-32 

3-lG—  5-10 

1.67 
1.21 
0.69 

6.6 
4.0 
2.3 

*  Morris.  Wheeler  &  Co.,  16th  and  Market  Streets,  Philadelphia, 
f  William  &  Harvey  Rowland,  Frankford,  Philadelphia. 
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Sheet  iron.*  Prices,  Phila.  1888;  in  sheets  24  to  32  inches  wide,  6  to  8  feet 
long;  No  14  to  No  28  by  second  table  on  p  411 ;  common  (puddled)  iron,  annealed,  2)4 
to  3^  ets  per  pound,  being  least  for  the  lower  (thicker)  numbers;  best  charcoal 
bloom  iron,  3%  to  5  cts  per  lb. 

Galvanized  sheet  iron.*  Common  (puddled)  iron,  4%  to  6  cts  per 
pound ;  best  charcoal  bloom  iron,  5  to  6%  cts  per  pound.  The  lower  (thick)  noe  are 
the  cheapest. 

Weights  per  square  foot  of  galvanised  sheet  iron.  Standard  list 
adopted  by  the  American  Galvanized  Iron  Ass'n,  at  Pittsburgh,  April,  1884. 


No. 

Ounces 

Sqft 

No. 

Ounces 

Sqft 

No. 

Ounces 

Sqft 

avoir 

per 

avoir 

per 

avoir     a 

per 

per  aq  ft 

vmVH. 

per  aq  ft. 

t;M0  tte. 

per  aq  ft. 

22401M. 

29 

12 

2987 

24 

17 

2108 

19 

33 

1086 

28 

13 

2767 

23 

19 

1886 

18 

38 

943 

27 

14 

2560 

22 

21 

1706 

17 

43 

833 

26 

15 

2389 

21 

24 

1493 

16 

48 

746 

25 

16 

2240 

20 

28 

1280 

14 

60 

597 

The  galvanizing  is  simply  a  thin  film  of  sine  on  both  sides  of  the 

sheet,  as  in  what  is  known  as  "  tinned  plates,"  or  "  tin  ; "  which  are  in  reality  sheet  iron  similarly 
eoated  with  tin.  ■  Zino,  like  tin,  resists  corrosion  from  ordinary  atmospheric  influences,  much  better 
than  iron  ;  and  hence  the  use  of  these  metals  as  a  protection  to  the  iron.  A  well  galvanized  roof, 
of  a  good  pitch,  will  suffer  but  little  from  5  to  6  years'  exposure  without  being  painted.  It  will  then 
take  paint  readily,  and  should  be  painted.    It  is  better,  however,  always  to  paint  tin  ones  at  onoe. 

Paint  does  not  adhere  well  to  new  zinc,  and  this  is  the  principal 

reason  why  new  galvanized  roofs  are  not  painted ;  but  this  may  be  remedied  by  first  brushing  the 
sino  over  with  the  following:  One  part  of  chloride  of  copper,  1  part  nitrate  of  copper,  1  part  of  sal- 
ammoniac.  Dissolve  in  64  parts  of  water.  Then  add  1  part  of  commercial  hydrochloric  acid.  When 
brushed  with  this  solution,  the  zinc  turns  black  ;  dries  within  12  to  24  hours,  and  may  then  be  painted. 
Paint  of  some  mineral  oxide  of  a  brown  color  is  generally  used ;  one  coat  being  applied  to  both 
sides  in  ths  shop ;  and  the  other  after  being  put  on  the  roof.  Repainting  every  3  or  4  years  will  suffice 
afterward.  Ungalvanised  iron  (called  black  iron,  for  distinction)  is  also  very  enduring  for  roofs,  if 
well  painted  every  1  or  2  years.  The  ohief  advantage  of  galvanized  roofing  is  that  it  does  not  require 
painting  so  often  as  the  black.  The  galvanizing  adds  about  %  of  a  lb  per  square  foot  of  surface,  or 
about  H  fl>  per  sq  ft  of  sheet  as  coated  on  both  sides;  without  regard  to  the  thickness  of  the  sheet. 
Paint  for  roofs  should  not  have  much  dryer.    See  Painting,  p  429. 

The  sulphurous  fumes  from   coal  are  very  corrosive  of 

zrhir  galvahized  or  black  iron  ;  as  may  be  Reen  iu  shops,  railroad  bridges,  or  engine  bouses, 
roofed  with  either ;  if  efficient  means  are  not  provided  for  carrying  oft  the  smoke :  and  the  same  with 
other  metals.  The  acid  op  oak  timber  is  said  to  destroy  the  zinc  of  galvanized  iron.  See  pp  418, 
419.  Flat  iron  is  usually  nailed  upon  a  sheeting  of  boards;  but  the  strength  of  corrugated  iron 
obviates  the  necessity  for  this,  and  enables  it  to  stretch  5  or  6  ft  from  purlin  to  purlin,  without  inter* 
mediate  support,  The  corrugated  sheets  are  riveted  together  on  the  roof,  by  rivets  of  galvanized 
wire  about  one-eigbth  inch  thick,  300  to  a  pound,  well  driven  (so  as  to  exclude  rain)  3  or  4  inches 
apart,  all  around  the  edges.  The  rivet-holes  are  first  punched  by  machinery,  so  as  to  insure  coinci- 
dence in  the  several  sheets;  and  the  rivets  are  driven  by  two  men,  one  above,  and  one  beneath  the 
roof.  For  black  iron,  ungalvanized  nails,  boiled  In  linseed  oil  as  a  partial  preservative  from  rust,  are 
commonly  used;  as  also  in  shingling  or  slating.  Galvanized  ones,  however,  would  be  better  in  all 
these  cases;  or  even  copper  ones  for  slating  because  good  slate  endures  much  longer  than  either 
shingles  or  iron,  and  therefore  It  becomes  true  eoonomy  to  use  durable  metals  for  fastening  it.  In 
none  of  these  cases,  however,  are  the  nails  fully  exposed  to  the  weather. 

The  sheets  of  flat  iron  are  put  together  by  overlapping  and 

soloimo  the  xmmu,  much  the  same  as  shown  by  the  fig  page  418,  head  Tin ;  the  joints  which  run 
np  and  down  the  roof  being  the  same  as  at «  a,  and  the  horizontal  ones  as  at  1 1; 
except  that  inasmuch  as  these  are  not  soldered  in  the  iron  sheets,  the  Joint  is  made 
about  Jf  to  1  inch  wide,  Instead  of  %  inch,  the  better  to  provide  against  leaking. 
Cleats  are  used  as  in  tin,  with  2  nails  to  a  cleat.  The  iron  plates  are  best  laid  on 
sheeting  beards ;  but  in  sheds,  Ac,  are  sometimes  laid  directly  on  rafters,  not  more 
than  about  18  ins  apart  in  the  clear ;  the  plates  being  allowed  to  sag  a  little  between 

the  rafters,  so  as  to  form  shallow  gutters.    In  such  cases  it  is  well  to  bevel  off  the  tops  of  the  rafters 

slightly,  as  in  this  fig. 

A  serious  objection  to  iron  as  a  roof  covering,  is  its  rapid  con- 
densation of  atmospheric  moisture;  which  falls  from  the  Iron  in  drops  like  rain,  and  may  do  Injury 
to  ceilings,  floors,  or  articles  in  the  apartments  immediately  beneath  the  roof.  Painting  does  not 
appreciably  diminish  this:  it  may.  however,  be  obviated  by  plastering,  as  shown  at  11,  of  Figs  21%, 
of  Trusses,  p  683.         Corrugated  iron  makes  an  excellent  permanent  street  or  other  awning. 

Corrugated  sheet  iron.  The  site  of  sheets  generally  used  for  corrugating, 
Is  SO  inches  wide  by  96  inches  long.  Corrugation  reduces  the  width  to  27%  inches.  When  the  cor- 
rugated sheets  are  laid  upon  the  roof,  the  overlapping  of  about  2%  inches  along  the  sides,  and  of  4 
inches  along  their  ends,  diminishes  the  area  of  roof  covered  by  a  sheet,  to  aboat  seven -eighths  of  that 
of  the  entire  corrugated  sheet  itself;  or,  the  weight  per  square  foot  of  -roof  covered,  will  be  about 
ooe-sevenrb  greater  than  that  per  square  foot  of  the  corrugated  sheet;  or.  the  weight  of  corrugated 
Iron  per  square  foot  of  roof  covered  is  about  one-fifth  greater  than  that  of  the  flat  sheets  from  which 
it  la  made. 

About  6  inobes  are  usually  allowed  for  the  extension  over  the  eaves. 

The  weights  per  square  foot  corresponding  to  the  different  numbers  of  the  Birmingham  wire  gauge, 
vary  somewhat  with  the  different  makers.  The  two  stylos  of  corrugation  given  in  the  table  below, 
5  x  IJi  and  2%  x  X,  are  those  most  frequently  used.' 


•  Marshall,  Bros  *  Co,  Front  St  and  Oirard  Ave,  Phila. 
Washington  Ave,  Phila, 

31 


McDaniel  &  Harvey  Co,  16th  St  and 
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CORRUGATED  SHEET  IRON. 


No. 

Thick- 

Bmghm 

ness 

wire  ga. 

in  ins. 

Black 

Black 

20 

.035 

22 

.028 

24 

.022 

26 

.018 

Wt  in  D>s  per 

8q  ft  of  sheets. 


Black 

1.84 
1.50 
1.20 
1.00 


Lead  coatedt 
or  galv'd 

2. 
1.6 
1.25 
1.12 


Wt  in  lbs  per 
sq  ft  of  roof. 


Black 

2.12 
1.73 
1.38 
1.15 


Lead  coatedt 
or  galv'd 

2.3 
1.84 
1.44 
1.29 


Approx  prices  In  oU 
per  0>,  Phila,  1888. 


Lead  coatedt 
or  galv'd 


i 


Strength  of  Corrugated  Iron.    Experiment*  by  the  author . 


mmmimmmm 


First.    A  sheet  d  <f,  of  No.  16  iron, 

(about  y1^  inch  thick,)  27  ins  wide,  by  4  ft  long, 
with  five  complete  corrugations  of  5  ins  by  1  inch, 
was  laid  on  supports  3  ft  9  ins  apart.  A  block  of 
wood  c,  9  ins  wide,  by  7  ins  thick,  and  30  ins  long, 
was  placed  across  the  center,  and  gradually  loaded 
with  castings  weighing  1600  lbs. 

This  caused  a  deflection  at  the  center  of  precisely  H  an 
inch.  On  the  removal  of  the  load  after  an  hour,  no  perma- 
nent set  was  appreciable.  The  severity  of  the  test  was  pur- 
posely increased  by  applying  the  several  castings  very 
roughly,  jolting  the  whole  as  much  as  possible.*  The  sus- 
pended area  of  the  sheet  was  8.44  sq  ft ;  and  since  the  actual  center  load  of  1600  lbs  is  about  equlva- 

8000 
lent  to  3000  lbs  equally  distributed,  it  amounts  to      ..—355  lbs  per  sq  ft  distributed.    But  3000  Its 

8.44 

distributed  would  produce  a  deflection  of  but  about  full  %  of  an  inch.  Again,  355  lbs  perTsq  ft 
is  about  4  times  the  weight  of  the  greatest  crowd  that  could  well  oougregate  upon  a  floor.  Conse- 
quently this  iron,  at  3'  9' span,  is  safe  in  praotice  for  any  ordinary  crowd.  Moreover,  such  a  crowd 
would  produce  a  ceutcr  deflection  of  only  the  Jtf  th  part  of  \i  of  an  inch ;  or  yV  of  an  inch ;  or  w4ir 
of  the  clear  span ;  which  is  bnt  two-thirds  of  Tredgold's  limit  of  i4tt  of  the  span. 

In  one  experiment  the  ends  of  the  sheets  rested  upon  supports  dressed  so  as  to  present  undulations 
corresponding  tolerably  closely  with  the  shape  of  the  corrugations;  bnt  in  the  other  the  supports 
were  flat,  and  each  end  of  the  sheet  rested  only  upon  the  lower  points  of  the  corrugations.  Wo  ap- 
preciable difference  was  observed  in  the  results. 

Second.  An  arch  of  No.  18  Cl- 
inch) iron,  corrugated  like  the  foregoing, 
but  the  depth  of  corrugation  increased  to 
\%  ins  by  the  process  of  arching  the  sheet ; 
clear  span  6  ft  1  inch ;  rise  10  ins ;  breadth  27 
ins,  (of  which,  however,  only  25  ins  bore 
against  the  abutments.) 

Each  foot  o  of  the  arch  abutted  upon  a  casting  j, 
the  inner  portion  t  of  which  was  undulated  on  topp  to 
correspond  with  the  corrugations  of  the  arch,  which 
rested  upon  it.  At  y,  (one-fourth  of  the  span,)  two 
wooden  blocks  were  placed,  occupying  a  width  of  9 
inches,  and  extending  across  the  arch  ;  on  them  was 
piled  a  load.  I,  of  castings,  to  the  extent  of  4480  lbs, 
or  2  tons.  Under  this  load  the  arch  descended  about 
half  an  inch  at  y,  beooming  flatter  on  that  side  and 

Nlightly  more  curved  upward  along  the  unloaded  side  n.  Two  similar  blocks  were  then  placed  nt  n. 
and  two  tons  of  load,  s,  were  piled  upon  them,  in  addition  to  the  2  tons  at  I;  making  a  total  of  8960 
lbs,  or  4  tons.  This  brought  the  arch  more  nearly  back  to  its  original  shape;  bnt  still  slightly 
straightened  at  both  n  and  y.  and  a  little  more  curved  in  the  center.  The  load  was  then  Increased  bo 
10000  lbs,  and  left  standing  for  several  days.  Two  iron  ties,  each  H  by  1*4,  which  were  used  for  pre- 
venting the  abutment  castings  j  from  spreading,  were  found  to  have  stretched  nearly  \i  of  an  inch. 
Additional  ones  were  inserted,  and  the  load  increased  to  a  total  of  6  tons,  or  13440  lbs :  part*  of  it  on 
•  and  I,  and  part  in  the  shape  of  long  broad  bars  of  iron  at  the  center  of  the  arch,  below  the  loads  • 
and  I,  and  between  n  andy.  So  far  as  could  be  judged  by  eye,  the  shape  of  the  arch  was  now  almont 
perfect.  The  loads  s  and  1  did  not  touch  each  other.  After  standing  more  than  a  week,  the  load 
was  accidentally  overturned,  crippling  the  arch.     The  load  was  equal  to  about  1000  B*  per  *q  ft  of 

the  arch.  Such  arches  have  since  come  into  common  use  instead  of  brick,  for 
fireproof  floors, 

Curved  roofs  of  25  to  30  ft  span,  rising  about  \i  span,  may  be  made 
of  ordinary  corrugated  iron  of  Nos  16  to  13,  riveted  as  usual ;  and  having  no  acces- 
sories except  tie-rods  a  few  feet  apart ;  continuous  angle-iron  skewbacks ;  and  thin 
vertical  rods  to  prevent  the  ties  from  sagging. 


V^  6.1  **^ 


»  Without  letting  the  deflection  exceed  H  inch ;  which  was  prevented  by  a  stop  under  the  sheet. 
*  Marshall,  Bros  6  Co,  Front  St  and  Guard  Ave,  Phila. 


IRON   PIPES,   TUBES   AND   FITTINGS. 
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Dimensions,  weights  and  list-prices  of  sUmdard  sizes  of  welded  w  rough  t«lr  on 
pipe,*  for  steam,  gas,  and  water  (for  boiler-tubes,  see  lower  table),  usually 
In  lengths  of  about  18  it.  Other  sizes  and  lengths  made  to  order,  at  extra  prices. 
Pipes  from  ^inch  to  \%  ins.  inner  diam.  (''nominal")  are  usually  "butt-welded;" 
larger  sizes  "Tap-welded.'1  Discounts,  1890 :  on  butt- welded,  black,  46  to  56  per 
cent. ;  galvauized,  35  to  46  ;  on  lap-welded,  black  55  to  66 ;  galvanized^  45  to  55. 


Inner  Diam. 

# 

"f 

Price  per  ft.  run. 

Inner  Diam. 

*< 

*•* 

Price  per  ft.  run. 
Adopted  Sep.  18, 

*- 

•a 

1 

S,£ 

Adopted  Sep.  18, 

♦- 

• 

• 

1 

a 

a 

© 

*3 

3 

w 

a 

ft 

1880. 

g  1  Nomina 

"2 

9 

« 
a 

SO  o 

1889. 

S 
w 

-< 

Ina. 

PC 
Lbs. 

Plain. 

Galv'd. 

o 

■< 

.a  © 

Plain. 

Galv'd. 

Ins. 

Ina. 

$ 

* 

Ins. 

Ina. 

Lbs. 

$ 

* 

H 

.270 

.068 

.24 

27 

.04 

.05 

4 

4.026 

.237 

10.66 

8 

.88 

1.03 

H 

.364 

.088 

.42 

18 

.04 

.05 

*H 

4.508 

.246 

12.49 

8 

1.06 

1.31 

% 

.494 

.001 

.56 

18 

.04K 

05K 

5 

5.045 

.259 

14.50 

8 

1.28 

1.60 

H 

.623 

.109 

.84 

14 

•05K 

.07  K 

6 

6.065 

.280 

18.76 

8 

1.65 

2.00 

H 

.824 

.113 

1.12 

14 

•07K 

•0»K 

7 

7.023 

.301 

23.27 

8 

2.10 

l 

1.04ft 

.134 

1.67 

UK     -10>* 

13K 

6 

7.982 

.822 

28.19 

8 

2.75 

itf 

1.380 

.140 

2.24 

UK      -14 

■18K 

0 

9.001 

.344 

33.70 

0 

8.75 

i* 

1.611 

.145 

2.68    U3*      .23 

.26 

10 

10.019 

.366 

40.00 

8 

4.75 

2 

2.067 

.154 

3.61    11 H      .30 

.34 

11 

11. 

.375 

45.00 

8 

6.00 

>H 

2.468 

.204 

5.74 

8 

.47 

.53 

12 

12. 

.875 

49.00 

8 

7.00 

8 

3.067 

.217 

7.54 

8 

.62 

.68 

13 

13.25 

.375 

54.00 

8 

8.00 

8K 

3.548 

.226 

9.00 

8 

.74 

.88 

14 

14.25 

.375 

58.00 

8 

9.50 

i 

15 

15.25 

.375 

62.00 

8 

11.00 

Fittings  for  Wrougrhfeiron  Pipes.  1,  Elbow.  2,  Service  Elbow. 
3,  Elbow  with  side  outlet.  4,  Reducing  T.  5,  T.  6,  Reduciug  Cross.  7,  Reducing 
Coupling  or  Socket.  8,  Return  Bend  with  side  outlet.  9.  Return  Rend  wfch  back 
outlet.    10,  Cross.    11,  Flange  Union.    12,  Oval  Flange.    13,  Plug. 


ff^iff^i 


Dimensions,  weights,  and  Kirf-prices  (adopted  Sept,  18,  1889)  of  standard  sizes  of  lap- 
welded  charcoal-iron  boiler  tubes,*  in  lengths  up  to  20  ft.  Other  sizes  and 
lengths  made  to  order,  at  extra  prices.    Discount,  1890,  about  55  to  65  per  ceut. 


Outer 

Thick- 

Wt. 

Price 

Outer 

Thick- 

Wt. 

Price 

Outer 

Thick-, 

Wt. 

Price 

Dia.t 

neu. 

per  ft. 

per  ft. 

Dia.t 

ness. 

per  ft. 

per  ft. 

Dia.t 

ness. 

per  ft. 

per  ft. 

B'gm 

B'gm 

B'gm 

'   ' 

Ina. 

Ina 

w.  ga. 

Lbs. 

s 

Ins. 

Ins. 

w.  ga. 

Lbs. 

s 

Ins. 

Ins 

w.  ga. 

Lha. 

$ 

1 

.072 

15 

.70 

.23 

3 

.109 

12 

3.33 

.34 

8 

.165 

8; 

13.65 

1.85 

Jtf 

.07* 

15 

.90 

.23 

*K 

.120 

11 

3.96 

.38 

9 

.180    7 

16.76 

2.25 

IK 

.083 

14 

1.24 

.23 

*H 

.120 

11 

4.28 

.43 

10 

.203!  6 

21.00 

2.75 

1H 

.095 

13 

166 

.22 

*K 

.120 

11 

4.60 

.45 

It 

.220    5        f 

25.00 

3.25 

2 

.095 

13 

191 

.22 

4 

.134 

10 

5.47 

.52 

12 

.2291  4K 

28.50 

3.55 

2* 

.095 

13 

2.16 

.25 

4K 

.134 

10 

6.  If 

.60 

13 

.238 

4- 

K-A06 

•4.20 

2* 

.109 

12 

2.75 

.28 

5 

.148 

9 

7.58 

.72 

14 

.248 

3K 

36.00 

4.75 

*H 

.109 

12 

3.04 

.31 

6 

.165 

8 

10.16 

1.00 

15 

.259 

3 

40.60 

5.75 

i 

.165        8 

11.90 

1.45 

16 

.270    2K 

45.20 

6.75 

*  Allison  Manufacturing  Co..  Philadelphia;  Morris,  Tasker  A 

Co..  Urn.,  Philadelphia ;  National  Tube  Works  Co.,  McKeesport,  Pa. 
The  last-named  make  lap- welded  tubes  tip  to  24  ins.  diameter. 

+  In  ordering  pipes,  give  the  "  nominal "  inner  diameter.  It  is  merely  an  arbitrary 
name  for  the  pipe,  and  in  some  cases,  tends  to  mislead.  Thus,  the  pipe  whose  "nomi- 
nal" inner  diameter  is  one-eighth  inch,  has  an  actual  inner  diameter  of  full  quarter 
inch. 

X  lu  ordering  boiler  tubes,  give  the  outer  diameter. 


BOLT8,   NtJTS,   WASHERS. 


end  adopted  by  the  Franklin  Institute,  ofVliliaa-elJIhia,  »j  s 
■undud,tn  lSW.and  by  the  U.  S.  Sttry  DePt»  in  186*.  They 
bate  been  adoptnl  !>v  the  pi-Inn  pa]  u.ii,-iiliil»«  of  the  eouotry, 
and  are  known  as"]Fr»iikHii  Inatltute  KMmdartl," 
or"HeIlen,"dlneniil«)iaa.  Tlicaugleo,  Fig  1,  1*1  ween 
the  two  aides  of  a  thread,  ta  dU°.  ic  la  Hi  8  widll],  (illenHiired 
lengthwise  of  the  boll)  of  tlie  flat  top  and  bottom  of  each 
thread.     S  la  the  number  of  threads  per  iuch  of  length  of 


■Hiut'Hslunit  of  Honda  and  NUM. 

|        Boiurb.      I     rim 

itD+^iD,!,:     1HD  + 


Plate-Iron  main.     Standard  size*.     Diameters  of  washers  and  bolt  holt* 
In  India.    ApproilmaM  Ibleknew  by  Bfnuinghiuii  win  Range,  p.  ilu.    Approxl. 


•Except  that  the  Navy  Department  u-«a /or  tot*  n*a£  ndjtaaeM  kadi  ud  ™i 
Deportment  t»  fcuuwu  u  ''TJsilleti  Htnloa  Btandaird." 


BOLTS,  NUTS,    WASHERS.  407 

WHhlEabave  <UnKD»1°ni  i  boll  will   gewrallj   1UI   bj  bmhloi 

off  between  the  hnd  nod  (be  pul,  when  tba  diameter  ]■   decreaud 

bj  1Mb    tbt  lbr»d,   nNber    tbeo    by  "Irlpplni    «#    Itt    tbreaija. 

,    The  diani  D  of  the  thread  rnmt  of  chiitm  tw  greater 


Table  *f    rancbinc    and    ear   boIM.  with 

bMM 
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i 
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A 
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;: 

liijllier.    Utismunt,  1S«B,  - 


Boln  an  »l«i  md>  (.1  extra  prion-) 

ik  henda.    The pftaaparlOO nria 

utile  lengths  {ncreaee  bj  J*  Ina;  from 
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BOLTS,   NUTS,  WASHERS. 


I«ocK-nnt  washers.  When  bolts  are  subjected  to  much  rough 
jolting,  as  at  rail-joints.  Ac,  the  nuts  are  liable  to  wear  loose,  and  unscrew 
themselves.  On  railroads  this  is  a  source  of  great  aunorauoe,  and  innumerable 
devices  for  preventing  it  have  been  tried.  The  Verona  lock-not 
washer*is  a  simple  circular*  asher  made  of  steel ;  with,  a  slit  $  a  cut  through  it,  leaving 
sharp  edges.  On  one  side,  a,  of  the  slit,  the  metal  is  pressed  upward  about  %  inch; 
and  that  on  the  other  side,  c,  downward,  the  same  distance;  so  that  a  perspective 
view  would  be  somewhat  as  at  t.  Now,  when  the  nut  is  screwed  down  over  the 
washer,  in  the  direction  of  the  arrow,  the  slit  offers  no  obstruction ;  but  if  the  nut 
afterward  tends  to  unscrew  itself,  the  sharp  upper  edge  of  the  slit,  along  a,  presents 
friction  against  the  bottom  of  the  nut,  which  tends  to  hold  it  in  place.-  Besides,  the 
washer,  by  its  elasticity,  tends  to  resume  its  original  shape,  and  thus  presses  the 
threads  of  the  nut  against  those  of  the  bolt ;  and  the  additional  friction  thus  produced,  also  aids  in 
holding  the  nut.  The  same  principles  are  employed  in  a  nut-lock  recently  (1884)  introduced  upon 
the  Houston  and  Texas  Central,  where  the  lock-nut  washer  is  a  long 
strip  of  steel,  with  two  holes,  each  of  whieh  has  its  edges  formed  like  those  of  a  Verona  washer, 
and  through  each  of  which  passes  one  of  the  bolts  of  the  rail  joint.  Another 
device  is  to  cut  at  the  end  of  the  screw  a  few  thread's  of  a  screw  of  less  <liam 
than  the  main  one,  and  in  the  opposite  direction.  The  nut  is  then  screwed  upon  the  larger  diam ; 
and  after  it  the  losk-trut  is  screwed  in  the  other  direction  upon  the  smaller  diam,  until  it  conies 
into  contact  with  themain  nut.  In  the  Smith  lock-nut  bolt,  this  second  nut  is 
only  about  H  inoh  tniok-t  and  after  being  driven  home,  one  of  its  corners  is  bent  over  the  edge  of 
the  main  nut.    These  bolts  cost,  in  1884,  about  5  cts  each. 

See  the  Cambria  nut-lock,  p  765, 

The  At  wood  lock-nuts  take  advantage  of  elasticity  in  the  nut  itself,  which  is 
obtained  either  by  slitting  the  nut,  or  by  reducing  its  thickness  near  the  bolt  hole. 

It  is  claimed  that  if  the  threads  of  au  ordinary  bole  and  nut  are  carefully  cut, 
so  ns  to  be  In  contact  with  each  other  throughout,  no  lock-nut 

contrivance  is  necessary,  because  the  friction  between  the  two  threads  is  distributed  over  a  larger 
surf,  and  abrasion  does  not  take  place  so  readily  as  if  the  threads  touched  each  other  at  only  a  lew 
points.    The  nuts  are  therefore  less  apt  to  wear  loose  under  repeated  jarring. 

Owing  to  the  difficulty  of  obtaining  such  perfect  fitting  bolts  and  nuts,  due  to  the  wear  of  the  cut- 
ting tools  used  in  their  mfr,  the  Harvey  Screw  and  Bolt  Co,  52  Wall  St, 
New  Tork,  furnish  bolts  and  nuts  in  which  the  thread  on  the  bolt  differs  slightly-  In  shape  from  that 
in  the  nut.  They  also  furnish  nuts  in  which  the  thread,  instead  of  being  of  uniform  shape  through- 
out, gradually  becomes  deeper,  and  thicker,  by  having  its  side  angle  a,  Fig  1,  p  406,  made  mora 
acute,  and  its  top  truncated.  These  nuts  are  used  with  bolts  having  the  usual  nniform  thread. 
The  bolt  enters  the  nut  upon  the  side  where  the  thread  is  of  the  same  shape  as  its  own ;  but  its 
thread  encounters,  and  is  forced  into,  the  gradually  narrowing  and  deepening  path  between  the 
threads  of  the  nut.  In  both  devices,  the  enforced  conformity  between  the  two  threads,  is  relied 
upon  to  give  the  desired  completeness  of  contact  between  them.  The  greater  force  required  in  serew* 
ing  on  the  nut,  also  Increases  the  friction  between  the  threads. 

Dill's  patent  washer  nut-lock  (J.  F.  Dill,  Ridgway,  Pa.),  consists  simply 

of  two  oblong  interlocking 
washers  of  soft  iron,  about 
one  twelfth  of  an  inch  thick, 
and  shaped  as  in  the  Figure, 
In  one  end  of  each  washer 
is  a  round  hole  through 
which  the  bolt  paasea. 
When  the  nuts  are  to  be 
turned,  the  other  ends  of 
the  washers  are  bent  up  out 
of  the  way  by  means  of  a  pick  or  crow-bar,  etc.  When  they  are  brought  back  to 
the  positions  shown,  by  a  blow  of  a  hammer,  they  again  lock  the  nuts.  Tho  sanv> 
principle  is  also  applied  to  the  locking  of  three  or  more  nuts.  For  square  nuts 
(and,  indeed,  generally  for  hexagon  nut*  also)  the  upturned  ends  of  the  two  washers 
arc  lift  square.  Actual  tests  in  rail-joints  under  heavy  traffic  and  extremes  of 
weaCher  have  net  produced  a  case  of  failure.    Cost,  1888,  about  £10  per  1000. 

Table  of  diameters,  weights,  and  approximate  breaking; 
strains,  for  round  rolled  Iron  bolts,  lies,  or  bars  )  assuming  the 

breaking  strain  pef  square  Inch  of  average  quality  of  rolled  iron  to  be  as  follows:  Up  to  1  inch 
square,  or  1  inch  diam,  20  tons,  or  44800  lbs ;  from  1  to  2  ins  sq  or  diam,  19  tons ;  t  to  3  ina,  18  tons ; 
S  to  4  ins,  17  tons ;  4  to  5  ins,  IB  tons ;  5  to  8  ins,  1&  tons.  The  firsteeolohma  of  the  table  are  to 
be  used  when  the  screw  end  of  the  bolt  is  enlarged  or  upset,  so  that  (he  shank  or  body  of  the  bolt 
shall  not  be  weakened  by  the  cutting  of  the  screw  threads.  But  when  the  shank  is  so  weakened,  the 
diam  and  weight  of  the  bolt  muse  be  taken  from  the  last  *  cols. 

Rem.  But  it  Is  very  Important  to  know  that  a  long  upset  rod  is  no 
stronger  than  one  not  upset,  against  slowly  applied  loads  or  strains.  Both  will 
then  break  at  about  raidlength,  under  equal  pulls.  Therefore  in  such  cases  the 
col  of  greatest  diams  in  the  table  should  De  used. 

Square  bars*    Strength  or  weight  -=»  1.273  X  strength  or  weight  of  round  bar. 

iiAiMMriMM    /Strength  =   .8     X  strength  of  simitar  iron  bar. 

uopperuars.  |w<jisht  =  l.U   X  weight     «       « 


H  M 


*  Invented  by  Mr.  Thomas  Shaw,  M.  E.,  of  Philadelphia. 


WEIGHT  OF  METALS. 
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WEIGHT  AND  BTRENtiTH  OF  IRON  BOLTS.    (Original.) 
For  square  ones  or  for  copper  see  preceding  paragraph. 


Buds  enlarged,  or  upset. 


Weight 

Break* 

per  foot 

tag 
strata. 

roa. 

Pdi. 

Tods. 

.0411 

.245 

.093 

.553 

.165 

.983 

.258 

1.53 

.372 

2.21 

.506 

3.00 

.661 

3.93 

.837 

4,97 

1.03 

6.11 

1.25 

7.42 

1.49 

8.83 

1.75 

10.4 

2.03 

12.0 

2.33 

13.8 

265 

15.7 

299 

16.8 

3.35 

18.9 

3.73 

21.1 

4.13 

23.3 

4.66 

25.7 

5.00 

28.2 

5.47 

30.8 

5.95 

33.6 

6.46 

36.4 

6.99 

39.4 

7.63 

42.5 

Break- 
ing 
strain. 


Pds. 

549 

1239 

2202 

3427 

4950 

6720 

8603 

11133 

13754 

16621 

19779 

23296 

26880 

30912 

85163 

87632 

42336 

47264 

52192 

57568 

63168 

68992 

75264 

81536 

88256 

95200 


Ends  not 
enlarged. 


Diam. 

of 
shank 


Ins. 


.35 

.43 

.60 

.58 

.66 

.73 

.80 

.88 

.96 

1.01 

1.12 

1.20 

1.27 

1.35 

1.42 

1.49 

1.65 

1.61 

1.72 

1.80 

1.87 

1.91 

2.00 

2.07 


Weight 

per  foot 

rnn. 


Pds. 


.321 
.452 
.654 
.897 
1.14 
1.41 
1.67 
2.03 
2.41 
2.81 
3.26 
3.77 
4.27 
4.77 
5.28 
6.81 
6.39 
7.01 
7.74 
8.48 
9.20 
988 
10.6 
11.3 


Ends  enlarged,  or  upset. 


Diam. 

of 
shank 


Ins. 


Weight 

per  foot 

run. 


Pda. 

8.10 
8.69 
9.30 
9.93 
10.6 
12.0 
13.4 

114 

16.6 
18.2 
20.0 
21.9 
23.$ 
274 
32.4 
37.2 
42.S 
47.8 
53.6 
59.7 
66.1 
72.9 
80.0 
87.5 
95.2 


Break- 
ing 
strain. 


Tons. 

45.7 

49.0 

62.6 

56.0 

59.7 

63.8 

71.6 

79.7 

88.4 

97.4 

106.9 

116.8 

127.2 

141.0 

163.6 

187.7 

213.6 

227.0 

261.5 

283.5 

314.2 

324.7 

356.4 

389.5 

424.1 


Break- 
ing 
strain. 


Pds. 
102368 
109760 
117CO0 
125410 
133728 
142912 
160384 
178628 
198016 
218176 
239466 
261632 
281928 
315840 
366464 
420418 
478464 
508480 
570080 
635040 
703808 
72732^ 
798336 
872480 
919981 


Bee  Rem,  p  408. 


Ends  not 
enlarged. 


Diam. 
of 

shank 


Ins. 
2.14 
2.22 
2.30 
2.38 
2.45 
2.59 
2  73 
2.88 
3.02 
3.16 
3.30 
3.45 
3.60 
3.86 
4.12 
4.41 
4.70 
4.98 
5.25 
5.53 
5.80 
6.08 
6.36 
6.63 
6.90 


Weight 

per  foot 

run. 


Pds. 

12.0 

129 

13.8 

14.7 

16.7 

17.6 

19.5 

21.6 

23.9 

26.1 

28.5 

31.1 

33.9 

39.1 

44.4 

51.0 

57.8 

65.2 

72.9 

80.5 

88.1 

97.0 

108. 

116. 

126. 


BUCKLED  PLATES 


of  iron  or  steel  are  usually  3  or  4  feet  square,  from  JL^  to  }g  inch  thick,  with 

a  flat  rim  about  2  inches  wide  all  around,  with  rivet  or  bolt  holes  for  holding  the 
plate  firmly  down  to  its  intended  place.  The  rest  of  the  plate  is  stamped  inty  the 
form  of  a  kind  of  groined  arcli  rising  from  1  to  3  inches  in  the  center.  Thejr  are 
very  strong,  and  are  used  for  the  floors  of  fire-proof  buildings,  and  of  city  iron 
bridges,  covered  with  asphalt  or  stone  paving,  Ac.  One  of  3  feet  square,  .25 
inch  thick,  curved  1.75  inches,  and  with  a  2-inch  jim  well  bolted  down  on  all 
sides,  required  a  quiet,  equally  distributed  load  of  18  tons  to  crush  it. 

Table  of  safe,  quiet,  uniformly  distributed  loads  for  buckled 
Iron  plates  3  feet  square,  arched  1.75  inches,  and  well  bolted  down  on  all  sides. 
Keystone  Bridge  Co.,  Pittsburgh,  Pa,  Price,  iron  or  steel,  3  cento  per  lb. 
at  mill. 


Weight  of  one 

plate. 

Tlit/tl 

kness. 

xiliCl 

Pounds. 

A 

inch 

68 

X 

u 

90 

tV 

« 

113 

% 

It 

135 

Safe  load  on  one  plate 
one-fourth  of  ultimate  load.) 


Pounds. 


6600 
10080 
13888 
20160 


410 


WIRE  GAUGES. 


The  Birmingham  wire  nape  is  the  one  in  moat  general  use  for  iron.  The 
new  British  w  g  went  into  effect  March  1st  1884.  In  the  " American  "wgof  Dar- 
ling, Brown  &  Sharpe,  Providence  R.  I.,  each  diam  or  thick  is  =  the  next  smaller 
one  X  1-122932.  We  take  the  wt  of  wrot  iron  per  cub  ft  at  485  lbs  in  the  first  two ; 
and  at  486  in  the  last.  For  the  wt  of  steel,  mult  that  of  iron  by  1.01.  For 
lead,  mult  iron  by  1.46.  For  sine,  mult  iron  by  .9.  For  brass  (approx),  mult 
iron  by  1.06.    For  copper,  mult  iron  by  1.134.   See  p  411  and  Trenton  Gauge  p412. 


Birmingham  W.  Ga. 

New  British  W.  Ga. 

American  W.  Ga, 

Diam  of 

Wtof 

Diam  of 

Wtof 

Diam  of 

Wt  of 

No. 

wire,  or 
thickness 

Wtof 
Iron  wire. 

*         Sh, 

iron 
sheets. 

wire,  or 
thickness 

"Wtof 
iron  wire, 

l_    sa 

Iron 
sheets. 

wire,  or 
thickness 

Wtof 
iron  wire, 

Iron 

sheets. 

of  sheet, 
ins. 

in  lbs  per 
lin  ft. 

in  lbs  per 
sq  ft 

of  sheet, 
ins. 

in  lbs  per 
lin  ft. 

in  lbs  per 
sq  ft. 

of  sheet, 
ins. 

In  lbs  per 
lin  ft. 

in  lbs 
persqft 

7-0 

.500 
.464 
.432 
.400 

.661 
.569 
.494 
.423 

20.21 
18.75 
17.46 
16.17 

.460000 

.561 

6-0 

5-0 

4-0 

.454 

.546 

18.35 

18.63 

3-0 

.425 

.479 

17.18 

.372 

.866 

15.03 

.409642 

.446 

16.68 

2-0 

.380 

.383 

15.86 

.348 

.820 

14.06 

,3647% 

.353 

14.77 

0 

.340 

.306 

13.74 

.324 

.278 

13.09 

.324861 

.280 

13.15 

1 

.300 

.238 

12.13 

.300 

.238 

12.13 

.289297 

.222 

11.70 

2 

.284 

.214 

11.48 

.276 

.202 

11.15 

.257627 

.176 

10.43 

3 

.259 

.178 

10.47 

.252 

.168 

10.19 

.229423 

.139 

9.291 

4 

.238 

.150 

9.619 

.232 

.142 

9.377 

.204307 

.111 

8.273 

5 

.220 

.128 

8.892 

.212 

.119 

8.568 

.181940 

.0877 

7.366 

6 

.203 

.109 

8.205 

.192 

.0976 

7.760 

.162023 

.0696 

6.561 

7 

.180 

.0859 

7.275 

.176 

.0820 

7.113 

.144285 

.0562 

6.842 

8 

.165 

.0721 

6.669 

.160 

.0677 

6.466 

.128490 

.0438 

6.203 

9 

.148 

.0580 

5.981 

.144 

.0548 

6.820 

.114423 

.0347 

4.633 

10 

.134 

.0476 

5.416 

.128 

.0434 

6.173 

.101897 

.0276 

4.126 

11 

.120 

.0382 

4.850 

.116 

.0367 

4.688 

.090742 

.0218 

3.674 

12 

.109 

.0315 

4.405 

.104 

.0286 

4.203 

.080808 

.0173 

3.272 

13 

.095 

.0239 

3.840 

.092 

.0224 

8.718 

.071962 

.0137 

2.914 

14 

.083 

.0183 

3.355 

.080 

.0169 

8.233 

.064084 

.0109 

2.595 

15 

.072 

.0137 

2.910 

.072 

.0137 

2.910 

.057068 

.00863 

2.310 

16 

.065 

.0112 

2.627 

.064 

.0108 

2.587 

.050821 

.00684 

2.053 

17 

.058 

.00891 

2.344 

.056 

.00832 

2.263 

.045257 

.00543 

1.832 

18 

.049 

.00636 

1.980 

.048 

.00610 

1.940 

.040303 

.00430 

1.631 

19 

.042 

.00467 

1.697 

.040 

.00423 

1.617 

.035890 

.00341 

1.452 

20 

.033 

.00325 

1.415 

.036 

.00344 

1.455 

.031961 

.00271 

1.293 

21 

.032 

.00271 

1.293 

.032 

.00269 

1.293 

.028462 

.00215 

1.152 

22 

.028 

.00208 

1.132 

.028 

.00207 

1.132 

.025346 

.00170 

1.026 

23 

.025 

.00166 

1.010 

.024 

.00152 

.9700 

.022572 

.00135 

.913 

24 

.022 

.00128 

.8892 

.022 

.00128 

.8891 

.020101 

.00107 

.814 

25 

.020 

.00106 

.8083 

.020 

.00106 

.8083 

.017900 

.000849 

.724 

26 

.018 

.000859 

.7225 

.018 

.000857 

.7275 

.015941 

.000673 

.644 

27 

.016 

.000078 

.6467 

.0164 

.000712 

.6628 

.014195 

.000534 

.674 

28 

.014 

.000519 

.5658 

.0148 

.000579 

.5982 

.012641 

.000423 

,61t 

29 

.013 

.000448 

.5254 

.0136 

.000489 

.5497 

.0X1257 

.000336 

.466 

80 

.012 

.000382 

.4850 

.0124 

.000408 

.5012 

.010025 

.000266 

.406 

81 

.010 

.000265 

.4042 

.0116 

.000357 

.4688 

.008928 

.000211 

-360 

32 

.009 

.000215 

.8638 

.0108 

.000309 

.4365 

.007950 

.000167 

.321 

83 

.008 

.000170 

.3233 

.0100 

.000265 

.4042 

.007080 

.000138 

.286 

34 

.007 

.000130 

.2829 

.0092 

.000224 

.3718 

.006305 

.000105 

.264 

35 

.005 

.0000662 

.2021 

.0084 

.000187 

.3395 

.005615 

.0000887 

.226 

36 

.004 

.0000424 

.1617 

.0076 

.000153 

.3072 

.005000 

.0000662 

.202 

37 

.0068 
.0060 
.0052 
.0048 
.0044 
.0040 
.0036 
.0032 
.0028 
.0024 
.0020 
.0016 
■  .0012 
.0010 

.000122 

.0000952 

.0000714 

.0000608 

.0000513 

.0000423 

.0000344 

.0000271 

.0000207 

.0000152 

.0000106 

.0000068 

.0000038 

.0000026 

.2748 
.2425 
.2102 
.1940 
.1778 
.1617 
.1455 
.1293 
.1132 
.0970 
.0808 
.0647 
.0486 
.0404 

.004453 
.003965 
.003531 
.003144 

.0000625 
.0000417 
.0000330 
.0000262 

.180 

38 

.159 

89 

.142 

40 

.127 

41 

42 

43 

44 

45 

46 

47 

• 

48 

49 

60 

WIRE  GAUGES. 
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American  flange  for  sheet  and  plate  iron  and  steel  (1893).  We  omit 
the  columns  of  weight  in  kilograms  per  square  foot  and  in  pounds  per  square 
meter,  and  simplify  the  headings  of  the  remaining  columns. 

An  Act  establishing  a  standard  gauge  for  sheet  and  plate  iron  and  steel. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  Slates  of 
America  in  Congress  assembled,  That  for  the  purpose  of  securing  uniformity  the 
following  is  established  as  the  only  standard  gauge  for  sheet  and  plate  iron  and 
»teel  in  the  United  States  of  America,  namely  : 


Approximate  thickness. 

Weight. 

Xo. 

Per  »q.  foot, 

in  avoirdupois 

Per  sq. 

Inches. 

Millimeters. 

meter,  in 

ounces.      | 

pounds. 
20.00 

kilograms 

7-0 

1-2      =.5 

12.7 

320          i 

97.65 

6-0 

15-32    =.46875 

11.90625 

300 

18.75 

91.55 

5-0 

7-16    =.4375 

11.1125 

280         ' 

17.50 

85.44 

4-0 

13-32    =.40625 

10.31875 

260 

16.25 

79.33 

3-0 

3-8      =.375 

9.525 

240 

15. 

73.24 

2-0 

11-32    =.34375 

8.73125 

220 

13.75 

67.13 

0 

5-16    =.3125 

7.9375 

200 

12.50 

61.03 

1 

9-32    =.28125 

7.14375 

180 

11.25 

54.93 

2 

17-64    =.265625 

6.746875 

170 

10.625 

51.88 

3 

1-4      =.25 

6.35 

160 

10. 

48.82 

4 

15-64    =.234375 

5.953125 

150 

9.375 

45.77 

5 

7-32     =.21875 

5.55625 

140 

8.75 

42.72 

6 

13-64    =.203125 

5.159375 

130 

8.125 

39.67 

7 

3-16    =.1875 

4.7625 

120 

7.5 

36.62 

8 

11-64    -=.171875 

4.365625 

no 

6.875 

33.57 

9 

5-32    =.15625 

3.96875 

100 

6.25 

30.52 

10 

9-64    =.140625 

3.571875 

90 

5.625 

27.46 

11 

1-8      =.125 

3.175 

80 

5. 

24.41 

12 

7-64    =.109375 

2.778125 

70 

4.375 

21.36 

13 

3-32    =.09375 

2.38125 

60 

3.75 

18.31 

14 

5-64     =.078125 

1.984375 

50 

3.125 

15.26 

15 

9-128  =.0703125 

1.7859375 

45 

2.8125 

13.73 

16 

1-16    =.0625 

1.5875 

40 

2.5 

12.21 

17 

9-160  =.05625 

1.42875 

36 

2.25 

10.99 

18 

1-20    =.05 

1.27 

32 

2. 

9.765 

19 

7-160  =.04375 

1.11125 

28 

1.75 

8.544 

20 

3-80    =.0375 

.9525 

24 

1.50 

7.324 

21 

11-320  =.034375 

.873125 

22 

1.375 

6.713 

22 

1-32    =.03125 

.793750 

20 

1.25 

6.103 

23 

9-320  =.028125 

.714375 

18 

1.125 

5.493 

24 

1-40    =.025 

.635 

16 

1. 

4.882 

25 

7-320  =.021875 

.555625 

14 

.875 

4.272 

26 

3-160  =.01875 

.47625 

12 

.75 

3.662 

27 

11-640  =.0171875 

.4365625 

11 

.6875 

3.357 

28 

1-64    =.015625 

.396875 

10 

.625 

3.052 

29 

9-640  =.0140625 

.3571875 

9 

.5625 

2.746 

30 

1-80    =.0125 

.8175 

8 

.5 

2.441 

31 

7-640  =.0109375 

.2778125 

7 

.4375 

2.136 

32 

13-1280=.01015625 

.25796875 

6* 

.40625 

1.983 

33 

3-320  =.009375 

.238125 

6 

.375 

1.831 

34 

11-1 280 =.00859375 

.21828125 

H 

.34375 

1.678 

35 

5-640  =.0078125 

.1984375 

5 

.3125 

1.526 

36 

9-1280=.00703125 

.17859375 

n 

.28125 

1.373 

37 

17-2560=.006640625 

.168671875 

.265625 

1.297 

38 

1-160  =.00625 

♦15875 

4 

.25 

1.221 

And  on  and  after  July  first,  eighteen  hundred  and  ninety -three,  the  same  and 
no  other  shall  be  used  in  determining  duties  and  taxes  levied  by  the  United 
States  of  America  on  sheet  and  plate  iron  and  steel.  But  this  act  shall  not  be 
construed  to  increase  duties  upon  any  articles  which  may  be  imported. 

Sec.  2.  1  hat  the  Secretary  or  the  Treasury  is  authorized  and  required  to  pre- 
pare suitable  standards  in  accordance  herewith. 

•Sec.  3.  That  in  the  practical  use  and  application  of  the  standard  gauge  hereby 
established  a  variation  of  two  and  one-half  per  cent,  either  way  may  be  allowed. 

Approved  March  3,  1893. 


tin 


3* 

"-■as 
,  o 

-".  i 

"'  * 

"a 
*  r 

* 

1 


1 


WIRE    GAUGES. 
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Wo  trade  Stupidity-  is  more  thoroughly  senseless  than  tbe  adherence  to 
the  various  Birmingham,  Lancashire,  Ac,  gauges ;  instead  of  at  once  denoting  the 
thickness  and  diameter  of  sheets,  wire,  Ac,  by  the  parts  of  an  inch ;  as  has  long 
been  suggested.  Thus,  No.  %,  or  No.  fo  wire,  or  sheet-metal  of  any  kind,  should 
be  understood  to  mean  %  or  ,fc  of  au  iuch  diam,  or  thickness.  To  avoid  mistakes, 
which  are  very  apt  to  occur  from  the  number  of  gauges  in  use ;  and  from  the  absurd 
practice  of  applying  the  same  No.  to  different  thicknesses  of  different  metals,  in  dif- 
ferent towns,  it  is  best  to  ignore  them  nil ;  and  in  giving  orders,  to  define  the  diam- 
eter of  wire,  and  the  thickness  of  sheet-metal,  by  parts  of  an  inch.  Or  the  weight 
per  hundred  ft  for  wire ;  or  per  sq  ft  for  sheets,  may  be  employed.  We  believe  that 
the  foregoing  Birmingham  gauge  applies  to  zinc,  copper,  brass,  and  lead;  although 
it  is  geuerally  stated  to  be  fur  Iran  and  steel  only.  Another  Birmingham  gauge  i* 
used  for  sheet-brass,  gold,  silver,  and  some  other  metals;  but  we  have  never  seen  it 
stated  what  those  others  are.  There  are  different  gauges  even  for  wire  to  be  used 
for  different  purpose*;  and  various  firms  have  gauges  of  their  own ;  not  even  accord- 
ing among  themselves. 

As  Mr.  Stubs  makes  various  English  gauges,  the  term  "  Stubs  grange "  by 

itself  means  nothing.    Generally,  however,  in  our  machine  shops,  it  applies  to  the 
Birmingham  gauge  of  the  preceding  table. 

Birmingham  gauge  for  sheet  Brans,  Silver,  Geld,  and  all  metals 

except  iron  and  steel  ? 


No. 

Thioka't. 

No. 

Tblokn's. 

No. 

Tbickn's. 

No. 

Tbickn's. 

No. 

Tbickn's. 

No. 

Ttalakn's. 

Inch 

lac* 

Inch 

Inch 

Inch 

Inch 

1 

.004 

7 

.015 

13 

.036 

19 

.064- 

25 

.095 

31 

.133 

2 

.005 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

32 

.143 

3 

.008 

0 

.019 

15 

.047 

21 

.072 

27 

.113 

83 

.145 

4 

.010 

10 

.024 

16 

.051 

22 

.074 

28 

.120 

34 

.148 

6 

.012 

11 

.029 

IT 

.057 

23 

.077 

29 

.124 

35 

.168 

6 

.013 

12 

.034 

18 

.061 

24 

.082 

30 

.126 

86 

.167 

The  mills  rolling  sheet  iron  in  the  United  States  generally 
use  the  following,  which  varies  slightly  from  the  Birmingham  gauge: 


No. 
1 

lbs  per 

BO.  ft 

12  50 

No. 
8 

It's  per 
eqft 
6.86 

No. 
15 

lbs  per 
sqft 
2.81 

No. 
22 

lbs  per 

2 

12.00 

9 

6.24 

16 

2.50 

23 

1.12 

3 

11.00 

10 

5.62 

17 

2.18 

24 

1.00 

4 

10.00 

11 

5.00 

18 

1.86 

25 

.90 

5 

8.75 

12 

4.38 

19 

1.70 

26 

.80 

6 

8.12 

18 

3.75 

20 

1.64 

27 

.72 

7 

7.50 

14 

3.12 

21 

1.40 

28 

.64 

When  wire,  sheet-metal,  «fce.,  are  ordered  by  gauge  number,  and  it  Is 
not  specified  what  gauge  is  intended;  dealeis  in  the  United  States  fill  the  order  as 
follows  : 

Brass,  bronze  or  German  Silver  in  sheets,  German  Silver  wire,  brazed  brass,  bronze, 
zinc  or  copper  tubing,  by  Brown  &  hharpe's  (or  "American")  gauge,  last  column, 
p.  410. 

Copper  in  sheets ;  brass  and  copper  wire ;  Seamless  brass,  bronze  or  copper  tubing; 
and  small  brass  rods ;  by  Stubs'  (or  Birmingham)  gauge,  first  column,  p.  410. 

Approximate  prices  per  pound,  of  brass  and  copper  wire,  Nos. 

0  to  26,  for  100  lbs.  or  more.  Merchant  &  Co.,  517  Arch  St.,  Philadelphia.  Copper, 
80  to  40  cts.;  high  brass,  22  to  32  cts.;  low  brass,  26  to  36  ots.  Discount,  1888,  10  to 
20  per  cent. 

Unannealed  or  hard  hrass  wire  has  about  jkfthg  the  strengths  of  the  table  p.  412, 
and  about  i  more  weight.    If  annealed,  only  full  half  the  strength. 

Hard  copper  wire  may  be  taken  at  %  of  the  tabular  strengths,  and  full 

1  more  weight. 
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IRON  WIRE. 


Table  of  Charcoal  Iron  Wire  made  by  Trenton  Iron  €*»., 
Trenton,  N.  J.  The  numbers  in  the  first  column  are  those  of  the  Trenton  I  iron 
Co's  gauge*  The  corresponding  diameters  in  the  second  column  will  be  seen  to 
be  somewhat  less  than  those  of  the  Birmingham  gauge,  p  410. 


No. 

Diara. 
ins. 

Lineal 

feet  to  the 

Pound. 

Tensile 

Str'gth 

Appro* 

lbs. 

No. 

DIbbi. 
ins. 

Lineal 

feet  to  the 

Pound. 

Tensile 

Str'gth 

Appros 

lbs. 

No. 

Dism. 
ins. 

Lineal 

feet  to  the 

Pound. 

00000 

.450 

1.863 

12598 

11 

.1175 

27.340 

1010 

26 

.018 

1164.689 

0000 

.400 

2.358 

9955 

12 

.105 

34.219 

810 

27 

.017 

1305.670 

000 

.360 

2.911 

8124 

13 

.0925 

44.092 

631 

28 

.016 

1476.869 

00 

.330 

3.463 

6880 

14 

.080 

58.916 

474 

29 

.015 

1676.989 

0 

.305 

4057 

5926 

15 

.070 

76.984 

872 

30 

.014 

1925.321 

1 

.285 

4.645 

5226 

16 

.061 

101.488 

292 

31 

.013 

2232.653 

2 

.265 

5.374 

4570 

17 

.0525 

137.174 

222 

32 

.012 

2620.607 

3 

.245 

6.286 

3948 

18 

.045 

186.335 

169 

33 

.011 

3119.092 

4 

.225 

7.454 

3374 

19 

.040 

235.084 

137 

34 

.010 

377&584 

5 

.205 

8.976 

2839 

20 

.035 

308.079 

107 

35 

.0095 

4182.508 

6 

.190 

10.453 

2476 

21 

.031 

892.772 

86 

.009 

4657.728 

7; 

.175 

12.322 

2136 

22 

,028 

481.234 

37 

.0085 

5222.035 

8 

.160 

14.736 

1813 

23 

.025 

603.863 

38 

.008 

5896.147 

9 

.145 

17.950 

l.*07 

24 

.0225 

745.710 

39 

.0075 

6724.291 

10 

.130 

22.333 

1233 

25 

.020 

943.396 

40 

.007 

7698.258 

or  unannealed. 
made  with  good 


The  wire  in  this  table  is  supposed  to  be  hard,  bright. 
The  figures  in  the  column  of  tensile  strength  are  based  upon  tests 

charcoal  iron  wire  from  Trenton  blooms. 
The  tensile  strength  of  wire  made  of  is  aliout 

Qood  refined  iron 15  percent  less 

Swedish  chareoal  iron 10 

Mild  Bessemer  steel 10      "      more 

Ordinary  crucible  steel... - 25 

Special  crucible  steel 30  to  120 

Annealing  renders  wire  more  pliable  and  ductile,  but  less  elastic ;  and  reduces  the 
tensile  strength  by  from  20  to  2ft  per  cent. 


«« 


:i 


u 


than  that  of 

bright  charcoal 

wire,  given  in 

the  above  table. 


To  find  approximately  the  number  of  straight  wires  that 
can  be  got  into  a  cable  of  given  diameter. 

Divide  the  diameter  of  the  cable  in  inches,  by  the  diameter  of  a  wire  in  inches. 
Square  the  quotient.  Multiply  said  square  by  the  decimal  .77.  The  result  will  be 
correct  within  about  4  or  5  per  cent  at  most,  in  a  cylindrical  cable. 

The  solidity,  or  metal  area  of  all  the  wires  In  a  cable,  will  be 
to  the  area  of  the  cable  itself,  about  as  1  to  1.3.  In  other  words,  the  area  of  the 
voids  is  nearly  %  that  of  the  cable ;  while  that  of  the  wires  is  fully  %  that  of  the 
cable.    All  approximate. 

Price-list  of  Charcoal  Iron  and  Bessemer  Steel  Wire.*   Bright 

and  annealed.    Trenton  Iron  Co. 

Nos.  0to9,     10  All,    12,  13  A 14,     15  A 16,     17,     18,     19,     20.    21,    22, 

Ctsperlb.     10  11,       11&    12^,  14,         15,     16,     19,     20,    21,    22, 

Nos.  23,     24,     25,     26,     27,     28,     29,     30,     31,     32,     33,     84,     35,     36, 

Ctsperlb.  23,     24,     25,     26,     28,     29,     30,     82,     33,     35,     87,     40,     45,     55, 

Price-list  of  Cast  (crucible)  Steel  Wire.f   Trenton  Iron  Co. 

Nos.  0  to  6,  7  to  9,  10  &  11,  12,  13,  14,  15,  16,  17,  18,  19,  20,  21,  22,  23, 

Ctsperlb.     23,       24,  25,       26,  28,  30,  32,  33,  34,  36,  38,  40,  50,  60,  75, 

The  Co  make  other  wire  of  specified  quality  to  order ;  also  Wire 
Ropes,  and  fittings  for  same.    See  p  413. 

*  Discounts  on  iron  and  Bessemer  steel  wire  (bright  or  annealed).   Nos.  00000  te 
36,  about  60  to  75  per  cent.    Nos.  37  to  45,  about  50  per  cent.     1888. 
t  Discount  on  crucible  steel  wire,  about  50  to  60  per  cent.    1888. 
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WEIGHT  AND  STRENGTH  OF  IRON  CHAINS. 


On  plAMI  in  fiehnylkul  Go.  *e,  a  wire  rape  generally  testa  long  enoagh  to  mien  »ne  pur- 
lion  or  tons  of  ooal  up  ft  plane  halt  a  mile  long,  and  rising  1  in  10.  The  ordinary  dura-lion  en  inclined 
planes  throughout  the  country  is  from  1J<  to  4  years,  according  to  the  amount  of  service;  and  also 
greatly  to  the  care  taken  of  them,  and  of  the  sheaves  and  rollers  upon  which  they  move. 

On  the  Mt  Pisgah  plane,  3500  ft  long,  rising  660  ft,  for  raising  empty  ooal  ears,  aud  lowering  loaded 
ones,  thin  iron  bands,  7  inches  wide,  and  ab  jut  %  inch  thick,  nave  been  used  instead  or  ropes.  They 
scarcely  exhibit  any  sign  of  wear  In  several  years.  They  should  be  riveted;  being  apt  to  break  u 
welded.    Steel  would  probably  be  the  best  material  in  many  cases. 

Table  of  Manilla  rope. 


Diam. 

01  re. 
Ins. 

Wtper 

foot. 

lbs. 

Breaking  load. 

Diam. 
Ins. 

Circ. 
Ins. 

Wtper 

foot. 

lbs. 

Breaking  load. 

Ins. 

Tons. 

lbs. 

Tons. 

lbs, 

.239 

.318  . 

.477 

.636 

.795 

.955 

1.11 

1.27 

1.43 

1.59 

1.75 

i* 

i* 

4 

o* 
PA 

.019 
.033 
.074 
.132 
.206 
.297 
.404 
.528 
.668 
.825 
.998 

.25 
J35 
.70 
1.21 
1.91 
2.73 
3.81 
6.16 
6.60 
8.20 
930 

560 

784 

1568 

2733 

4278 

6115 

8534 

11558 

14784 

18368 

21952 

1.91 
2.07 
2.23 
2.39 
2.55 
2.86 
8.18 
3.50 
3.82 
4.14 
4.45 

6 
7* 

s* 

9 
10 
11 
12 
13 

14 

• 

1.19 
1.89 
1.62 
1.86 
2.11 
2.67 
3.30 
3J99 
4.75 
6.58 
6.47 

11.4 
13.0 
14.6 
16.2 
17.8 
21.0 
24.2 
27.4 
30.6 
834 
87.0 

25636 
29120 
82704 
86288 
89872 
47040 
64208 
61876 
68644 
76712 
82880 

The  strength  of  Stan  ilia  ropes,  like  that  of  bar  iron,  is  very  variable ; 
and  so  with  hemp  ones.    The  above  table  supposes  an  average  quality.    Ropes  of 
good  Italian  hemp  are  considerably  stronger  than  Manilla;  but  their  cost  excludes 
them  from  general  use.    The  tarring-  of  ropes  is  said  to  lessen  their  strength ; 
and,  when  exposed  to  the  weather,  their  durability  also.   We  believe  that  the  use  of 
it  in  standing  rigging  is  partly  to  diminish  contraction  and  expansion  by  alternate 
wet  and  dry  weather.     The  eommon  rules  for  finding  the  strength  of  rope 
by  multiplying  the  square  of  the  diam  or  circumf  by  a  given  coefficient  are  entirely 
erroneous.    Prices  in  Philada,  1888,  Manilla,  13  to  14  eta  per  lb;  Italian  hemp, 
20  cts;  American  hemp,  12  eta;  Sisal  hemp,  10  eta;  jute,  (E.  Indies,) 7  cts.    K.  H. 
Fitter  &  Co.,  23  N.  Water  St,  Phila. 
The  strengths  of  pieees  from  the  same  coil  m*y  vary  26  per  ct. 
A  few  months  of  exposed  work  weakens  ropes  20  to  60  per  ct. 

WEIGHT  AND  8TRE9TOTH  OF  IBON  CHAINS. 

Table  of  strength  of  chains. 

Chains  of  superior  iron  will  require  %to%  more  to  break  them.    (Original.) 


Diam  of  rod 

nf  which 

Weight 

Breaking  strain 

Diam  of  rod 
of  which 
the  links 

Weight 

Breaking  strain 

the  links 

of  chain 

of  the  chain. 

of  chain, 

of  the  chain. 

are  made. 

per  ft  run. 

! 

are  made. 

per  ft  run. 

Ins. 

Pds. 

Pds. 

Tons. 

Ins. 

Pds. 

Pds. 

Tons. 

3-16 

.5 

1731 

.773 

1 

10.7 

49280 

2200 

% 

.8 

3069 

1.37 

*H 

12.5 

69226 

26.44 

5-16 

1. 

4794 

2.14 

*Y\ 

16. 

73114 

32.64 

& 

1.7 

6922 

3.09 

m 

18.3 

88301 

39.42 

2. 

9408 

4.20 

iv2 

21.7 

105280 

47.00 

&6 

2.5 

12320 

6.50 

l$a 

26. 

123514 

65.14 

3.2 

15590 

6.96 

ljt 

28. 

143293 

63  97 

fr 

1       4.3 

19219 

8.58 

32. 

164505 

73  44 

11-16 

6. 

23274 

10.39 

2 

38. 

187162 

83.66 

^ 

6.8 

27687 

12.36 

2»< 

64. 

224448 

100.2 

1316 

6.7 

32301 

14.42 

% 

71. 

277088 

123.7 

&a 

8. 

37632 

16.80 

88. 

336328 

149.7 

15- 16 

0. 

43277        19.32 

3 

105. 

398944 

178.1 
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The  links  of  ordinary  iron  chains  are  usually  made  as  short  as  is 
consistent  with  easy  play,  in  order  that  they  may  not  become  bent  when  wound 
around  drums,  sheaves,  Ac :  and  that  they  may  be  more  easily  handled  in  slinging 
large  blocks  of  stone,  Ac.    U.  S.  Govt,  expts,  1878,  prove  that  studs  weaken  the  links. 

When  so  made,  their  weight  per  foot  ran  la  quite  approximately  3K  times  that  of  a  single  bar  of  the 
round  iron  of  which  the/  are  composed.  Since  each  link  consists  of  two  thicknesses  of  bar,  it  might 
be  supposed  that  a  chain  would  possess  abont  double  the  strength  or  a  single  bar;  but  the  strength  of 

the  bar  becomes  reduced  aboot  -fy,  by  being  formed  into  links ;  so  that  the  chain  really  has  but  about 

-_X_  of  the  strength  of  two  bars.   Asa  thick  bar  of  iron  will  not  sustain  as  heary  a  load  in  proportion  as  & 

thinner  one,  so  of  course,  stout  chains  are  proportionally  weaker  than  slighter  ones.  In  the  foregoing 
table.  30  tons  per  sq  inch,  is  assumed  as  the  average  breaking  strain  of  a  single  straight  bar  of  ordi- 
nary rolled  iron,  I  inch  in  diam ;  or  1  inch  square;  19  tons,  from  1  to  2  ins ;  and  18  tons,  from  2  to  3 

ins.  Deducting  A^  from  each  of  these,  we  hare  as  the  breaking  strain  of  the  two  bars  composing 
each  link,  as  follows :  14  tons  per  $q  inch,  up  to  1  inch  diam;  13 .3  tons,  from  1  to  2  ins ;  and  12.4 
tons,  from  2  to  S  ins  diam:  and  upon  these  assumptions  the  table  ta  based.  The  wts  are  approxi- 
mate ;  depending  upon  the  exactness  of  diameter  or  the  iron,  and  shape  of  link. 

Approximate  prices  of  chain*,  in  cents   per  pound.     Bradlee  A  Co., 
Susquehanna  Avenue  and  Beach  Street,  Philadelphia,  1888. 

Diameter  of  rod  from  which  the  links  are  made ;  ins %       l^    1 

Ordinary  proved  or  coil  chain 6%     5^|    %% 

Crane  chain 8J^     1        4*| 

Chain  of  combined  iron  and  steel 14       11       8 
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and  : 

Bars. 

Thickness 
or 

LEAD. 

COPPER. 

BRASS. 

Thicknesi 
or 

Diameter, 

Diameter, 

or  aide, 

Sheets, 

Square 

Bound 

Sheets, 

Square 

Round 

Sheets, 

Square 

Bound 

or  side, 

in 

per 

Bars; 

Bars; 

per 

Bars; 

Bars; 

per 

Bars; 

Bars; 

in 

Inches. 

Square 
FooU 

I  Foot 

lFoot 

Square 

lFoot 

1  Foot 

Square 

lFoot 

lFoot 

Inches. 

long. 

long. 

Foot. 

long. 

long. 

Foot. 

long. 

long. 

Lbs. 

Lbs. 

Lbs. 

LbB. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

1-32 

1.86 

.005 

.004 

1.44 

.004 

.003 

1.36 

.001 

.003 

1-32 

1-lfl 

3.72 

.019 

.015 

2.89 

.015 

.012 

2.71 

.014 

.011 

1-16 

3  32 

5.58 

.ou 

.034 

433 

.034 

.027 

.4.06 

.032 

.025 

3-32 

K 

7.41 

.078 

.061 

5.77 

.060 

.017 

5.-12 

.056 

.011 

K 

532 

9.30 

.121 

.095 

7.20 

.094 

.071 

6.75 

.088 

.0C9 

532 

3- IS 

11.2 

.174 

.137 

8.66 

.135 

.100 

8.13 

.127 

.100 

3  16 

7-32 

13.0 

.237 

.187 

10.1 

.144 

.144 

9.50 

.173 

.136 

7-32 

% 

14.9 

.310 

.244 

11.5 

.210 

.189 

10.8 

.226 

.177 

H 

616 

18.6 

.485 

.381 

14.4 

.376 

.285 

13.5 

.353 

.277 

5  16 

H 

22.3 

.698 

.548 

17.3- 

.641 

.425 

16.3 

.508 

.399 

% 

7-16 

26.0 

.950 

.746 

20.2 

.736 

.578 

19  0 

.691 

.543 

7-16 

K 

29.8 

1.24 

.974 

23.1 

.962 

.755 

21.7 

.903 

.709 

X 

916 

33.6 

1.57 

1.23 

26.0 

1.22 

.955 

24.3 

1.14 

.900 

9-16 

K 

37.2 

1.94 

1.52 

28.9 

1.50 

1.18 

27.1 

1.41 

1.11 

K 

11-16 

40.9 

2.34 

1.84 

81.7 

1.82 

1.4J 

29.8 

1.70 

1.34 

11-16 

H 

41.6 

2.79 

2.19 

34.6 

2.16 

J.70 

32.5 

2.03 

1.60 

K 

13-16 

48.3 

8.27 

2.57 

37.5 

2.55 

1.99 

35.2 

2.38 

1.87 

13-16 

X 

52.1 

3.80 

2.98 

40.4 

2.94 

2.31 

37.9 

2.76 

2.17 

K 

15  16 

560 

4.37 

3.42 

43.3 

3.38 

265 

40.6 

8.18 

2.49 

15  16 

1. 

59.5 

4.96 

8.90 

46.2 

3.85 

3.02 

43.3 

8.61 

2.81 

1. 

IK 

66.9 

6.27 

4.92 

52.0 

4.87 

3.82 

46.7 

4.57 

3.60 

1« 

lfc 

714 

7.75 

6.09 

57.7 

6.01 

4.72 

54.2 

5.64 

4.43 

IK 

l* 

81.8 

9.37 

7.37 

63.5 

7.28 

5.72 

59  6 

6.82 

6  37 

IN 

IK 

89.3 

11.2 

8.77 

69.8 

8.65 

6.80 

65.0 

8.12 

6.38 

IK 

IK 

96.7 

13.1 

10.3 

75.1 

10.2 

7.9H 

70.4 

9.53 

7.49 

.  IK 

1* 

104. 

15.2 

11.9 

80.8 

11.8 

9.25 

75.9 

11.1 

8.68 

l* 

IX 

112. 

17  5 

13.7 

866 

13.5 

10.6 

81.3 

12.7 

9.97 

IK 

2. 

119. 

19.8 

15.6 

92.8 

15.4 

12.1 

86.7 

14.4 

11.3 

2. 

Approximate  net  prices.  Merchant  A  Co.,  617  Arch  St.,  Philadelphia,  1888. 
Copper  sheets,  Nos.  1  to  24,  26  cts.  per  lb.  Copper  ingots.  18  eta.  per  pouud.  Brass 
sheets.  No.  IS  and  heavier,  2  to  14  inches  wide,  18  eta.  per  lb. 
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Rn«r  copper  is  u«i*!ly  in  sheets  ot  2U II  y  S  It;  or  12W 

Hibovn  ijlbsHsioD     Mi  118;      HUM  tbmiiis  lionioniil  j.-.Lii :.  intent 

Sheet  lend.  Price.  Phlliidih,  1888,«bout  tfyi  eta.  per  IK 
Tfttlum  Broi,  8M  B  Fifth  M.    UmoI  nl»nditrd  wt»  lii  lbs  per    . 


WEIGHT  OF  BALLS. 
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Seamless  drawn  brass  and  copper  tubes  are  made  by  American  Tube 
Works,  Boston,  Mass.;  Ansonia  Brass  and  Copper  Co.,  Ansonia,  Conn.,  office  19  and 
21  Cliff  St.,  New  York ;  Benedict  A  Burnham  Mfg.  Co.,  Watei  bury,  Conn.,  office  13 
Murray  St.,  New  York;  Randolph  A  Clowes,  Waierbury,  Conn.,  and  Bridgeport 
Brass  Co.,  Bridgeport,  Conn.  The  following  sizes  are  kept  in  stock,  in  12  fret  lengths, 
by  Merchant  A  Co..  517  Arch  St.,  Philadelphia.  The  five  columns  signify  as  follows: 

A  =  outside  diameter  of  tube  in  inches. 

B  «—  thickness  of  side  by  Stubs'  (or  Birmingham)  gauge,  (first  column  of  table, 
page  410).  When  seamless  tubes  are  ordered  to  gauge  number,  it  is  understood  thai 
this  gauge  is  intended  unless  otherwise  specified. 

C  =-  thickness  of  sides  of  tube  io  decimals  of  an  iuch. 

D  «-  weight,  in  pounds  per  lineal  foot,  of  brass  tube  for  columns  A,  B  and  0. 
(K»r  coppery  add  one-nineteenth). 

S  —  net  price,  in  cents  per  pound,  of  brass  tube,  Philadelphia,  February,  1888. 
For  copper*  add  3  cents  per  pound. 

Tubes  will  be  furnished,  bard,  unless  ordered  annealed  or  soft. 


A 

B 
18 

C 

.049 

.11 

E 

A 

B 
13 

c 

.095 

1.68. 

S 

A 

B 

12 

c 

.109 

rj 

3.02 

E 

4 

62 

1* 

25 

24 

23 

A 

18 

.049 

.15 

47 

It 

11 

.120 

2.10 

25 

24 

10 

.134 

3.68 

23 

* 

17 

.058 

.22 

41 

11 

15 

.072 

1.40 

25 

2t 

14 

.08% 

2.44 

24 

1 

17 

.058 

.25 

39 

11 

14 

.083 

1.61 

24 

21 

12 

.109 

3.18 

23 

17 

.058 

.29 

36 

11 

13 

.095 

1.82 

24 

2t 

10 

.134 

3.87 

23 

1 

17 

.058 

.34 

35 

11 

11 

.120 

2.27 

24 

2} 

14 

.083 

2.57 

24 

16 

.065 

.42 

33 

U 

15 

.072 

1.50 

25 

2| 

12 

.109 

3.37 

23 

* 

16 

.065 

.51 

32 

1* 

14 

.083 

1.72 

24 

2* 

10 

.134 

4.07 

23 

* 

16 

.065 

.61 

31 

1* 

13 

.095 

1.96 

24 

24 

12 

.109 

3.50 

24 

l 

16 

.065 

.70 

30 

1* 

11 

.120 

2.44 

24 

24 

10 

.134 

4.26 

23 

n 

16 

.065 

.79 

30 

2 

14 

.083  1.84 

24 

3 

10 

.134 

4.46 

23 

u 

16 

.065 

.88 

27 

2 

13 

.095 

2.10 

24 

34 

10 

.134 

4.85 

23 

u 

14 

.083 

1.12 

26 

2 

10 

.134 

2.91 

23 

34 

10 

.134 

5.24 

23 

u 

11 

.120 

1.57 

26 

24 

14 

.083 

1.97 

24 
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10 

.134 

5.62 

23 

it 

15 

.072 

1.08 

27 

24 

13 

.095 

2.23 

24 

4 

10 

.134 

6.00 

24 
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14 

.083 

1.25 

26 

24 

10 

.134 

3.10 

23 

44 

10 
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6.39 

24 

i* 

11 

.120 

1.76 

26 

24 

14 

.083 

2.08 

24 

44 

10 

.134 

6.78 

25 

14 

15 

.072 

1.19 

26 

24 

13 

.095 

2.38 

24 

41 

10 

.134 

7.17 

26 

H 

14 

.083 

1.36 

25 

24 

10 

.134 

3.29 

23 

5 

10 

.134 

7.56 

27 

14 

13 

.095 

1.55 

25 

21 

14 

.083 

2.20 

24 

54 

10 

.134 

7.94 

28 

H 

11 

.120 

1.92 

25 

21 

13 

.095 

2.51 

24 

54 

10 

.134 

8.33 

29 

1* 

15 

.072 

1.29 

26 

2# 

10 

.134 

3.49 

23 

51 

10 
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8.72 

30 
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14 

.083 

1.48 

25 

24 

14  .083 

2.33 

24 
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10  .134 

9.11 

31 

Merchant  A  Co.  supply  sixes  up  to  7  inches  outside  or  inside  diameter,  and  np 
to  10  inches  inside  diameter,  of  other  gauges  as  well  as  those  given  in  the  table ; 
also  tubes  of  special  shapes,  such  as  square,  triangular,  octagonal,  etc.;  and 
bronze  tubes. 

They  al-o  have  in  stock,  in  lengths  of  12  feet,  the  following  sizes  of  seamless 
brass  and  copper  tubing,  made  of  same  outside  diameter  as  standard 
»izes  ot  Iron  piping,  so  as  to  be  used  with  the  same  fitting  as  the  iron  pipe. 

A  =  Nominal  inside  diameter  of  iron  pipe,  in  inches.  For  actual  inside  diameters 
se**  first  table  p.  405. 

B  —  Outside  diameter  of  iron  pipe,  nni  of  seamless  tube,  in  inches. 

C  *=-  Inside  diameter  of  s  araless  tube,  in  inches. 

D  —  Weight  per  foot  of 'brass  pipe,  cols.  R  and  C.   For  copper,  add  one-nineteenth. 

SS  —  Price  in  cents  per  pound  of  brass  pipe.    For  copper,  ndd  3  cents  per  pound. 
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TIN   AND  ZINC, 
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TIN  AMD  ZIBTC. 

The  pare  metal  is  called  block  tin.  When  perfectly  pure,  (which  it 
rarely  is,  being  purposely  adulterated,  frequently  to  a  large  proportion,  with  the 
cheaper  metals  lead  or  zinc,)  its  sp  grav  is  7.29 ;  and  its  weight  per  cub  ft  is  456  lbs. 
It  is  sufficiently  malleable  to  be  beaten  into  tin  foil,  only  ygVff  of  an  inch  thick. 
Its  tensile  strength  is  but  about  4600  lbs  per  sq  inch ;  or  about  7000  lbs  when  made 
into  wire.  It  melts  at  the  moderate  temperature  of  442°  Fan.  Pure  block  tin  is 
not  used  for  common  building  purposes ;  but  thin  plates  of  sheet  iron,  covered  with 
it  on  both  sides,  constitute  the  tinned  fAdtes^  or,  aa  they  are  called,  the  tin,  used  for 
covering  roofs,  rain  pipes,  and  many  domestic  utensils.    For  roofs  it  is  laid  on  boards. 

The  sheets 
of  tin  are  uni- 
ted as  shown  in 
fhieflg.  First,  sev- 
eral sheets  are 
joined  together  in 
the  shop,  end  for 
end,  as  at  tt;  by 
being  first  bent 
over,  then  ham- 
mered flat,and  then 

then  formed  into  a 
roll  to  be  carried 
to  the  roof;  a  roll 

being  long  enough  to  reach  from  the  peak  to  the  eaves.  Different  rolls  being  spread 
up  and  down  the  roof,  are  then  united  along  their  sides  by  simply  being  bent  as  at  a 
and  *,  by  a  tool  for  that  purpose.  The  roofers  call  the  bending  at  *  a  double  groove, 
or  double  lock;  aud  the  more  simple  ones  at  t,  a  single  groove*  or  lock. 

To  hold  the  tin  securely  to  the  sheeting  boards,  pieces  of  the  tin  3  or  4  ins  long, 
by  2  ins  wide,  called  cleats,  are  nailed  to  the  boards  at  about  every  18  ins  along  the 
joints  of  the  rolls  that  are  to  be  united,  and  are  bent  over  with  the  double  groove  t. 
This  will  be  understood  from  y,  where  the  middle  piece  is  the  cleat,  before  being 
bent  over.  The  nails  should  be  4-penny  slating  nails,  which  have  broader  heads 
than  common  ones.  As  they  are  not  exposed  to  the  weather,  they  may  be  of  plain  iron. 

Mnch  use  is  made  of  what  is  called  leaded  tin,  or  ternes,  for  rooting.  It  is 
simply  sheet-iron  coated  with  lead,  instead  of  the  more  costly  metal  tin.  It  is  not 
as  durable  as  the  tinned  sheets,  but  is  somewhat  cheaper. 

The  best  plates,  both  for  Uniting  and  for  ternesjare  made  of  charcoal  iron ;  which, 
being  tough,  bears  bending  better.  Coke  is  used*  for  cheaper  plates,  but  inferior  as 
regards  bending.  In  giving  orders,  it  is  important  to  specify  whether  charcoal 
plates  or  coke  ones  are  required  ;*  also  whether  tinned  plates,  or  ternes. 

Tinned  aud  leaded  sheets  of  Bessemer  and  other  cheap  steel,  are  now  much  need. 
They  are  sold  at  about  the  price  of  charcoal  tin  aud  terne  plates. 

There  are  also  in  use  for  roofing,  certain  compouud  metals  which  resist  tarnish 
better  than  either  lead,  tin,  or  zinc;  but  which  are  so  fusible  as  to  be  liable  to  be 
melted  by  large  burning  ciuders  falling  on  the  roof  from  a  neighboring  conflagration. 

A  roof  covered  with  tin  or  other  metal  should,  if  possible,  slope  not  much  less  than 
five  degrees,  or  about  an  inch  to  a  foot;  and  at  the  eaves  there  should  be  a  sudden 
full  iuto  the  rain-gutter,  to  prevent  rain  from  backing  up  so  as  to  overtop  the  double- 
groove  joint  *,  and  thus  cause  leaks.  Where  coal  is  used  for  fuel,  tin  roofs  should 
receive  two  coats  of  paint  when  firsf  put  up,  and  a  coat  at  every  2  or  3  years  after. 
Where  wood  only  is  used,  this  is  not  necessary  (  and  a  tin  roof,  with  a  good  pitch, 
will  last  20  or  30  years,  f 

Two  good  workmen  can  put  on,  and  paint  outside,  from  250  to  300  sq  ft  of  tiu  roolj 
per  day  of  8  hours.  ■ 

Tinned  iron  plates  are  sold  by  the  box.  These  boxes,  unlike  glass,  have  not  equal 
areas  of  coutents.  They  may  be  designated  or  ordered  either  bj>  their  names  or 
sizes.  Many  makers,  however,  have  their  private  brand*  in  addition;  and  some  of 
these  have  a  much  higher  reputation  thau  others.    See  table  of  sizes,  etc.,  p.  410. 

*  Prices,  Phila,  1888.  Tinned  plates,  charcoal.  IC  — 10  x  14  and  14  x  80,  the  staadardaisesXaee 
table,  p  41V)  $5.60  to  $10  per  box  of  112  Its,  according  to  grade.  Coke,  IC  — 14  X  »,  So  U»  S5.50. 
Rooting  ternes,  10  — 14  x  20,  $4.60  to $7  50.  IC,  SO  X  ».**  to  $15  per  box  of  W4  J»s.  Wai.  P.  PotU, 
8on  &  Co,  Vtlb  Market  St,  Phila;  Hall  k  Carpenter,  709  Market  St ;  Merchant  4  Co,  Hi  Arch  Bu 

t  The  eoat  Of  tin-roof!  Its;,  so-called,  but  actually  ternes,  1q  Philadelphia,  1886,  is  about  1 
or  8  cts  per  sq  ft  of  roof,  including  ternes,  all  la  bor,  and  one  coat  of  paint  on  each  sidt.  It  is  often  laid  on 
old  shiugle  roofs.  Galvanised  iron  rain  WACor-plpes,  8  ins  dhun,  about  20  cts  per  ft  ran, 
put  up. 
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BOARD   MEASURE. 


'  BOAED  MEASURE. 


Remark  on  following  table.  The  table  extends  to  12  ins  by  24  ins,  bat 
It  is  easy  to  find  for  greater  sizes ;  thus,  for  example,  the  board  measure  in  a  piece  of  19  by  22,  will 
be  twice  that  of  a  piece  of  19  by  11,  or  17.42  X  2  =  34.84  ft  board  nieas ;  or  that  of  19}$  by  22,  will  be 
that  of  10K  by  22  added  to  that  or  9  by  22,  or  18.79  +  16.50  =  35.29.  A  foot  of  board  meas  Is  equal  to 
I  foot  square  and  1  inch  thick,  or  to  144  cab  ins.    Hence  I  cub  ft  =  12  ft  board  meas. 


a* 

Feet  of  Board  Measure  contained  in  one  running  foot  of  Scantlings 

at 

of  different  dimensions 

.    (Original.) 

si 

1000  ft  board 

measure: 

=  83*  cab  A. 

$s 

V  O 

TH 

ICKNBSS  IK  INCHES. 

. 

*°2 

1 

IX 

IX 

\% 

2 

IX 

iX 

*H 

3 

FLBdJf. 

FtBiM. 

PtBd.M. 

PtBd.M. 

FLB&.M. 

Ft.Bd.li. 

PtBd.M. 

Ft.Bd.lf. 

FtBd-M. 

H 

.0208 

.0260 

.0313 

.0365 

.0417 

.0469 

.0521 

.0573 

.0625 

X 

X 

H 
1. 

X 

.0417 

.0521 

.0625 

.0729 

.0633 

.0938 

.1042 

.1146 

.1250 

H 

.0625 

.0781 

.0938 

.1094 

.1250 

.1406 

.1563 

.1719 

.1875 

l. 

.0833 

.1042 

.1250 

.1458 

.1667 

.1875 

.2083 

.2292 

.2500 

X 

.1042 

.1302 

.1563 

.1823 

.2083 

.2344 

.2604 

.2865 

.3125 

X 
X 
H 

2. 

X 

.1250 

.1563 

.1875 

.2188 

.2500 

.2813 

.3125 

.3438 

.3750 

H 

.1458 

.1823 

.2187 

.2552 

.2917 

.3281 

.3646 

.4010 

.4375 

9. 

.1667 

.2083 

.2500 

.2917 

.3333 

.3750 

.4166 

.4583 

.5000 

X 

.1875 

.2344 

.2813 

.3281 

.3750 

.4219 

.4688 

.5156 

.5625 

H 

X 

.2083 

.2604 

.3125 

.3646 

.4167 

.4688 

.5208 

.5729 

.6250 

H 

.2292 

.2865 

.3438 

.4010 

.4583 

.5156 

.5729 

.6302 

.6875 

s. 

.2500 

.3125 

.3750 

.4375 

.5000 

.5625 

.6250 

.6875 

.7500 

X 

.2708 

.3385 

.4063 

.4739 

.5416 

.6094 

.6771 

.7448 

.8125 

3 
H 
4. 

X 

.2917 

.3646 

.4375 

.5104 

.5833 

.6563 

.7292 

.8021 

.8750 

H 

.3125 

.3906 

.4689 

.5469 

.6250 

.7031 

.7813 

.8594 

.9375 

4. 

.8333 

.4167 

.5000 

.5833 

.6667 

.7500 

.8333 

.9167 

1.000 

X 

.3542 

.4427 

.5312 

.6198 

.7083 

.7969 

.8854 

.9740 

1.063 

X 
X 
H 
5. 

X 

.3750 

.4688 

.5625 

.6563 

.7500 

.8438 

.9375 

1.031 

1.125 

H 

.8958 

.4948 

.5938 

.6927 

.7917 

.8906 

1M3QA 

1.086 

1.188 

6. 

.4167 

.5208 

.6250 

.7292 

.8333 

.9375 

1.043 

1.146 

1.250 

X 

.4375 

.5469 

.6563 

.7656 

.8750 

.9844 

1.094 

1.203 

1.313 

X 
X 
H 

6. 

X 

.4583 

.5729 

.6875 

.8020 

.9167 

1.031 

1.148 

1.260 

1.375 

H 

.4793 

.6990 

.7188 

.8385 

.9583 

1.078 

1.198 

1.318 

1.438 

6* 

.5000 

.6250 

.7500 

.8750 

1.000  . 

1.125 

1.250 

1.375 

1.500 

H 

.5208 

4510 

.7813 

.9115 

1.042 

1.173 

1.302 

1.432 

1.563 

X 

H 
H 
7. 

X 

.5417 

.6771 

.8125 

.9479 

1.083 

1.219 

1.354 

1.490 

1.625 

H 

.5625 

.7031 

.8438 

•von 

1.125 

1.266 

1.408 

1.547 

1.688 

1. 

.5833 

.7292 

.8750 

1.021 

1.167 

1.312 

1.459 

1.604 

1.750 

8 

.6042 

.7552 

.9063 

1.057 

1.208 

1.359 

1.510 

1.681 

1.813 

X 
X 

8* 

.6230 

.7813 

.9375 

1.094 

1.250 

1.406 

1.563 

1.719 

1.875 

H 

.6458 

.8073 

.9888 

1.130 

1.292 

1.453 

1.615 

1.776 

1.938 

8. 

.6667 

.8333 

1.000 

1.167 

1.333 

1.500 

1.667 

1.833 

2.000 

8 

.6875  i 

.8594 

1.061 

1.203 

1.875 

1.547 

1.719 

1.891 

2.083 

8 

.7083 

.8854 

1.063 

1.240 

1.417 

1.594 

1.771 

XaVvO 

2.125 

H 

.7292 

.9114 

1.094 

1.276 

1.458 

1.641 

1.823 

3.005 

2.188 

9. 

.7500 

.9375 

1.125 

1.313 

1.500 

1.688 

1.875 

2.062 

2.250 

X 

.7708 

.9835 

1.156 

1.3(9 

1.542 

1.734 

1.927 

2.120 

2.313 

X 
X 
H 

10. 

X 

.7917 

.9895 

1.186 

1.385 

1.583 

1.781 

1.979 

2.177 

2.375 

H 

.8125 

1.016 

1.219 

1.422 

1.625 

1.828 

2.031 

2.234 

2.438 

10. 

.8333 

1.042 

1.250 

1.458 

1.667 

1.875 

2.083 

2.292 

2.500 

8 

.8542 

1.068 

1.281 

1.495 

1.708 

1.922 

2.135 

2.349 

2.563 

X 
X 

11* 

.8750 

1.094 

1.313 

1.531 

1.750 

1.969 

2.188 

2.406 

2.625 

H 

.8958 

1.120 

1.344 

1.568 

1.792 

2.016 

2.240 

2.463 

2.688 

11. 

.9167 

1.146 

1.375 

1.604 

1.833 

2.083 

2.292 

2.521 

2.750 

X 

.9375 

1.172 

1.406 

1.641 

1.875 

2.109 

3.344 

2.578 

2.813 

3 

X 

.9583 

1.198 

1.438 

1.677 

1.917 

2.156 

2.898 

2635 

2.876 

H 

.9792 

1.224 

1.469 

1.714 

1  958 

2.203 

2.448 

2.693 

2.938 

x 

12. 

1.000 

1.250 

1.500 

1.750 

2.000 

2.250 

2.500 

2.750 

3.000 

12. 

X 

1.042 

1.302 

1.563 

1.823 

2.083 

2.344 

2.604 

2.865 

3.125 

U 

13. 

1.083 

1.354 

1.625 

l.o9tr 

2.167 

2.438 

2.708 

2.979 

3250 

13. 

X 

1.125 

1.406 

1.688 

1.969 

2.250 

2.531 

2.818 

8.084 

3.375 

x 

14. 

1.167 

1.458 

1.750 

2.042 

2333 

2.625 

2.917 

3.208 

3.500 

14. 

X 

1.208 

1.510 

1.813 

2.115 

2.417 

2.719 

3.021 

3.322 

3.625 

is* 

15. 

1.250 

1.563 

1.875 

2.188 

2.500 

2.813 

3.12ft 

3.438 

3.750 

X 

1.292 

1.615 

1.938 

2.260 

2.583 

2.908 

3.229 

3.553 

3.675 

x 

16. 

1.333 

1.667 

2.000 

2.333 

2.667 

3.000 

3.333 

3.667 

4.000 

16. 

X 

1.375 

1.719 

2.063 

2.406 

2.750 

3.094 

3.438 

3.781 

4.125 

x 

17. 

1.417 

1.771 

2.125 

2.479 

2.833 

3.188 

3.542 

3.896 

4.250 

17. 

X 

1.458 

1.823 

2.187 

2.552 

2.917 

3.2R1 

3.646 

4.010 

4.375 

x 

18. 

1.500 

1.875 

2.250 

2.625 

8.000 

3.375 

3.750 

4.12S 

4.500 

18. 

19. 

1.583 

1.979 

2.375 

2.771 

3.167 

3.563 

3.958 

4.354 

4.750 

19. 

20. 

1.667 

2.083 

2.500 

2.917 

3.333 

3.750 

4.167 

4.583 

5.000 

30. 

21. 

1.750 

2.188 

2.625 

3.063 

3.500 

3.938 

4.37ft 

4  812 

5.259 

21. 

22. 

1.833 

2.292 

2.750 

3.208 

3.667 

4.125 

4.883 

5.043 

5.500 

22. 

23. 

1.917 

2.398 

2.875 

3.354 

3.833 

4.S1S 

4.792 

ft.  270 

5.756 

23. 

Si. 

2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.080 

5.500 

6.009 

~ 
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Table  of  Board  Measure— (Cod tinned.) 


5* 

3d 
to 


* 
* 
* 
1. 

* 
H 
H 

2. 

* 
* 
* 
3. 

S 

* 
4. 

* 
* 
* 
5. 


51 


6. 


8 

« 


7. 


8 

* 


9. 


* 


10. 


* 
* 

* 


u. 


* 

* 


12. 


* 


13. 


14. 

J 
15. 

) 
16. 


* 
1. 

* 
* 


* 
17. 

re. 

19. 
20. 
21. 
22. 
23. 
24. 


Feet  of  Board  Measure  contained  in  one  running  foot  of  Scantlings 
of  different  dimensions.    (Original.) 


THICKNESS  IN  INCHES. 

10 

10* 

10* 

io* 

11 

1     UK 

H* 

UK 

FtBd-M. 

FtBd-M. 

Ft.Bd.M- 

Ft  Bd.M. 

FtBd-M. 

PtBd-M. 

PtBd-M. 

Pt-Bd-M. 

.2083 

.2135 

.2188 

.2240 

.2292 

.2344 

.2396 

.2448 

.4167 

.4271 

.4375 

.4479 

.4583 

.4688 

.4792 

.4896 

.6250 

.6406 

.6563 

.6719 

.6875 

.7031 

.7188 

.7344 

.8333 

.8542 

.8750 

.8958 

.9167 

.9375 

.9583 

.9792 

1.042 

1.068 

1.094 

1.120 

1.146 

1.172* 

1.198 

1.224 

1.250 

1.821 

1.313 

1.344 

1.375 

1.406 

1.438 

1.469 

1.158 

1.495 

1.531 

1.568 

1.604 

1.641 

1.677 

1.714 

1.667 

1.708 

1.750 

1.792 

1.833 

1.875 

1.917 

1.958 

1.875 

1.922 

1.969 

2.016 

2.063 

2.109 

2.156 

2.203 

2.083 

2.135 

2.188 

2.240 

2.292 

2.344 

2.396 

2.448 

2.2»2 

2.349 

2.406 

2.464 

2.521 

2.578 

2.635 

2.693 

2.500 

2.563 

2.625 

2.688 

2.750 

2.813 

2.675 

2.938 

2.708 

2.776 

2.844 

2.911 

2.979 

3.047 

3.115 

3.182 

2.917 

2.990 

3.063 

3.135 

3.208 

3.281 

3354 

3.427 

3.125 

3.203 

3.281 

3.359 

3.438 

3.516 

3.594 

3.672 

3.333 

3.417 

3.500 

3.583 

3.687 

3.750 

3.833 

3.917 

3.542 

3.630 

3.719 

3.807 

3»89o 

3.984 

4.073 

4.161 

3.750 

3.844 

3.938 

4.031 

4.125 

4.219 

4.313 

4.406 

3.958 

4.057 

4.156 

4.255 

4.354 

4.453 

4.552 

4.651 

4.167 

4.271 

4.375 

4.479 

4.583 

4.688 

4.791 

4*o9o 

4.375 

4.484 

4.594 

4.703 

4.813 

4.922 

5.031 

5.141 

4.583 

4.698 

4.813 

4.927 

5.042 

5.156 

5.270 

5.885 

4.792 

4.911 

5.031 

5.151 

5.271 

5.391 

5.510 

5630 

5.000 

5.125 

5.250 

5.375 

5.500 

5.625 

5.750 

5.875 

5.208 

5.339 

5.469 

5.599 

5.729 

5.859 

5.990 

6.120 

5.417 

5.552 

5.688 

5.823 

5.958 

6.094 

6.229 

6.365 

5.625 

5.766 

5.906 

6.047 

6.188 

6.328 

6.469 

6.609 

5.833 

5.979 

6.125 

6.271 

6.417 

6.563 

6.708 

6.854 

6.042 

6.193 

6.344 

6.495 

6.646 

6.797 

6.948 

7.099 

6.250 

6.406 

6.563 

6.719 

6.875 

7.031 

7.188 

7.314 

6.458 

6  620 

6.781 

6.943 

7.104 

7.266 

7.427 

7.589 

6.667 

6.833 

7.000 

7.167 

7.333 

7  500 

7.667 

7.833 

6.875 

7.047 

7.219 

7.391 

7.563 

7.734 

7.906 

8.078 

7.083 

7.260 

7.438 

7.615 

7.792 

7.969 

8.146 

8-323 

7.292 

7.474 

7.656 

7.839 

8.021 

8.203 

8.385 

8.568 

7.500 

7.688 

7.875 

8.068 

9.250 

8.438 

8.625 

8.813 

7.708 

7.901 

8.094 

8.286 

8.479 

8.672 

8.865 

9.057 

7.917 

8.115 

8.313 

8.510 

8.709 

9.906 

9.104 

9.302 

8.125 

8.328 

8.531 

8.734 

8.939 

9.141 

9.344 

9.547 

8.333 

8.542 

8.750 

8.958 

9.167 

9.875 

9.583 

9.792 

8.542 

8.755 

8.969 

9.182 

9.396 

9.609 

9.823 

10.04 

8.750 

8.969 

9.188 

9.406 

9.625 

9.844 

10.06 

10.28 

8.958 

9.182 

9.406 

9.630 

9.854 

10.08 

10.30 

10.53 

9.167 

9.396 

9.625 

9.854 

10.08 

10  31 

10.54 

10.77 

9-375 

9>oU9 

9.844 

10  08 

10.31 

10.65 

10.78 

11.02 

9.583 

9.823 

10.06 

10.30 

10.54 

10.78 

11.02 

11.26 

9.792 

10.04 

10.28 

10.53 

10.77 

11.02 

11.26 

11.61 

10.00 

10.25 

10.50 

10.75 

11.00 

11.25 

11.60 

11.75 

10.42 

10.68 

10.94 

11.20 

11.46 

11.72 

11.98 

12.24 

10.83 

11.10 

11.38 

11.65 

11.92 

12.19 

12.46 

12.73 

11.25 

11.53 

11.81 

12.09 

12.38 

12.66 

12.94 

13.22 

11.67 

11.96 

12.25 

12.54 

12.83 

13.13 

13.42 

13.71 

12.08 

12.39 

12.69 

12.99 

13.29 

13.59 

13.90 

14.20 

12.50 

12.81 

13.13 

13.44 

13.75 

14.06 

14.38 

14.69 

12.92 

13  24 

13.56 

13.89 

14.21 

14.53 

14.85 

1518 

13.33 

13.67 

14.00 

14.33 

14.67 

15.00 

1533 

15.67 

13.75 

14.09 

14.44 

14.78 

15.13 

15.47 

15.81 

1616 

14.17 

14.52 

14.88 

15  23 

15.58 

15.94 

16.29 

16.65 

14.58 

14.95 

15.31 

15.77 

16.04 

16.41 

16.77 

17.14 

15.00 

15.38 

15.75 

16.13 

16.50 

1688 

17.25 

17.63 

15.83 

16.23 

16.63 

17.02 

17.42 

17.81 

18.21 

I860 

16.67 

17.08 

17.50 

17.92 

18.33 

18.75 

19.17 

19.58 

17.50 

17.94 

18.38 

18.81 

19.25 

19.69 

20.13 

20.56 

18.38 

18.79 

19.25 

19.71 

20.17 

20.63 

21.08 

21.54 

19.17 

19.65 

20.13 

20.60 

21.08 

21.56 

22.04 

22.62 

20.00 

20.50 

21.00 

21.50 

22.00 

22.50 

23.00 

23.50 

12 


Ft  Bd.M. 

.2500 
.5000 
.7500 
1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
2.500 
2.750 
3.000 
3.250 
3.500 
3.750 
4.000 
4.250 
4.500 
4.750 
5.000 
5.250 
5500 
5.750 
6.000 
6.250 
6.500 
6.750 
7.000 
7.250 
7.500 
7.750 
8.000 
8.250 
8.500 
8.750 
9.000 
9.250 
9.500 
9.750 

10.00 

10.25 

10.50 

10.75 

11.00 

11.25 

11.50 

11.75 

12.00 

12.50 

13.00 

13.50 

14.00 

14.60 

15.00 

15.50 

16  00 

16.50 

17.00 

17.50 

18.00 

1900 

20.00 

21.00 

22.00 

23.09 

24.00 
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PRESERVATION  OF  TIMBER. 

Art.  1.  (a)  The  decay  of  timber  is  caused  by  the  fermentation  of  its 
sap.  If  dry  air  circulates  freely  about  the  sides  and  ends  of  the  sticks,  the  sap 
evaporates.  If  air  is  excluded,  as  when  timber  is  kept  constantly  and  entirely 
immersed  in  salt  or  fresh  water,  the  sap  cannot  ferment.  In  either  case  timber 
may  resist  decay  for  centuries.  Sap,  confined  in  timber  with  air,  ferments,  pro- 
ducing dry  rot;  as  where  beams  are  enclosed  air-tight  in  brickwork  etc  ;  and 
where  green  timber  is  painted  or  varnished,  or  treated  with  creosote  etc.  The 
sap  then  not  only  prevents  the  thorough  penetration  of  the  oil  etc,  but  may 
cause  the  greater  part  of  the  wood  to  rot  although  its  firm  outer  shell  gives  it  a 
deceptive  appearance  of  strength,  (b)  Sap  should  therefore  be  first  removed  by 
seasoning?;  i  e,  either  by  drying  the  wood  in  air  at  natural  or  higiier  tem- 
peratures, or  by  first  steaming  the  wood  under  pres  so  as  to  vaporize  the  sap, 
and  then  removing  the  latter  by  means  of  a  vacuum.  Thorough  seasoning  of 
large  timbers  in  dry  air  at  ordinary  temperatures  may  require  years;  and  too 
rapid  kiln-drying  cracks  and  weakens  the  wood.  But  it  is  questionable  whether 
steaming  and  vacuum  remove  sap  as  thoroughly  as  do  the  slower  dry  processes, 
(e)  Alternate  exposure  to  water  and  air  is  very  destructive.  It  causes  wet  rot. 

Art.  2.  Sea-worms.  The  limnoria  terebrans  works  from,  near  high-water 
mark  to  a  little  below  the  surface  of  mud  bottom ;  the  teredo  navalls  within  some- 
what less  limits.  The  teredo  is  said  to  be  rendered  less  active  by  the  presence 
of  sewage  in  water. 

Art.  3.  (a)  The  best  timber-preserving  processes  are  practically  useless 
nnless  thoroughly  well  done.  If  the  gain  in  durability  will  not  war- 
rant the  expenditure  of  time  aud  money  read  for  this,  it  is  more  economical  to 
use  the  wood  in  its  natural  state,    (b)  The  woods  best  adapted  to 

treatment  are  those  of  an  open  or  porous  texture,  as  hemlock  etc.  They  ab- 
sorb the  oil  etc  better  than  the  denser  woods;  and  their  cheapness  renders  the 
use  of  the  treatment  more  economical,  (c)  Most  of  the  processes  in  common 
use  seem  to  render  wood  less  combustible,  (d)  After  treatment  by  any  process, 
the  wood  should  be  well  dried  before  using. 

Art.  4.  (a)  Creosote  oil,  or  dead  oil,  is  the  best  known  preservative. 
Against  sea-worms  it  is  effective  for  at  least  25  years,  and  is  the  only  known  pro- 
tection, (b)  As  temporary  expedients,  piles  are  sometimes  covered  with  sheet 
metal  or  with  broad-headed  nails  driven  close  together.  These  rust  or  wear 
away  in  a  few  years.  Oak  piles,  cut  in  January,  and  driven  with  the  bark  on, 
have  resisted  the  teredo  for  4  or  5  years ;  and  cypress  piles,  well  charred,  for  9 
years,  (c)  For  ordinary  exposures  on  land,  8  to  10  lbs  of  creosote  oil,  per  cub 
ft  are  reqd  =  say  670  to  830  ftw  per  1000  ft  board  measure  =  30  to  40  lbs  per  cross 
tie  of  4  cub  ft.  For  protection  against  sea-worms  10  to  12  Jbs  per  cub  ft  suflace  in 
climates  like  those  of  Great  Britain  aud  the  Northern  U.S.;  but  in  warmer 
waters  where  the  teredo  is  very  active,  from  14  to  20  lbs  per  cub  ft  are  used. 
Large  timbers  may  not  require  saturation  throughout,  and  thus  may  take  less 
per  cub  ft.  But  see  (i)  and  end  of  Art.  1  (a),  (d)  Creosote  oil  weighs  about 
8.8  lbs  per  U.  8.  gallon.  Its  cost  (1888)  is  about  1  ct  per  ft> :  that  of  the  process, 
applied  to  pine  and  similar  woods,  including  oil,  from  16  cts  per  cub  ft  of  tim- 
ber for  10  &s  of  oil  per  cub  ft,  to  30  cts  per  cub  ft  for  18  lbs  per  cub  ft.  Special 
prices  for  hard  wood.  See  (j).  It  is  cheaper  in  England,  (e)  The  sticks  should 
be  reduced  to  their  intended  final  dimensions  and  framed  (if  framing  is  reqd) 
before  treatment :  especially  if  for  exposure  to  teredo,  which  is  sure  to  attack 
any  spots  which  (as  by  subsequent  cutting)  are  left  unprotected,  (f)  Creosoted 
ties  have  remained  sound  after  22  years'  exposure.  The  creosote  protects  the 
spikes  from  rusting,  (g)  Spruce,  owing  to  its  irregular  densitv,  is  unsuitable 
for  creosoting.  (hi  Creosote  renders  wood  stiffer  and  slightly  more  brittle.  In 
hot  weather  it  exudes  to  some  extent  and  discolors  the  wood.  Its  smell  excludes 
it  from  dwellings,  (i)  It  does  not  wash  out  from  the  wood,  but  often  fails  to 
penetrate  the  heart-wood.  Then,  if  any  sap  remains,  decay  begins  at  the  cen- 
ter. See  end  of  Art  1  (a).  Burnettizing  the  cen  of  the  stick  (see  Art  7)  and  us- 
ing a  coatir ~ -" " A-J"-  «--»--»  -  - 

method. 

creosote  

by  the  Eppinger &  Russell  Creosoting  Works,  onlce' 160  Water  St/ftew  York. 
Their  arrangements  are  such  that  the  process  can,  if  desired,  be  confined  to  a 
portion  of  the  length  of  the  stick.  For  their  prices  see  (d).  The  Carolina  Oil  A 
Creosote  Co,  Wilmington  N.  C.  treat  timber  with  creosote  oil  obtained  from 
wood. 
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Art.  5.  (a)  Mineral  solutions  are  inferior  to  creosote,  even  on  land ; 
and  useless  in  running  water  or  against  sea-worms;  but  they  approximately 
double  the  life  of  inferior  timber  under  ordinary  land  exposures;  and  their 
cheapness  permits  their  use  where  that  of  creosote  is  too  expensive.  (b)  They 
render  wood  harder;  and  brittle  if  the  solution  is  too  strong.  Tbey  are  liable 
to  be  washed  out  by-  rain  etc.  Hence  the  outer  wood  decays  first.  See  Art  4  (i) 
Art  8  (b)  (c)  (d).  (c)  A  committee  of  the  American  Soc  of  Civ  Engrs,*  after  col- 
lating a  large  number  of  experiments,  recommended  Burnettisine  (Art  7) 
for  damp  exposure,  as  that  of  cross  ties,  damp  floors  etc ;  and  Hyanis- 
imr  (Art  6)  for  comparatively  dry  situations  with  exposure  to  air 
ana  sun-light,  as  in  bridge  timbers,  tor  which  it  is  better  suited  than  Burnettiz- 
iug  because  it  seems  to  weaken  wood  less,  in  such  exposures  it  preserves  wood 
for  '20  to  30  years. 

Art.  6.  (a)  Kyanisins;  consists  in  steeping  the  wood  in  a  warm  solu- 
tion of  1  lb  of  bi-chloride  of  mercury  (corrosive  sublimate)  in  100 

lbs  of  water,  (b)  It  is  usual  to  allow  the  wood  to  soak  a  day  for  each  inch  of  the 
thickness,  or  least  dimension,  of  the  piece,  and  one  day  in  addition,  whatever 
the  size,  (c)  With  ttie  sublimate  at  70  cts  per  fi>  (1884)  and  4  to  6  lbs  per  1000  ft 
bm,  it  costs  about  $7  per  1000  ft  bin,  or  8}  cts  per  cub  ft,  or  34  cts  per  tie  of  4 
cub  ft.  (d)  Gen'l  Cram  found  the  process  very  unhealthy,  " salivating  all 
tiie  men'' ;  but  Mr.  J.  B.  Francis,  at  Lowell,  aud  Mr.  H.  Bissell  of  the  Eastern 
R.  R.  of  Mass,  had  little  or  no  trouble  in  this  respect.  The  sublimate,  however, 
which  is  very  poisonous,  is  apt  to  effloresce,  and  the  use  of  the  timber  is  thus 
rendered  dangerous,  (e)  The  wood  decays  sooner  under  than  above  ground; 
but  spruce  ties,  kyanized  in  1840,  were  perfectly  sound  in  1855.  The  sublimate 
readily  washes  out,  and  the  process  is  therefore  unsuitable  for  damp  situations. 
It  is  carried  on  by  the  Proprietors  of  the  Locks  and  Canals  on  Merrimac 
River,  at  Lowell,  Mass. 

Art.  7.  (a)  Burnettising  consists  in  immersing  the  wood  for  several 
hours  in  a  solution  of  2  lbs  chloride  of  sine  in  100  lbs  of  water,  under  a 
pres  of  from  100  to  300  lbs  per  sq  inch,  (b)  It.  seems  to  render  wood  more  brit- 
tle than  kyanizing,  and  is  therefore  less  adapted  for  timbers  bearing  tensile  or 
transverse  strain.  Spikes  rust  away  rapidly  in  Burnettized  ties,  (c)  It  costs 
(1888)  about  $5  per  1000  ft  bm  —'6  cts  per  cub  ft  —  2d  cts  per  tie  of  4  cub  ft. 

Art.  8.  Other  preventives,  (a)  Steeping  in  a  solution  of  sulphate 
of  copper  (blue  vitriol)  has  been  extensively  used,  but  does  not  seem  to 
have  been  permanently  successful.  The  blue  vitriol  washes  out  readily,  (b) 
In  the  Thilmany  process,  as  practised  by  the  Wisconsin  Wood  Preserv- 
ing Co.,  Milwaukee,  Wis.,  the  timber  is  first  steamed.  The  steam  and  air  are 
then  exhausted  by  an  air-pump,  after  which  are  injected  first  a  solution  of  sul- 
phate of  copper  (blue  vitriol)  or  of  sulphate  of  zinc  (white  vitriol)  and  then  one 
of  chloride  of  barium,  both  under  pressure.  It  is  claimed  that  this  tills  the  pores 
with  insoluble  sulphate  of  baryta.  Railroad  ties  require  about  12  hours.  Cost, 
about  20  cents  per  tie,  or  from  #4  to  $5  per  1000  feet,  board  measure,  (c)  The 
Wellhouse  process,  as  employed  by  the  Chicago  Tie  Preserving  Co., 
injects  first  a  solution  of  chloride  of  zinc  with  glue,  and  then  one  of  tannin 
(both  under  pres),  in  order  to  diminish  the  subsequent  washing  out  of  the 
chloride.  The  process  costs  (1888)  about  $7  per  1000  ft  bin  ■=  say  8  cts  per  cub 
ft.  It  is  not  recommended  for  sub-aqueous  use.  (d)  The  "Gypsum  pro- 
cess" of  the  American  Wood  Preserving  Co.  of  St  Louis  Mo  uses  gypsum  and 
chloride  of  zinc  in  order  to  retain  the  latter  more  perfectly.  The  wood  is  then 
kiln-dried,  (e)  Fence-posts  etc  seem  to  be  preserved  to  some  extent  by  having 
onlv  their  Imoer  ends  dipped  in  tar  well  boiled  to  remove  the  ammonia,  which 
last  is  destructive  to  wood.  The  upper  end  must  be  left  uu  tar  red  to  let  the  sap 
evaporate,  (f )  Attempts  at  wood  preservation  by  means  of  vapor  of  creo- 
sote etc  have  proved  failures,    (g)  While  wood  is  thoroughly  saturated  with 


petroleum  it  does  not  decay.  But  unless  the  supply  is  kept  up  the  oil 
evaporates  and  leaves  the  wood  unprotected,  (h)  Cottonwood  ties  laid  upon  a 
soil  containing  about  2  per  cent  carbonate  of  lime,  1  per  cent  salt  and  }  per 
cent  each  of  potash  and  oxide  of  iron,  on  the  Union  Pacific  R.  R.  in  1868.  were 
found  in  1882  "as  sound  and  a  good  deal  harder  than  when  first  laid," although 
such  ties  in  other  soils  listed  but  from  2  to  5  years,  (i)  The  use  of  solutions  of 
lime  and  of  salt;  and  charring  the  surface;  are  sometimes  found  useful 
in  damp  situations. 

•  See  Transactions,  July,  Aug  and  Sept  18P5,  to  which  we  are  indebted  for  many  of  the  above  sug- 
gestions. 
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Price  of  lumber,  Philadelphia  1888 ;  Spruce  joists,  $20  to  $24  per  1000  feet 
board  measure.  Hemlock  joists,  $13  to  $16.  Yellow  pine  floor  boards,  $20  to  $35. 
White  pine  boards,  $18  to  $50,  according  to  quality,  degree  of  seasoning,  Ac.  Sawed 
white  pine  timbers,  $28  to  $35.  Heart  ytllow  pine,  $20  to  $35.  Hemlock,  $16  to  $20. 
tiiilingham,  Garrison  &  Co.,  943  Richmond  Street 

Boards  of  oak  or  pine,  nailed  together  by  from  4  to  16  tenpenuy 
common  cut  nails,  and  then  pulled  apart  in  a  direction  lengthwise  of  the  boards, 
and  across  the  nails,  tending  to  break  the  latter  in  two  by  a  shearing  action,  required 
about  300  to  400  lbs.  per  nail  to  separate  them,  aa  the  average  of  many  trials. , 


TABLE  OF  CUT  HAULS. 

Base    price,  Philadelphia,  1888,  about  $2.10    per   keg  containing  100 
»'  Kxtras"  adopted  by  Atlantic  States  Nail  Association,  February  9th,  1888. 


Ibs.« 


Name. 


Length, 
laches. 


Number 

«.f  Nail* 

per  0>. 


Extra  over 

base  price. 

cts.  per  keg. 


Name. 


Length. 
Inches. 


Nnraber 

of  Nails 

per  ft. 


Extra  over 

base  price. 

cts.  per  keg. 


"Common."  Nails. 


2  penny 


3 
3 

4 
5 
G 
7 
8 


fine 


u 


1 

716 

V/b 

626 

i{4 

440 

VA 

300 

m 

210 

2 

163 

2H 

123 

93 

225 
175 
150 
75 
75 
50 
50 
25 


10  penny 

12     ♦* 

20 

30 

40 

50 

60 


u 

{4 
it 
U 
ti 


3 

66 

3'4 

50 

4 

32 

4H 

19 

5 

16 

5V2 

13 

6 

10 

0 

0 

0 

0 

2» 

25 

25 


4  penny 

5  M 

6  " 
8 


u 


Finishing  Nails. 


*H 

470 

m 

330 

2 

196 

2H 

116 

175 
175 
150 
125 


10  penny 

3 

84 

12      " 

3^ 

65 

20     « 

4 

50 

100 
100 
100 


8  penny 
4      " 


280 
200 


Slating  Nails. 


200 
125 


5  penny 

6  •« 


V 


160 
128 


Fence  Nails. 

Extras  same  as  for  corresponding' sixes  of  common  nails. 


125 
100 


2     inch,  80  per  ft). 
2%     '      66      '« 


2l4  inch,  CO  per  fl). 

2%    "      48      " 


3  inch,  40  per  lb. 


Cut  Splices,  25  cts.  per  keg  extra. 
Similar,  in  shape,  to  the  common  nails  (above)  but  somewhat  heavier. 


3  inch,  29  per  lb. 
8U    *      21      " 

4  *      15      " 
4V£    "      13      " 


5  inch,  10  per  ft>. 
b\i    "        8      « 

6  "        7      •» 


G}4  inch,  G  per  lb. 

7  **      5        •« 

8  "      334    " 


The  sizes  and  -weights  -vary  confiderably  with  different  makers.  The 
above  are  machine  made,  or  out  nails*  cut  by  machinery  from  plates  of  rolled  iron 
or  steel  Wrought  nails  are  forged  by  a  blacksmith,  or  by  machinery,  from 
rolled  iron  or  steel  rods.  Nails  cut  from  Bessemer  and  similar  steels  cost  about 
10  cunts  per  keg  more  than  the  above. 

*  Morris,  Wheeler  &  Co.  (Pottstown  Iron  Co.),  16th  and  Market  Sts.,  Philadelphia 
manufacturers. 
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PLASTERING. 


The  plasteriug  of  the  inside  walls  of  buildings,  whether  done  on  laths,  bricks,  or 
stone,  generally  consists  of  three  separate  coats  of  mortar.  The  first  of  these  is  called 
by  workmen  the  rough  or  scratch  coat;  and  consists  of  about  1  measure  of  quicklime, 
to  4  of  sand ;  (which  latter  need  not  be  of  the  purest  kind;)  and  %  measure  of  bul- 
lock or  horse  hair ;  the  last  of  which  is  for  making  the  mortar  more  cohesive,  and 
less  liable  to  split  off  in  spots.  This  coat  is  about  %  to  %  inch  thick ;  is  put  on 
roughly ;  and  should  be  pressed  by  the  trowel  with  sufficient  force  to  enter  perfectly 
between  and  behind  the  laths;  which  for  facilitating  this  should  not  be  nailed 
nearer  together  than  V^  an  inch.  Iu  rude  buildings,  or  in  cellars,  Ac,  this  is  often 
the  only  coat  used,  when  this  first  coat  has  been  left  for  one  or  more  days,  accord- 
ing to  thedryuessof  the  air,  to  dry  slightly,  it  is  roughly  scored,  or  scratched,  (hence 
its  name,)  with  a  pointed  Btick,  or  a  lath,  nearly  through  its  thickness,  by  lines  run- 
ning diagonally  across  each  other,  and  about  2  to  4  ins  apart.  This  gives  a  better 
hold  to  the  second  coat,  which  might  otherwise  peel  off.  If  the  first  coat  has  be- 
come too  dry,  it  is  well  also  to  dampen  it  slightly  as  the  second  one  is  put  on. 

The  second  coat  is  put  on  about  %  to  %  inch  thick,  of  the  same  hair  mortar,  or 
coarse  stuff.  Before  it  becomes  hard,  it  is  roughed  over  by  a  hickory  broom,  or 
some  substitute,  to  make  the  third  coat  adhere  to  it  better. 

The  third  coat,  about  "%  in°h  thick,  contains  no  hair;  and  forgiving  it  a  still 
whiter  and  neater  appearance,  more  lime  is  used,  say  1  of  lime,  to  2  of  sand ;  and 
the  purest  sand  is  used.  This  mortar  is  by  plasterers  called  stucco ;  a  name 
also  applied  to  mortar  when  used  for  plastering  the  outsides  of  buildings.  Or  in- 
stead of  stucco,  the  third  coat  may  be,  and  usually  is,  of  hard  finish,  or  gauge  stuff; 
which  consists  of  1  measure  of  ground  plaster  of  Paris,  to  about  2  of  quicklime, 
without  sand.  Hard  finish  works  easier;  but  is  not  as  good  as  stucco,  for  walls  in- 
tended to  be  painted  in  oil.    The  plaster  of  Paris  is  for  hastening  the  hardeni  ng. 

Either  of  these  third  coats  is  smoothed  or  polished  to  a  greater  or  less  extent,  according  to  whether 
it  is  to  show,  or  to  be  papered,  painted,  Ac.  The  polishing  tools  are  merely,  the  trowel ;  the  hand- 
Moat,  (a  kind  of  wooden  trowel ;)  and  the  water-brush,  (a  short-handled  brush  for  wetting  the  surface 
part  at  a  time  with  water,  in  order  to  polish  more  freely.)  For  finer  polishing,  a  float  made  of  cork 
Is  used.  The  smooth  piece  of  board  about  10  to  12  ins  square,  with  a  handle  beneath, 'on  which  the 
plasterer  holds  bis  mortar  until  he  puts  it  on  to  the  wall  with  his  trowel,  is  oalled  a  hawk. 

The  more  thoroughly  each  coat  is  gone  over  with  the  water-brush  and  trowel,  (which  process  is 
called  hand- floating,)  the  firmer  and  stronger  will  it  be.  Frequently  only  two  coats  of  plastering  are 
put  on  in  inferior  rooms ;  or  where  great  neatness  of  appearance  is  not  needed.  The  first  is  of  hair 
mortar,  or  coarse  stuff;  this  is  scratched  with  the  broom,  and  then  covered  by  the  finishing  coat  or 
finer  mortar,  (stucco.)  If  this  last  is  nearly  all  lime,  or  with  but  very  little  sand,  to  make  it  work 
easier,  it  is  called  a  clipped  coat.  Without  any  sand  it  is  called  fine  stuff.  Neither  is  as  good  as 
stucco,  if  the  wall  is  to  be  papered.  When  this  is  the  case,  the  third  coat  also  may  have  a  little  hair, 
to  give  it  more  strength  ;  but  this  is  not  absolutely  necessary. 

A  very  good  effect  may  be  produced  in  station- bouses,  churches,  Ac,  by  only  two  coats  of  plaster  In 
which  fine  clean  screened  gravel  is  used  instead  of  sand.  When  lined  into  regular  courses,  it  resem- 
bles a  buff-colored  sandstone,  very  agreeable  to  the  eye. 

In  purchasing  plastering  hair,  care  must  be  taken  that  it  has  not  been  taken  from  salted  hides ; 
inasmuch  as  the  salt  will  make  the  walls  damp.  For  the  same  cause  sea-shore  sand  should  not  be 
used.    It  is  almost  impossible  to  wash  it  entirely  free  from  salt. 

In  briok  walls  intended  to  be  plastered,  the  mortar  joints  should  be  left  very  rough,  to  let  the  plas- 
ter adhere.  If  it  Is  put  on  smooth  walls,  without  first  raking  out  the  mortar  to  the  depth  of  nearly 
an  inch,  it  is  very  apt  to  fall  off;  especially  from  outside  walls;  as  can  be  seen  daily  In  any  of  our 
cities.  As  this  raking  out  of  brick  joints  is  tedious  and  expensive,  it  would  generally  be  better  to 
use  paint  rather  than  plaster.  The  walls  should  also  be  washed  clean  from  all  dust ;  and  should  be 
slightly  dampened  as  the  plaster  in  put  on. 

To  imitate  granite  on  outer  walls :  after  the  second  or  smooth  ooat  of  plaster  is  dry,  it  receives  a 
coat  of  lime  wash,  slightly  tinted  bv  a  little  umber,  or  ochre,  Ac.  After  this  is  dry,  in  case  it  appears 
too  dark,  or  too  light,  another  may  be  applied  with  more  er  less  of  the  coloring  matter  in  it.  Finally, 
a  wash  of  lime  and  mineral-black  is  sprinkled  on  from  a  flat  brush,  to  imitate  the  black  specks  of 
granite.  By  this  simple  means,  a  skilful  workman  can  produce  excellent  imitations.  The  horizontal 
and  vertical  joints  of  the  imitation  masonry,  may  be  ruled  in  by  a  small  brush,  using  the  same  blaek 
wash,  and  a  long  straight-edge. 

The  rough  surfaces  of  all  walls  are  more  or  less  warped,  or  out  of  line ;  and  it  Is  not  possible  for 
the  plasterer  to  rectify  this  perfectly  by  ere,  as  may  be  Been  in  almost  every  house.  Keen  in  whnt 
are  called  first-class  ones,  a  quick  eye  can  generally  detect  unsightly  undulations  of  the  plastered 
surfaces. 

To  prevent  this,  the  process  of  screed  ln|r  is  resorted  to.  Screeds  are  a  kind  of 
gauge  or  guide,  formed  by  applying  to  the  first  rough  coat,  when  partly  dried,  horizontal  strips  of  the 
plasteriug  mortar,  about  8  ins  wide,  and  from  2  to  4  ft  apart  all  around  the  room-  These  are  made  to 
project  from  the  first  ooat,  out  to  the  intended  face  of  the  reoond  one ;  and  while  soft  are  carefully 
made  perfectly  straight,  and  out  of  wind  with  each  other,  by  means  of  the  plumk»ltne,  straight-edge 
Ac.  When  they  become  dry,  the  second  ooat  is  put  on,  filling  up  the  broad  horizontal  spaces  between 
them ;  and  is  readily  brought  to  a  perfectly  flat  surface,  corresponding  with  that  of  the  screeds,  by 
means  of  long  straight-edges  extending  over  two  or  more  of  the  latter. 

A  day's  work  at  plasterinfr. 

A  plasterer,  aided  by  one  or  two  laborer*  to  mix  bis  mortar,  and  to  keep  his  hawk  supplied,  can 
average  from  100  to  200  square  yards  a  day,  of  first  coat;  about  %  as  much  of  second;  and  half  as 
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much  of  third,  which  requires  more  eare.    The  amount  will  depend  upon  the  number  of  angles,  siss 
of  rooms,  whether  on  ceilings  or  on  walls,  4c,  &c. 

Gen  Gillmore's  estimate  of  cost  of  plastering;*  100  square  yard* 
with  2  or  with  3  coats.    Common  labor  $1  per  day. 


Materials. 

Three  Coats. 
Hard  finished  work. 

Two  Coats. 
Slipped  coat  finish. 

4  casks. 
H     *4 

X    " 

2000 

4  bashels. 
7  loads,  t 
2H  bushels. 
13  lbs. 
4  days. 
3  days. 

$4.00 

.85 

.70 

4.00 

.80 

2.00 

.25 

.90 

7.00 

8.09 

2.00 

&X  casks. 

2000. 

3  bushels. 

6  loads. 

13  lbs. 
3^  days. 
2  days. 

$3.33 

**           for  fine  stuff. 

4.00 

Hair 

.60 

1.80 

White  Sand 

Nails 

.90 

6.12 

2.00 

1.20 

$25.50 

$19.95 

This  amounts  to  25H  cts  per  sq  yd  for  3  coats ;  and  say  20  eta  for  2  coats.    See  Art  5,  p  674. 

Plastering:  laths  are  usually  of  split  white  or  yellow  pine,  in  lengths  of 
about  3  to  4  feet ;  and  hence  called  3  or  4  ft  laths.  They  are  about  lJi"  ins  wide,  by  &  inch  thick. 
They  are  nailed  up  horizontally,  about  H  inch  apart.  The  upright  studs  of  partitions  are  spaced  at 
suoh  distances  apart,  (generally  about  15  ins  from  center  to  center,)  that  the  ends  of  the  laths  may 
be  nailed  to  them.  Laths  are  sold  by  the  bundle  of  1000  each.  A  square  foot  of  surface  requires  1  ft 
four  feet  laths ;  or  1000  such  laths  will  cover  666  sq  ft.  Sawed  laths  may  be  had  to  order,  or  any  re- 
quired length.  A  carpenter  oan  nail  up  the  laths  for  from  40*to  60  sq  yds  of  plastering  in  a  day  of 
10  hours ;  depending  on  the  number  of  angles  in  the  rooms,  too. 


S  L  A  T  I  N  Gi     For  prices,  see  note*  p  429. 


RooFnro  slates  are  usually  from  "%  to  %  inch  thick ;  about  -^  being  a  common 
average.  They  may  be  nailed  either  to  a  sheeting  of  rough  boards  (c,  gy  in  the  flg) 
from%  to  1%  inch  thick, (which  should  be,  but  rarely  are,  tongued  and  grooved,) 


♦Average  prices  of  plastering;  in  t'lnlada,  1888,  in  cts  per  sq  yard. 

Three  coats,  including  laths,  scaffold,  Ac,  50  to  55  cts.  Two  coats.  35  to  40.  Three  coats  on  brick  or 
stone  (no  laths  reqd),  30  to  40.  Outside  plastering,  60 ;  or  if  to  imitate  marble,  75.  Simple  plaster 
cornices,  1  to  2  cts  per  inch  of  glith.  per  ft  run.    Plaster  center  flowers  for  parlors,  $5  to  $15  each 

£ut  up.    The  plastering  of  a  20-ft  front,  3-story  dwelling,  with  large  3-story  back  buildings,  $500  to 
700.    Stipulate  expreuly  to  pay  only  for  snrfaees  actually  plastered;  and  thus  avoid  extra$,  even 
If  you  have  to  pay  a  few  cts  more  per  yard. 

T  A  load  (one-horse),  both  in  the  U.  S.  and  in  England,  usually  means  a  cub  yd: 
nut  many  dealers  adopt  20  struck  bushels  ==  2ft  cub  ft  =  fully  a  ton. 
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laid  horizontally  from  rafter  to  ratter ;  or  doping,  from  purlin  to  purlin,  as  the 
may  be ;  or  to  stout  laths  ttt  about  2  to  3  ins  wide,  and  from  1  to  V£  thick,  uailed 
to  the  rafters  at  distances  apart  to  suit  the  gauge  of  the  slates.  Two  nails  are  used  to 
each  slate ;  one  near  each  upper  corner.  They  may  be  either  of  copper,  (which  is  the 
most  durable,  but  most  expensive,)  of  zinc,  or  of  either  galvanized  or  tinned  iron. 
The  last  two  are  generally  used ;  or  in  inferior  work,  merely  plain  iron  ones,  pre- 
viously boiled  in  linseed  oil,  as  a  partial  preservative  from  rust.  Rust,  however, 
sometimes  weakens  them  so  much  that  they  break ;  and  the  slates  are  blown  off  in 
high  winds,  to  the  danger  of  passers  by.  Since  good  slate  endures  for  a  long  series 
of  years,  it  is  true  economy  to  use  nails  that  are  equally  durable.  In  iron  roofs,  the 
slates,  instead  of  being  nailed  to  boards,  are  sometimes  tied  directly  to  the  iron 
purlins,  by  wire.    A  square  of  slating,  shingling,  Ac,  is  100  sq  ft. 

In  laboratories,  chemical  factories,  Ac,  subject  to  aeid  fumes,  it  is  difficult  to 

provide  a  metal  fastening  that  will  not  be  eaten  away.  In  such  cases  it  la  best  to  depend  chiefly  upon 
a  layer  of  mortar  between  the  slates.  This  will  harden  before  the  metal  fastenings  give  way  ;  and 
will  hold  the  slates  in  plaoe,  while  new  fastenings  are  being  inserted. 

The  least  pitch  considered  advisable  for  a  roof,  to  prevent  rain  or  snow  from  being  driven 
through  the  interstices  between  the  slates,  is  about  26J$°;  or  1  vert  to  3  hor;  which  corresponds  to  e 
rise  of  %  the  span  in  a  common  double  pitched  roof.  But  even  at  steeper  pitches,  rain,  and  mors 
particularly  snow,  will  be  forced  through  the  roof  by  violent  winds ;  e«j>ecia)ly  if  laths  alone  be  used, 
or  even  boarding  alone.  To  avoid  this,  a  layer  of  mortar  about  Jtf  inch  thick,  may  be  spread  over 
the  touching  surfaces  of  the  slates  if  on  laths.  If  on  boards,  the  same  process  may  be  adopted  ;  or 
the  more  common  one  of  first  covering  the  boards  with  a  layer  of  what  is  called  slating  felt;  but 
which  in  reality  is  merely  thick  brown  paper,  soaked  in  tar.  This  is  sold  in  loug  continuous  rolls, 
28  ins  wide,  and  weighing  from  40  to  60  lbs.  A  50  lb  roll  will  cover  about  2)00  sq  ft  of  roof.  With 
proper  precautions  against  the  admission  of  rain  and  snow,  a  pitch  as  flat  as  1  in  1%,  or  even  1  in 
3,  may  be  adopted. 

The  thickness  of  slate  on  a  roof  is  double;  except  at  the  laps  it.it,  Ac,  where  It  Is  triple.  The 
lap  is  measured  from  the  nail  hole  (under  Q  of  the  lower  slate,  to  the  lower  edge  or  tail,  $,  of  the 
upper  one ;  and  is  usually  about  3  insv  In  order  that  the  showing  lower  edges  of  the  slates  shall, 
when  laid,  form  regular  straight  lines  along  the  roof,  the  nail  holes  are  made  at  equal  distances  from 
said  lower  edges  ;  so  that  any  irregularity  of  length  is  concealed  from  view  at  the  hidden  heads  of 
the  slates.  The  slater  estimates  the  length  of  his  slate  from  the  nail  hole  to  the  tail :  discarding  the 
narrow  strip  between  the  nail  hole  and  the  head.  If  from  this  reduced  length  the  lap  he  deducted, 
then  one-half  of  the  remainder  will  be  the  gauge,  weathering,  or  margin,  of  the  slating;  or,  in  other 
words,  the  showing  or  exposed  width  of  the  courses  of  slates.  The  gauge  in  ins  multiplied  by  the 
width  of  a  slate  in  ins,  gives  the  area  In  sq  ins  of  finished  roof  covered  by  a  single  slate ;  and  if  144 
(the  sq  ins  in  a  sq  foot)  he  divided  by  this  area,  the  quotient  will  be  the  number  of  slates  required  per 
sq  ft  of  roof.    The  upper  side  of  a  slute  is  called  its  back;  the  lower  one,  its  bed. 

Slating,  like  shingling,  must  evidently  be  commenced  at  the  eaves,  and  extended  upward.  Since 
the  beds  of  the  slates  are  not  exactly  parallel  to  the  boarding,  and  consequently  do  not  rest  flat  apon 
it,  those  at  the  lower  edge  w  would  easily  be  broken.  To  prevent  this,  a  tilting  strip  (a  stout  wide 
lath,  with  its  upper  side  planed  a  little  bevelling,  to  suit  the  slope  of  the  slates)  is  first  nailed  around 
near  the  eaves,  for  the  tails  of  the  lowest  course  of  slates  to  rest  on.  This  is  shown  on  a  larger  scale 
atT. 

Slate  of  the  best  quality  has  a  glistening  semi-metallic  appearance,  somewhat  like  that  of  a  surface 
of  paper  rubbed  with  black-lead  pencil.  That  of  a  dull  earthy  aspect,  is  softer,  more  absorbent,  and 
consequently  more  liable  to  yield  to  atmospheric  influences,  rain,  frost,  ka.  Iron  pyrites  frequently 
occurs  in  slate;  and  since  it  always  decomposes  and  leaves  holes,  should  never  be  admitted  on  a  roof. 
Of  two  qualities  of  slate,  that  which  absorbs  the  least  weight  of  water,  when  pieces  of  equal  size  are 
soaked  for  an  hour  or  two,  is  penerallv  the  best;  being  least -liable  to  split  by  frost,  and  become 
weather-worn.    This  test  is  easily  applied. 

In  R i) gland  the  different  sues  are  distinguished  by  absurd  names  of  no  meaning.  In  the 
United  States  they  are  called  6  by  12's ;  16  bv  24's,  &o,  according  to  their  measures  in  inches.  They 
may  be  out  to  order,  of  almost  any  prescribed  dimensions,  or  shape.  Those  in  common  use  vary  from 
about  7  by  14,  to  12  by  18.  The  first  forms  about  5  to  6  inch  courses;  and  the  last  about  7  to  8  inch; 
depending  upon  how  far  from  the  head  the  nail  holes  are  pierced.  The  farther  this  is,  the  firmer 
will  the  slating  be. 

Slate  roofs,  like  iron  ones,  hwt  the  rooms  immediately  below  them  very  much.  This  I*  somewhat 
diminished  when  the  sis  tea  are  on  boards,  instead  of  laths;  and  still  more  by  a  coat  of  plaster  be- 
neath.   They  are  also  liable  to  break  when  walked  on ;  less  so  when  bedded  in  mortar. 

Weight  of  filiate  roofti.  Slate  weighs  about  176  lbs  per  cub  foot;  therefore, 
a  sq  ft,  H  inch  thlok,  weighs  about  1.8  lbs;  y^,  2.7  lbs;  and  K  thick,  8.6  lbs.  But  owing  to  the 
overlapping,  a  square  foot  of  roof  requires  about  V4  sq  ft  of  slate  of  ordinary  sites;  and  If  the  state 
is  laid  on  boards  an  inch  thick,  toe  weight  per  sq  ft  of  roof  will  be  inoreased  about  2}£  lbs ;  or  with 
V£  inch  boards,  2.8  lbs.    Laths  will  weigh  about  \i  lb  per  sq  ft  of  roof. 

Hence, 

Approx  Weight 
of  one  sq  ft  of 
Slating,  in  lb*. 

Slate  }f  Inch  thick  on  laths 4.75 

"  ••  on  I  inch  boards fl.75 

"  "  ©nltf"        "      7.30 

"3-16"  on  laths 7.00 

«•    "     "  on  1  inch  boards 0.00 

••    "     "  onlH"        "       9.56 

"    yi    •'  on  laths 9.26 

"    "     '•  on  1  inch  boards 11.25 

"     "     "  onlH"        "      11.80 

If  slating  felt  is  used,  add  \i  B> ;  or  If  the  slates  are  bedded  in  "%,  Inch  of  mortar,  add  3  %a. 
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For  the  total  weight  borne  by  the  roof  trwet,  that  or  the  purlins  also  most  be  added.  Thin  will 
not  vary  much  from  the  limits  of  1  Ji  to  3  lbs  per  sq  ft  in  roof*  of  moderate  span.  Add  for  wind  and 
•now,  saj  20  fin  per  sq  ft;*  and  finally  add  the  weight  of  the  trots  itself. 

For  stopping  the  joints  between  slates  (or  shingles,  Ac)  and  chimneys, 
dormer  windows,  Ac,  a  mixture  of  stiff  white-lead  puint,  as  sold  by  the  keg,  with  sand  enough  to  pre- 
vent it  from  running,  is  very  good;  especially  if  protected  by  a  covering  of  strips  of  lead,  or  copper, 
tin,  Ac.  nailed  to  the  mortar-joints  of  the  chimneys,  after  being  bent  so  as  to  enter  said  joints ;  which 
should  be  soraped  out  for  an  inch  in  depth,  aud  afterward  refilled.  Mortar  protected  in  the  same 
way,  or  even  unprotected,  is  often  used  for  the  purpose ;  but  is  not  equal  to  the  paint  and  sand.  Mor- 
tar a  few  days  old,  (to  allow  refractory  particles  of  lime  to  slack.)  mixed  with  blacksmith's  cinder* 
and  molasses,  is  much  used  for  this  purpose ,  and  becomes  very  hard,  and  effective. 

For  priees  of  slating,  see  foot  note*  below. 
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White  cedar  shingles  are  the  best  in  use ;  and  when  of  good  quality  will  last  40  or 
50  years  in  our  Northern  States.  They  are  usually  27  ins  long;  by  from  6  to  7  ins 
wide ;  about  ^  *ncn  thick  at  upper  end ;  and  about  %  at  lower  end  or  butt ;  and  are 
laid  in  courses  about  8%  ins  wide ;  so  that  not  quite  %  of  a  shingle  is  exposed  to  the 
weather. 

They  an  usually  laid  in  three  thicknesses ;  except  for  an  inch  or  two  at  the  upper  ends,  where  there 
are  fonr.  They  are  nailed  to  sawed  shiogling-laths  of  oak  or  yellow  pine;  about  16  ft  long;  1%  ins 
wide,  and  1  inch  thick ;  placed  in  horizontal  rows  about  8}$  ins  apart.  These  are  nailed  to  the  raft- 
ers, or  purlins ;  which,  foj  laths  of  the  foregoing  size,  should  not  be  more  than  2  ft  apart  from  center 
to  center.  Two  nails  are  used  to  each  shingle,  near  its  upper  end.  They  should  not  be  of  less  size 
than  400  to  a  lb.  Wrought  naiU  being  the  strongest,  are  the  best;  cut  ones  are  apt  to  break 

by  the  warping  or  the  shingles.  Two  pounds  or  such  nails  will  suffice  for  100  sq  ft  of  roof,  inoluding 
waste.  An  average  shingle  1%  ins  wide,  in  8){  inch  courses,  expose*  63%  sq  ins ;  making  2#  shingles 
to  a  sq  ft  of  roof;  bat  to  allow  for  waste,  and  narrow  shingles,  it  is  better  in  practice  to  allow  about  3 
shingles  to  a  sq  ft. 

Shingling,  like  slating,  mast  plainly  be  begun  at  the  eaves ;  and  extended  upward.  For  elosing  the 
joints  between  the  shingles,  and  chimneys,  dormer  windows,  &c,  see  at  end  of  Slating. 

Cypress  and  white  pine  are  also  much  used  for  shingles,  being  much  cheaper,  but  scarcely  half  as 
durable.*  All  shingles  wear  quite  thin  in  time  by  rain  and  exposure.  In  warm  damp  climates  they 
all  decay  within  0  to  U  years. 

PAINTING. 

Thi  principal  material  used  in  house-painting,  is  either  white  lead,  or  oxide  of 
zinc,  ground  in  raw  (unboiled)  linseed  oil,  by  a  mill,  to  the  consistency  of  a  thick 
paste*  In  this  condition,  it  is  sold  by  the  manufacturers  in  kegs  of  25,  50,  and  100 
lbs.  To  prepare  it  for  actual  use,  merely  requires  the  addition  of  more  linseed  oil, 
say  3  or  4  pints  to  10  lbs  of  the  keg  paint,  for  thinning  it  sufficiently  to  flow  readily 
under  the  brush. 

Good  painting  requires  4  or  5  ooats ;  but  usually  only  4  are  used  in  principal  rooms ;  and  S  in  inferior 
ones.  Bach  coat  mast  be  allowed  to  dry  perfectly  before  the  next  one  is  put  on.  One  lb  of  the  keg 
paint  will,  after  being  thinned,  cover  about  2-  sq  yds  of  first  coat;  S  yds  of  second;  and  4  yds  of  each 
subsequent  coat ;  or  1  sq  yd  of  3  coats  will  require  in  all,  1.08  lbs ;  or  4  ooats,  1%  lbs ;  of  5  coats,  1.58 
>>*.  The  reason  why  the  first  ooats  require  so  much  more  than  the  subsequent  ones,  is  that  the  bare 
sarfaoe  of  the  wood  absorbs  it  more. 

When,  as  is  usual,  row  or  unboiled  oil  Is  used  for  thinning,  dryers  mast  be  added  to  it;  otherwise 
the  paint  might  require  several  weeks  to  harden ;  whereas,  with  dryers,  from  1  to  3  days,  according 
to  the  weather,  suffice  for  each  eoat  to  become  hard  enough  to  receive  the  next  one.  The  dryers  most 
commonly  used,  are  powdered  litharge,  in  the  proportion  of  one  heaped  teaspoon ful;  or  Japan  var- 
nish, 1  tabteHTOoonfal,  to  10  lbs  of  the  keg  paint.  Either  sugar  of  lead,  or  sulphate  of  sine,  may  also 
be  used  instead  of  litharge ;  and  in  the  same  proportion.  Although  both  litharge  and  Japan  varnish 
are  dark-eolored,  yet  the  quantity  is  so  small  as  not  to  appreciably  affect  the  whiteness  of  the  paint. 
If  the  varnish  is  used  in  excess,  as  is  often  done  in  the  hurry  to  have  work  finished,  it  produces 
cracks  all  over  the  surface.  No  dryer  is  necessary  if  painters'  boiled  oil  be  used  for  thinning.  Mere 
boiling  will  not  cause  oil  to  harden  more  rapidly ;  but  that  intended  for  painters,  has  litharge  added 
to  it  previously  to  boiling,  in  the  proportion  of  lj{  lbs  to  each  10  gallons  of  raw  oil.  In  some  works 
written  for  the  use  of  house  painters,  it  is  asserted  that  boiling  renders  the  oil  too  thick  for  any  but 
coarse  outdoor  work.  But  this  is  entirely  a  mistake ;  for  if  the  boiling  be  properly  done,  the  oil 
will  be  quite  thin  enough  for  the  best  inside  work ;  and  will  moreover  be  clearer  than  while  raw ;  and 

*  Priee  of  slate,  felt,  and  slating  in  Philada,  in  1S88,  Is  from  8  to  9  cts  per  sq  ft, 
according  to  quality  of  slate,  kind  of  nails,  Ac ;  but  exclusive  of  boarding.  With  copper  nails  add  l 
ct  per  sq  ft.  The  slate  from  Peaob  Bottom,  York  Co.  Penna,  is  the  best  in  the  State.  It  commands 
1  or  »  cts  per  sq  ft  more  than  the  others.  A  roof  of  leaded  tin  will  cost  about  the  Bame  as  one  of  slate ; 
and  not  much  more  than  half  as  much  as  good  cedar  shingles,  (in  Philada.)    Pelt  about  2  cts  per  lb. 

♦  Price  of  shingles  per  1000,  in  Philada,  in  ltibb :  Cedar,  6  ins  X  30  ins,  $25 ;  6  ins  X  24  ins,  $20. 
Cypress,  $18.  Shingling  laths,  $5.  Cedar  shingles,  laths,  nails,  and  shingling  complete,  20  cts  per 
sq  ft  of  roof)  or  about  twice  as  much  as  slate  or  leaded  tin  roofing,  exclusive  of  boards. 
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GLASS. 


The  best  qualities  of  American  glass  made  in  the  vicinity  of  Philadelphia, 
Boston,  Pittsburg,  Ac,  are  for  most  purely  useful  purposes,  as  good  as  those  from 
foreign  countries;  but  when  the  highest  degree  of  beauty  is  required,  as  in  the 
lower  front  windows  of  first-class  dwellings,  fancy  stores,  Ac.  polished  plate- 
glass  of  England,  France,  or  Germany,  must  be  used :  although  the  price  for 
moderate  sized  panes  is  from  5  to  8  times  as  great  as  that  of  the  best  quality 
single-thick  American,  as  given  in  the  following  table  *  Its  perfectly  smooth 
surface,  free  from  distorted  reflections,  also  makes  it  the  best  for  covering  pic- 
tures; still,  if  carefully  selected  American  panes  be  used  for  this  purpose,  few 
except  critics  in  glass  will  detect  the  difference. 

A  thick  glass  is  made  expressly  for  flooring,  up  to  1  inch  thick, 
and  up  to  50  inches  by  9  feet  dimensions.  Also,  for  skylights,  from  %to}4 incn 
thick.  This  can  be  furnished  to  order  of  any  size  up  to  40  inches  by  8  or  10  feet. 
The  smaller  sizes  can  also  be  had  ground.  Grinding  prevents  the  entrance  of 
the  full  tjlare  of  the  sun ;  and,  moreover,  diffuses  the  fight  over  a  much  greater 
width  of  space  below. 

Strength  of  glass.  Tensile  2500  to  9000  lbs  per  square  inch.  Boston  rods 
by  author,  3'>00  to  5200.  Crushing  strength,  6000  to  10000  ft>s  per  square  inch. 
Transversely,  (by  the  writer's  trials.)  flooring  glass,  1  inch  square,  and  1  foot 
between  the  end  supports,  breaks  under  a  center  load  of  about  170  ft>s;  con- 
sequently, it  is  considerably  stronger  than  granite,  except  as  regards  crushing ; 
in  which  the  two  are  about  equal. 

Remark.  Window  and  other  glass  which  contains  an  excess  of  potash  or  of 
soda  is  very  liable  to  become  dull  in  time,  owing  to  the  decomposition  of  those 
ingredients  by  atmospheric  influences. 

*  Price  list  of  American  single-thick  £lass,  adopted  by  Ameri- 
can Window  Glass  Manufacturers'  National  Association,  Jan.  18, 1888.  Double- 
thick  about  50  per  cent.  more.  For  ground  glass  add  about  $2.50  per  box.  Dis- 
count, 1888,  about  75  per  cent.  Benj.  H.  Shoemaker,  denier  in  French  and. 
American  window  glass,  205  N.  4th  St,  Philadelphia ;  also  Malaga  Glass  and 
Manufacturing  Co.,  office  400  Chestnut  St,  Philadelphia. 


Size  in  Inches. 

1st  Quality. 

2d  Quality. 

3d  Quality. 

4th  Quality. 

From 

to 

Per  box. 

Per  box. 

Per  box. 

Per  box. 

6X    8 

10  X  15 

$10.50 

$  9.00 

$  8.50 

$8.00 

11  X  14 

16  X  24 

11.50 

10.75 

10.25 

9.75 

18  X  22 

20  X  30 

15.50 

14.00 

13.00 

12.50 

15  X  36 

24  X  30 

16.50 

15.00 

13.50 

26  X  28 

24  X  36 

17.75 

16.26 

14.75 

26  X  36 

26  X44 

19.00 

17.50 

15.26 

26  X46 

30  X  f>0 

21.00 

19.50 

17.00 

30  X  52 

30  X  54 

22.«0 

2p.25 

18.00 

30  X  56 

34  X  56 

23  00 

21.25 

19.00 

34  X  58 

34  X60 

24.00 

22.75 

21.00 

36  X  60 

40X60 

26.50 

24.50 

23.00 

In  small  quantities,  the  following  are  also  approximate  prices  for  American 
glass:  Large  plates  of  ]4  inch  thick,  rough,  40  cents  per  square  foot.  One  inch 
thick,  75  cents  to  $1 ;  if  either  is  ground,  10  to  15  cents  additional  per  square 
foot.  Ribbed  glass,  %  inch  thick,  20  cents;  %  inch,  25  cents  per  square  foot. 
Stained  glass,  single  thickness,  (^  inch,)  or  figured  white  enameled  glass,  (single 
thickness,)  20  to  25  cents  per  square  foot.  Superior  thicker  strong  figured  glass, 
first  ground,  and  the  transparent  figures  then  formed  by  polishing  away  por- 
tions of  the  ground  surface,  $1.00  p,jr  square  foot. 

Mufted  glass  is  an  inferior  article  of  fanciful  colored  patterns,  attached  by 
some  imperfect  process  which  allows  them  to  peel  off  after  a  year  or  two  of  ex- 
posure to  the  weather. 

The  charge  by  glaziers  for  putting  the  glass  into  new  windows,  including 
putty,  tins,  and  two  coats  of  p:unt  to  the  s;isn,  (one  of  which  is  a  priming  coat,) 
is  equal  to  the  cost  of  the  glass  at  the,  above  prices. 

For  reglasing  old  sash  and  removing  the  brokeu  panes,  the  charge  is  about 
twice  as  great. 
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Bl!tJE-PRlNTS,  ETC.* 


Art.  1.  (a)  Ib  order  to  obtain  the  best  results,  all  unnecessary  ex- 
posure, either  of  the  sensitized  paper  or  of  the  solutions,  to  sunlight  or  to 
other  white  light  should  be  avoided. 

(b)  Cleanliness  is  of  the  first  importance.  The  vessels  in  which  the  solu- 
tions are  made  and  mixed  must  be  scrupulously  clean,  and,  if  washed  with  soapt 
must  be  carefully  rinsed  with  clean  water.  They  should  be  left  full  of  water 
when  not  in  use.  The  presence  of  free  alkali  of  any  kind  is  fatal  to  good  re- 
sults, and  immediately  destroys  the  blue  color  of  a  finished  print.  See  Art.  19  (b). 
The  solutions  must  not  be  allowed  to  come  in  contact  with  iron. 

Art.  2.  (a)  The  Solution  used  in  sensitizing  the  paper  for  blue-prints 
is  usually  that  of  /emcyanide  of  potassium  {red  prussiate  of  potash)  f  and  am- 
monioc Urate  of  iron  (citrate  of  iron  and  ammonia)  in  water. 

(b)  The  two  salts  are  usually  dissolved  separately  aod  the  two  solu- 
tions then  mixed.  The  potassium  salt  should  be  broken  up  fine.  The  iron  salt 
is  usually  quite  pure  and  dissolves  very  rapidly.  It  may  be  kept  indefinitely  in 
a  solid  state  if  perfectly  dry,  but  it  readily  absorbs  moisture,  and  then  becomes 
sticky  and  unfit  for  use ;  and  the  solution  is  apt  to  become  mouldy  after  a  few 
days,  either  alone  or  when  mixed  with  the  potassium  solution.  Hence,  it  should 
be  prepared  (in  a  dark  room)  in  small  quantities  as  required. 

Art.  3.  (a)  The  following  is  an  average  of  several  recipes  that  give  ex- 
cellent results: 

Solution  A.  1  ounce  of  red  prussiate  of  potash  to  6  ouoces  of  water,  or  2% 
ounces  of  the  salt  to  a  pint  of  water. 

Dissolve  thoroughly  and  filter.    The  solutions  may  be  sufficiently  filtered 
through  raw  cotton,  and  much  more  rapidly  than  through  paper. 
•  Solution  B.    \lA  ounces  of  ammoniocitrate  of  iron  to  6  ounces  of  water,  or  4 
ounces  of  the  salt  to  1  pint  of  water. 

Dissolve  thoroughly.    Filter,  unless  the  solution  is  perfectly  clear. 

(b)  Keep  the  two  solutions  in  separate  glass-stoppered  bottles  in  a  dark  place, 
until  they  are  to  be  used.  Then  mix  them  in  equal  parts,  and  filter  the  mix- 
ture. Take  care  that  no  undissolved  particles  of  the  red  prussiate  get  into  the 
double  solution.   It  must  be  rejected  when  its  brown  color  changes  to  bluish  green. 

(c)  The  combined  solution  will  cost  amateurs  irom  1  to  2  cents  per  ounce  to 
make.    About  4  ounces  will  suffice  for  coating  100  square  feet  of  paper. 

(d)  If  a  few  drops  of  strong  ammonia  solution  be  added  to  the  citrate  solu- 
tion, B,  until  the  odor  is  quite  perceptible,  the  addition  of  a  saturated  solution 
of  oxalic  acid  in  water  to  the  double  solution  will  hasten  the  print- 
ing in  cloudy  weather.  10  per  cent,  of  the  oxalic-acid  solution  will  in- 
crease the  rapidity  of  printing  about  2%  times ;  20  per  cent.,  5  times ;  30  per 
cent.,  10  times:  but  with  more  than  20  per  cent.,  it  is  difficult  to  get  clear  white 
lines.  In  sunlight  the  difference  is  much  less  marked.  (Engineenng  New*,  Dec. 
15,  1892.) 

Art.  4.  (a)  Where  fine  work  is  not  essential,  any  well-sized  paper,  suffi- 
ciently tough  to  bear  the  washing,  will  answer.  For  important  work  use  paper 
of  fine  uniform  texture  and  smooth  hard  surface,  free  from  injurious  chemical 
substances.  If  the  solution  penetrates  below  the  surface,  a  portion  of  the  chem- 
icals may  remain  in  the  paper  in  spite  of  the  washing,  ana  damage  the  result. 
Many  papers  are  made  especially  for  this  purpose.  The  Saxe  (German)  and 
Rives  (French)  papers  are  considered  among  the  best.  Johannot  and  Steinbach 
papers  give  good  prints,  but  are  not  very  strong.  Weston's  and  Scotch  linen 
papers  are  stronger,  and  the  latter  gives  excellent  prints.  Before  sensitizing 
a  large  quantity  of  paper  of  a  new  kind,  try  a  small  sheet  of  it.  Linen  for  sen- 
sitizing is  also  sold  by  dealers  in  photographic  material  and  engineers1  supplies. 

Art.  5.  (a)  The  solution  is  applied  (in  the  dark  room  of  course)  io 
one  side  only  of  the  paper.  This  is  sometimes  done  by  "floating"  the 
paper  upon  the  solution,  taking  care  that  none  gets  upon  the  back  of  the  sheet. 

*  See  "Modern  Heliograph  ic  Processes,"  by  Ernst  Leitze;  D.  Yan  Nostrand 
Co ,  New  York,  $3.00 ;  a  work  to  which  we  are  indebted  for  many  valuable  sug- 
gestions. 

"Modern  Reproductive  Graphic  Processes,"  by  Lieut.  J.  S.  Pettit,  D.  Van 
Nostrand  Co.,  Science  Series,  No.  76, 50  cents,  deals  chiefly  with  artistic  photog- 
raphy, lithography,  etc. 

See  also  paper  by  Benj.  H.  Thwaite,  Proc's,  Inst'n  Civ.  Eng'rs,  Vol.  lxxxvi,  p. 
312,  reprinted  in  Engineering  News,  Nov.  27, 1886. 

f  &ot  the  /errocyanide  or  yellow  prussiate. 
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The  paper  is  held  by  two  diagonally  opposite  corneA  and  the  diagonal  joining 
the  other  two  corners  is  then  allowed  to  touch  the  surface  of  the  liquid.  Then 
the  two  corners  held  in  the  hand  are  dropped,  first  one  and  then  the  other.  The 

eaper  should  then  be  lifted,  one  half  at  a  time,  to  see  whether  any  air  bubbles 
ave  been  formed  under  it.  if  so,  they  may  be  removed  by  drawing  over  the 
solution  that  half  of  the  sheet  under  which  they  occur,  while  the  other  half  is 
held  up  from  the  liquid.  One  or  two  minutes  suffice  for  floating,  and  the  paper 
is  then  drawn  out  over  an  edge  of  the  bath,  draining  off  the  surplus  liquid. 
This  process  requires  a  tray  larger  than  the  sheet,  and  the  inner  surface  of  the 
tray  must  be  nut  only  water  proof,  but  also  proof  against  chemical  action  from 
the' solution.    Considerable  care  is  required  in  the  manipulation. 

Art.  6.  (a)  The  solution  is  usually  applied  by  means  of  a  soft  wide  brash 
(such,  for  instance,  as  those  used  for  wetting  the  leaves  in  letter-copying  books) 
or  a  large  soft  sponge  entirely  free  from  sand  or  other  grit. 

Art.  7.  (a)  In  applying  the  solution,  the  paper  may  be  laid  upon  a  board  cov- 
ered with  soft  smooth  oil»cloth,  which,  after  each  sheet  is  sensitized,  should 
be  wiped  off,  to  avoid  smearing  the  back  of  the  next  sheet. 

(b)  The  operation  must  be  quickly  performed,  so  that  no  portion  of  a 
sheet  may  become  dry  before  its  entire  surface  has  been  coated.  For  very  large 
sheets  it  may  be  necessary,  for  this  reason,  to  employ  two  persons.  First  cover 
the  sheet  by  strokes  of  the  wet  sponge  or  brush,  moved  in  the  direction  of  the 
length  of  the  paper,  and  then,  immediately,  by  light  strokes  at  right  angles  to 
these  and  with  the  sponge  or  brush  squeezed  out,  so  that  the  solution  may  be 
uniformly  and  thinly  distributed  over  the  entire  surface.  Wash  out  the  sponge 
immediately  in  the  dark  room. 

Art.  8.  (a)  The  paper  is  then  hung  up  to  dry  in  the  dark  room,  by  means 
of  clips,  of  any  convenient  form  and  free  from  iron.  Small  sheets  may  be  hung 
by  one  corner ;  larger  sheets  by  two  adjacent  corners,  or  by  three  or  more  places 
(according  to  size)  along  one  edge,  taking  care  to  buckle  this  edge  slightly,  so 
that  the  paper  may  not  he  stretched  in  drying.  If  the  sheets  are  hung  over  a 
rod  or  rail  the  solution  will  dry  unevenly  at  the  bend.  In  order  that  the  whites 
in  the  print  may  be  clear,  the  air  should  be  warm,  so  that-  the  paper  may  dry 
quickly  and  the  solution  be  thus  prevented  from  penetrating  it  deeply. 

Art.  9.  (a)  Make  sure  that  the  paper  is  perfectly  dry  before  it  is  used 
or  put  away,  and  see  that  it  is  kept  both  dry  and  dark  until  it  is  wanted  for  use. 
If  carefully  prepared  and  preserved  it  will  retain  sensitiveness  for  a  long  time, 
but  the  best  results  are  obtained  with  fresh  paper,  and  it  is  best  not  to  keep  it 
more  than  a  month  or  two. 

Art.  10.  (a)  The  tracin&r  paper  or  tracing  cloth  should  be  of  a  bluish 
cast  (a  yellow  paper  delays  printing),  thin  (see  Art.  15,  p.  432c),  and  as  nearly 
transparent  as  possible.  It  should  be  preserved,  both  before  and  after  drawing, 
from  long  exposure  to  light,  which  tends  to  render  it  opaque. 

(b)  Both  before  and  alter  drawing,  it  should  be  kept  either  flat  or  rolled,  and 
not  folded,  because  folds  render  it  difficult  to  bring  the  drawing  into  perfect  con- 
tact with  the  sensitive  paper  in  printing. 

Art.  11.  (a)  The  drawing;  or  tracing  should  be  made  with  the  best 
India  ink,  rubbed  very  black.  The  addition  of  a  little  gamboge  or  chrome  yel- 
low increases  the  opacity.  Lines  drawn  in  chrome  yellow  and  in  gamboge  print 
well ;  but  Prussian  blue  or  carmine  should  be  rendered  more  opaque  by  the  addi- 
tion of  a  little  Chinese  white  or  flake  white.  Hold  the  tracing  up  to  a  strong 
light,  in  order  to  detect  any  weak  places  in  the  lines. 

Art.  12.  (a)  Printing:  consists  in  exposing  the  sensitive  paper  to  the 
action  of  light,  the  drawing  being  placed  between  the  light  and  the  sensitire 
surface.  The  arc  electric  light  prints  more  slowly  than  direct  sunlight,  but 
has  the  advantage  of  constancy  in  all  weathers  and  at  all  hours,  and  of  fixedness 
of  position.    See  Art.  16  (a),  p.  432  c. 

(b)  Place  the  frame  with  its  face  perpendicular  to  the  rays  of  light,  as  nearly 
as  may  be,  and  see  that  no  shadows,  as  of  trees,  buildings,  etc.,  are  allowed  to  fall 
upon  a  portion  of  the  drawing. 

(c)  All  handling  of  the  paper,  such  as  cutting  it  to  size  or  placing  it  in  the 
frame,  should  be  done  in  a  weak  light. 

Art.  13.  (a)  To  secure  close  contact  between  the  tracing  and  the  sensitive 
paper  (see  Art.  15,  p.  432  c)  they  are  usually  placed  in  a  printing-frame*  The 
essential  parts  of  an  ordinary  frame  are :  the  frame  proper,  a  plate  of  clear  glass 
for  the  passage  of-  the  light,  and  a  padded  back,  which,  oy  means  of  clamps  and 
springs,  presses  the  two  sheets  closely  together  and  against  the  glass. 

(b)  The  i racing  is  laid  in  the  frame,  with  its  drawn  side  next  to  the  glass 
(but  see  Art.  16  <b),  p.  432c),  and  then  the  sensitive  paper,  with  the  sensitive 
side  next  to  the  tracing.    Finally,  the  padded  back  is  placed  \u  the.  frame. 
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(e)  The  back  is  often  made  in  two  halves,  hinged  together  and  each  provided 
with  a  spring,  so  that  one  half  may  be  raised  to  permit  examination  of  the 
progress  of  the  exposure,  while  the  other  half,  remaining  clamped,  holds  the 
tracing  and  the  sensitive  paper  in  position. 

(d)  By  using  a  frame  left  open  at  both  ends  long  strips  of  sensitive  paper  may. 
be  used,  a  part  at  a  time,  the  rest  being  rolled  up  at  the  ends  of  the  frame  and 
wrapped  for  protection  from  light. 

(e)  Id  any  frame  it  is  important  that  the  glass  be  sufficiently  thick  to  with- 
stand the  pressure  required  in  order  to  secure  close  contact  between  the  two 
papers  (see  Art.  15,  below),  of  excellent  quality,  and  free  from  defects  which 
would  obstruct  or  unequally  refract  the  light.  The  glass  should  be  carefully 
cleaned  before  printing. 

(f )  Improved  forms  of  printing-frames  have  rubber  air-cushions  in  place  of 
flannel  pads.  In  others  the  necessary  pressure  is  secured  by  means  of  a  vacuum 
produced  between  the  tracing  and  the  glass  by  means  of  a  pump. 

(fp)  Printing-frames  are  supplied  by  dealers.  The  prices,  including  glass,  vary 
from  about  $2  for  frames  10  x  12  inches,  to  $30  or  $45  for  frames  36  x  60  inches. 
Frames  running  on  rollers,  with  fittings  for  exposing  them  outside  of  windows, 
are  also  furnished, at  prices  varying  with  the  dimensions  and  the  requirements. 

(b)  For  large  blue-prints,  Prof.  E.  C.  Cleaves,  of  Cornell  University,  uses, 
instead  of  a  frame,  a  wooden  cylinder  covered  with  felt  and  revolving  on  its 
axis.  Upon  this  cylinder  the  tracing  and  sensitive  paper  are  stretched  by  means 
of  a  suitable  clamping  device,  and  the  cylinder  is  then  revolved  in  the  sunlight. 
This  method  dispenses  with  the  use  of  glass.  It  of  course  requires  a  longer  ex- 
posure than  the  ordinary  method.    {Trans.  Am.  Soc.  Meek.  J2ng.,  vol.  viii,  p.  722.) 

(i)  For  still  larger  prints.  Prof.  R.  H.  Thurston  stretches  the  two  papers  upon 
a  thin  board,  which  is  then  sprung  into  a  curve  and  held  in  that  shape,  keeping 
the  papers  in  tension  upon  the  convex  side.  This  method  also  dispenses  with 
the  use  of  glass,  and,  the  curvature  of  the  board  and  the  papers  being  but 
slight,  the  whole  of  the  paper  is  exposed  to  the  light  at  one  aud  the  same  time. 
(Trans.  Am.  Soe.  Mech.  J&ng.,  vol.  ix,  p.  696.) 

Art.  14.  (a)  The  time  required  for  exposure  varies  with  the 
color,  directness,  and  intensity  of  the  light,  with  the  thickness  and  opacity  of 
the  tracing  paper,  with  the  blackness  of  the  drawing,  with  the  materials  aud 
the  care  used  in  sensitizing  the  paper,  and  with  the  freshness  of  the  tatter,  from 
two  or  three  minutes  to  hours  or  even  days.  Roughly,  we  may  say  that  in  full 
sunlight,  in  Philadelphia,  about  three  minutes  ordinarily  suffice  from  noon  to  2 
F.  m.,  and  ten  minutes  at  10  a.  m.  or  4  p.  m.  ;  in  the  shade,  thirty  to  forty-five 
minutes  at  noon;  but  no  fixed  rules  can  be  given.  Experience  must  decide 
in  each  case,  A  preliminary  experiment  may  De  made  with  a  small  frame.  If 
the  back  of  the  frame  is  in  two  or  more  pieces,  the  process  may  be  inspected  from 
time  to  time. 


ingy shade.    (See  Art.  17  (c): 

(d),  p.  432  d.)  Drawings  in  pale  ink  must  be  printed  very  lightly,  in  order  that  the 
lines  may  remain  white,  and  it  is  best  to  use  with  them  a  weak  light,  or  to  pro- 
tect them  by  tissue  paper  or  ground  glass.    See  Art.  18  (a),  p.  432  d. 

Art.  IS.  (a)  To  obtain  perfectly  sharp  impressions,  the  side  of  the  tracing 
upon  which  the  drawing  is  made  should  be  in  immediate  contact  with 
the  sensitized  surface  of  the  blue-print  paper,  especially  if, as  with  sunlight,  the 
direction  of  the  light  is  variable;  lor,  if  any  appreciable  distance  intervenes 
between  the  two,  as  in  printing  through  cardboard  (see  Art.  16,  below),  the 
shadows  cast  by  the  lines  of  the  tracing  will  move  over  the  sensitized  surface  as 
the  direction  of  the  light  changes,  and  thus  give  a  blurred  impression.  In  most 
cases,  however,  it  is  practically  out  of  the  question  to  place  the  two  surfaces  in 
this  way,  because  that  position  gives  a  reversed  impression  as  regards  right  and 
left  *  Hence  a  thin  tracing  paper  or  linen  is  recommended  in  Art.  10  (a).  For 
the  same  reason  it  is  imperative  that  the  two  papers  be  firmly  and  evenly 
pressed  against  the  glass. 

Art.  16.  (a)  By  using  a  light  which  is  constant  in  position,  relatively  to 
the  surface  of  the  tracing,  such  as  an  arc  electric  light,  it  is  possible,  by  prolong- 
ing the  exposure  for  hours  or  even  days,  to  obtain  blue-prints  from  draw- 


*  A  print,  thus  reversed  in  position,  may  of  course  be  easily  read  by  means 
of  a  mirror.  -  This  is  commonly  done  with  Patent  Office  drawings. 
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thin)  with  its  back  to  the  sunlight,  or  by  placing  the  printing  frame  in  the  bottom 
of  a  deep  and  narrow  box,  so  that  the  light  can  shine  directly  upon  the  frame 
only  when  approximately  parallel  with  the  long  sides  of  the  box.  To  print 
rapidly,  the  sunlight  must  be  kept  full  upon  the  frame  by  frequently  moving 
the  box. 

Art.  17-  (a)  The  print,  when  sufficiently  exposed,  is  taken  from  the  frame, 
and  both  its  race  and  back  are  washed  thoroughly  in  clean  water  until 
the  characteristic  blue  color  is  perfectly  developed. 

(b)  The  washing  should  be  done  in  a  tray  with  a  flat  bottom  larger  than  the 
largest  print  to  be  washed,  and  care  should  be  taken  not  to  injure  the  surface 
of  the  prints  by  hard  rubbing  or  by  sharp  bending,  or  otherwise.  It  is  better 
to  have  a  circulation  of  water  in  the  tray,  not  only  to  keep  the  water  clean,  but 
also  to  bring  about  the  necessary  agitation  of  the  prints  without  handling  them. 

(c)  The  washing  may  be  hastened,  and  dark  or  "  over-exposed  "prints  niav  be 
lightened  somewhat,  by  having  the  water  warm,  say  at  90^  or  10jp°  Fahrenheit. 

(d)  Over-exposed  prints  may  also  be  lightened  by  immersing  them  in  water 
rendered  slightly  alkaline  by  ammonia.  In  this  bath  they  at  once  assume  a 
purple  tint,  which  soon  becomes  weaker.  At  the  proper  moment,  which  must 
be  learned  by  experience,  the  alkaline  action  must  be  stopped  by  drawing  the 
print  rapidly  through  a  solution  of  1  part  of  hydrochloric  ("  muriatic  ")  acid 
(H.  CI.)  in  100  parts  of  water. 

(e)  Continue  washing  until  the  water  has  for  some  time  come  off  perfectly 
clear.    Then  hang  the  prints  up  smoothly  to  dry.    (See  Art.  8,  p.  432  6.) 

Art.  18.  (a)  After  washing,  the  application  of  a  solution  of  from  1  to  5 
per  cent,  of  hydrochloric  acid,  or  of  oxalic  acid,  in  water,  intensifies  the  blue 
color,  and  is  therefore  useful  in  bringing  out  pale  or  "under-exposed*'  prints; 
but  the  prints  must  then  be  afterward  washed  again  in  pure  water.  Hydro- 
chloric acid  applied  be/ore  washing,  or  to  imperfectly  washed  prints,  will  make 
the  lines  show  blue. 

Art.  19.  (a)  To  erase  a  (white)  line  on  a  blue-print,  go  over  the  line  with 
the  sensitizing  solution  applied  with  a  clean  brush  or  qititl  pen.  -This  should  be 
done  in  a  weak  light.    Then  expose  the  entire  print  and  re-wash. 

(b)  White  lines  are  added  to  blue  prints,  usually  in  Chinese  white; 
but  the  blue  color  may  be  removed,  showing  the  white  paper  beneath,  by  apply- 
ing a  saturated  solution  of  concentrated  lye  (caustic  soda  or  potash)  or  of  car- 
bonate of  soda*  or  carbonate  of  potash,  with  a  fine  clean  pen  nearly  dry.  If 
laid  on  too  freely,  it  spreads  rapidly.  Even  if  the  pen  is  perfectly  dean,  the  sur- 
face thus  produced  has  a  yellowish  cast  as  compared  with  the  white  of  the 
paper.  The  carbonate  solutions  act  more  slowly  than  the  lye,  but  not  less 
surely,  and  they  are  not  injurious  to  the  skin,  whereas  the  lye  burns  badly. 
The  ordinary  lime-water  sold  by  druggists  makes  little  or  no  impression  upon 
the  blue  color.  If  red,  instead  of  white,  lines  are  desired,  mix  with  the 
soda  or  potash  solution  ordinary  carmine  writing-ink,  in  such  quantity  (to  be 
ascertained  by  trial)  as  will  give  the  desired  color. 

Art.  20.  (a)  Blue  prints  which  are  to  be  subjected  to  much  handling  should 
be  mounted  upon  cloth,  or  the  prints  may  be  made,  in  the  first  place,  upon 
sensitized  tracinsr  linen. 

Art.  21.  (a)  Processes  giving  a  white  ground,  with  either  bine 
or  black  lines,  are  usually  so  complicated  as  to  be  Deyond  the  reach  of  most 
engineers.  Their  results,  also,  are  generally  uncertain,  even  when  applied  by 
experts;  the  background  often  lacking  in  whiteness. 

(b)  Thos.  H.  McCollin  A  Co.,  1030  Arch  St.,  Philadelphia,  furnish  blue-on-white 
prints  by  their  "  Albermene  "  process.  As  the  paper  seldom  gave  good  results  in 
the  hands  of  non-experts,  Messrs.  McCollin  A  Co.  discontinued  its  sale. 

(c)  The  Keuffel  A  Esser  Co.,  127  Fulton  St.,  New  York,  furnish  **  Nigrosine " 

Saper  at  from  $2.50  to  $3.50,  and  cloth  at  from  $400  to  $5.00,  per  roll  of  ten  yards, 
epending  upon  the  width.  By  means  of  a  developer  (sold  as  a  powder  at  $2.50 
per  pound)  it  gives  black,  or  rather  purplish-gray,  lines  on  a  whitish  ground,  by 
a  process  said  to  be  "  nearly  as  simple  as  the  blue  process." 

(€l)  Schwencke,  Kirk  A  Co.,  26  Church  St.,  New  York,  F.Weber  A  Co.,  1125 
Chestnut  St.,  Philadelphia,  Agents,  furnish,  at  from  $2.50  to  $3.50  per  roll  of  ton 
yards,  a  prepared  direct  black-print  paper,  giving  nearly  black  lines  on  a  whitish 
ground.  Like  blue-print  paper,  it  requires  no  developer  other  than  water,  and 
it  is  claimed  that  the  process  is  u  simple  as  the  bine  process." 

(e)  F.  !,e  Clere,  Franklin  Institute,  Philadelphia,  makes  excellent  black-on- 
white  prints  to  order  by  a  secret  process. 

*  Either  carbonate  ("  washing-soda ")  or  bicarbonate  ("  baking-soda  ")  will 
answer. 
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PAPER.* 

24  sheets  1  quire.       20  quires  1  ream. 
Sixes  of  drawing  papers. 


Ins.    las. 

Antiquarian 31  X  52 

Double  Elephant 26  X  40 

Atlas.: 26  X  34 

Imperial 21  X  30 


In*.    In*. 

Super  Royal 19  X  27 

Royal 19  X  24 

Medium 17  X  22 

Demv 15  X  *^> 

Cap  .' 13  X  17 


The  English  drawiug-papers  are  stronger  and  superior  to  the  American.  Those 
by  Whatman  have  a  high  reputation ;  they  are,  however,  of  different  qualities.  When 
paper  is  pasted  on  muslin,  the  difference  in  quality  is  not  so  important.  Of  paper 
in  rolls,  the  German  makes  are  the  best.  There  is  but  little  of  other  makes  imported. 

Both  white  and  tinted  paper*,  for  the  use  of  engineers,  are  made  in 
continuous  rolls,  without  seams.  Widths  36,  42,  54,  58,  and  62  ins;  usual  lengths  40 
yds ;  but  can  be  had  to  order  to  400  yds  or  more.  These  may  also  be  purchased  ready 
pasted  on  muslin,  in  rolls  10  to  40  yds  long.  This  last,  on  account  of  its  strength, 
should  be  used  for  all  drawings  which  undergo  frequent  rolling  and  unrolling;  or 
other  hard. usage;  particularly  working-drawings.  For  the  last  purpose,  strong 
cartridge  or  pattern  paper  answers  very  well.  It  is  for  sale  in  long  rolls,  of  same 
lengths  as  white  paper,  mounted  or  not;  widths  up  to  54  ins.    Color,  a  light  buff. 

Tracing?  paper.  Most  of  that  sold,  whether  domestic  or  foreign,  tears  so 
readily  as  to  be  of  comparatively  little  service,  except  for  tracings  to  be  enclosed  in 
letters  for  mailing.  Some  of  what  is  called  French  vegetable  tracing-paper,  is,  how- 
ever, quite  stout  and  strong, and  good  for  line  drawings;  but  it  shrivels  badly  under 
broad  washes  of  color,  even  when  stretched,  forming  little  puddles,  which  make  it 
difficult  to  produce  a  uniform  tint.  Sizes  19  X  25,  21  X  26,  28  X  40  ins;  also  iu 
rolls  of  1 1  and  22  yds.  Parchment  paper,  37  and  38  ins  wide,  rolls  of  20  aud  33  yds, 
is  better,  but  does  not  take  ink  perfectly. 

Tracing?  doth,  usually  called  tracing  muslin,  and  sometimes  vellum  cloth,  is 
altogether  preferable  to  tracing  paper,  ou  account  of  its  great  strength.  Widths  18, 
30,  36,  and  42  ins ;  lengths  to  24  yds. 

Common  inks  dry  pale  on  either  tracing  muslin  or  tracing  paper;  therefore  use 
India  ink.  Neither  the  muslin  uor  the  paper  takes  colors  as  kindly  as  drawing 
paper. 

Profile  paper  is  made  in  widths  of  9  ins  and  20  ins,  and  in  single  sheets  or 
in  long,  continuous  rolls. 

Rilled  squares,  or  cross-section  paper.  Paper  carefully  ruled  in 
small  squares,  so  that  the  divisions  answer  for  a  scale  for  the  drawing,  is  exceedingly 
useful  for  sketching  out  plans,  Ac.    It  is  sometimes  ruled  on  both  sides  of  the  sheet. 

Colors.  A  good  draughtsman  needs  but  few  colors;  say  India  ink,  Prussian 
blue,  lake,  or  carmine,  light  red,  burnt  umber,  burnt  sienna,  raw  sienna,  gamboge, 
Roman  ochre,  sap  green.  Winsor  &  Newton's  colors  are  among  the  best  iu  use. 
Purchase  none  but  the  very  best  India  ink.  Cakes  of  colors  should  always  be  wiped 
dry  on  paper, after  being  rubbed  in  water;  and  but  little  water  should  be  used  while 
rubbing ;  more  being  added  afterward. 

I«ead  pencils.  Genuine  A.  W.  Fabers  Nos.  2,  3,  and  4,  are  very  good.  The 
hardness  increases  with  the  number.  Nos.  3  and  4  are  good  for  field-book  use :  which 
to  prefer,  will  depend  on  the  character  of  the  paper;  No.  8  for  smooth,  and  No. 4  for 
the  coarser  or  more  granular  papers.  His  lettered  pencils  are  of  a  higher  grade  and 
better  suited  for  draughting.  "  H  "  stands  for  "  hard,"  "  B  *'  for  "soft."  The  degree 
of  hardness  or  of  softness  is  indicated  by  the  number  of  H's  or  of  B's.  "F"  (inter* 
mediate)  corresponds  with  No.  3.  Dixon's  American  pencils  are  good.  The  office 
draughtsman  should  have  a  flat  file,  or  a  piece  of  fine  emery  paper  glued  to  a  strip 
of  wood,  upon  which  to  rub  his  lead  to  a  fine  point  readily,  after  using  the  knife. 


*  Jam**  W.  Queen  *  Co,  No  1010  Chestnut  St,  Philadelphia. 
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GENERAL   PRINCIPLES. 

Art.  1  (a)  Stress  or  Strain.*  As  explained  in  Art.  27  a,  p.  318  A,  stress  or 
strain  takes  place  when  force  acts  upon  a  Dody  in  such  a  way  that  its  particles 
tend  to  move  (at  the  same  time)  with  different  velocities  or  in  different  direc- 
tions ;  to  do  which  they  must  either  separate  from  each  other  or  come  closer 
together.  This  occurs,  for  instance,  when  a  body  is  so  placed  as  to  oppose  the 
relative  motion  of  two  other  bodies ;  as  when  a  block  is  placed  between  a  weight 
and  a  horizontal  table.  In  this  case,  each  of  the  two  bodies  (the  weight  and  the 
table)  imparts  a  force  (Art.  5  c,  p.  808  and  Art.  25  a,  p.  818  e),  to  the  opposing  body 
(the  block) ;  and  the  stress  is  the  opposition  of  these  equal  forces.  The  tendency 
of  the  particles  of  the  block  to  separate  or  to  come  closer  together  calls  into 
action  the  Inherent  forces)  of  its  material,  as  explained  in  Art.  27  (a),  p.  318  A, 
and  these  act  between  the  particles  and  tend  to  keep  them  in  their  original  rela- 
tive positions. 

(b)  If  two  opposite  forces  are  simultaneously  Imparted  to  a 
body  in  the  same  straight  line,  the   stress   is  either  compressive 

(when  the  forces  act  toward  each  other)  or  tensile  (when  they  act  from  each 
other.) 

Compressive  stress  tends  to  push  the  particles  closer  together.  Tensile  stress 
tends  to  pull  them  farther  apart,  f 

(c)  If  two  imparted  forces,  as  c  a,  6  a,  Fig.  9%,  p.  320,  meet  at  an 
angle,  as  at  a ;  then  two  equal  and  opposite  components,  c  i  ana  b  o.  will  cause 
compressive  or  tensile  stress  in  the  body,  while  the  other  two,  i  a  and  o  a,  unite 
to  form  the  resultant,  n  a,  which  moves  the  body  in  its  own  direction,  and,  in 
doing  so,  produces  another  stress  among  the  particles  of  the  body,  as  explained 
in  Art.  27  a,  p.  318  i. 

(d)  If  the  two  forces  are  parallel,  forming  a  "couple"  (Art.  66  g,  p. 
347  a),  as  in  a  punch  and  die,  the  stress  is  a  shear  (tending  to  slide  some  of'  the 
particles  over  the  others),  and  is  accompanied  also  by  a  transverse  stress 

(causing  a  tensile  stress  in  some  of  the  particles  and  a  compressive  stress  in 
others)  as  in  the  case  of  a  beam.  The  transverse  stress  is  proportional  to  the 
distance  between  the  two  forces  ((.  e.,  to  the  arm  or  leverage  of  the  couple),  so 
that,  when  they  are  very  close  together,  as  in  a  pair  of  shears,  the  transverse 
stress  is  very  small  and  is  neglected,  ana  the  shearing  stress  alone  is  considered. 

(e)  If  two  contrary  couples,  in  different  planes,  act  upon  a  body, 
the  stress  is  called  torsion  or  twisting.  Thus,  torsion  takes  place  in  a  brake 
axle  when  we  try  to  turn  it  while  its  lower  end  is  held  fast  by  the  brake  chain. 

(f)  But  the  ultimate  tendency  of  any  of  these  forms  of  stress  is  either  to 
separate  certain  particles  or  to  drive  them  closer  together,  as  in  cases  (tensile 
or  compressive  stress)  where  the  two  forces  are  in  one  line.f  We  shall, 
therefore,  in  these  introductory  articles,  consider  only  this  simple  and 
fundamental  form  of  stress,  assuming  that  it  is  caused  by  the  action  of  two 
opposite  imparted  forces,  acting  in  the  same  straight  line  so  that  they  are 
entirely  employed  in  causing  the  stress. 

(ff)  A  stress  may  be  stated  in  any  unit  of  weight,  as  in  pounds,  and  is 
equal  to  one  of  the  two  opposite  forces.    See  Art,  27  (/)  p,  318.;'. 

*  For  another  use  of  the  word  "  strain,"  see  Art.  2  (d),  p.  434  a. 

f  Indeed,  even  in  cases  of  compressive  stress,  it  is  only  by  the  separation  of  the 
particles  taat  the  structure  of  the  body  and  its  inherent  forces  can  be  destroyed. 
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Art*  8  (a)  Stretch  and  Rnptnre.  It  appears  from  experiment  that  the 
inherent  cohesive  forces  called  into  action  by  the  first  application  of  any  stress 
are  always  less  than  that  stress,  however  small  it  may  be.  In  other  words ;  any 
stress,  however  slight,  is  believed  to  produce  some  derangement  of  the  particles. 
But  the  inherent  forces  increase  with  this  derangement  (up  to  a  certain  point) ; 
and  thus,  in  many  coses,  they  become  equal  to  the  stress  and  so  prevent  further 
derangement.  When  the  stress  exceeds  the  greatest  inherent  force  which  the 
body  can  exert,  the  particles  separate  to  such  an  extent  that  the  inherent  forces 
cease  to  act.    The  body  is  then  said  to  be  broken,  or  ruptured. 

(b)  Different  materials  behave  very  differently  when  under  stress. 
Brittle  ones  seem  to  resist  almost  perfectly  up  to  a  certain  point,  allowing  no 
perceptible  derangement  of  the  particles ;  and  then  yield  suddenly  and  entirely, 
in  ductile  materials,  on  the  contrary,  considerable  derangement  takes  place 
before  the  inherent  resisting  forces  finally  yield. 

(c)  The  ultimate  stress  of  a  body  is  that  which  is  just  sufficient  to  break 
it  or  crush  it,  or,  in  short,  to  destroy  its  structure  so  that  it  can  no  longer  resist. 
In  other  words,  a  stress  just  less  than  the  ultimate  is  the  greatest  stress  to  which 
the  body  can  be  subjected. 

Caution.  In  brittle  materials,  such  as  brick,  stone,  cemeut,  glass,  cast-iron, 
etc.,  especially  when  subjected  to  tension,  the  point  of  rupture  is  clearly  marked, 
and  hence  the  ultimate  strength  may  in  such  cases  be  stated  with  precision. 
But  with  ductile  or  malleable  materials,  such  as  copper,  lead  and  wrought  iron, 
especially  when  under  compression,  it  is  often  difficult  or  impossible  to  state  the 
ultimate  strength  definitely.  For  instance,  a  cube  of  lead  may  be  gradually 
crushed  into  a  thin  flat  sheet  without  rupture.  In  other  words,  there  is 
practically  no  load  which  can  break  it  by  crushing.  In  such  cases,  we  may 
arbitrarily  assume  some  given  amount  of  distortion  as  marking  the  point  of 
ultimate  stress.  Thus,  by  the  "ultimate"  load  of  a  rolled  iron  beam  (p.  521) 
we  mean  "that  one  which  so  cripples  the  beam  that  it  continues  to  yield 
indefinitely  without  increase  of  load."  Such  assumptions,  however,  necessarily 
give  rise  to  some  ambiguity,  and  care  should  therefore  always  be  taken  to  define 
or  to  ascertain  clearly  in  what  sense  the  term  "  ultimate  stress  "  is  employed. 

The  ultimate  strength  of  a  material  (or,  more  briefly,  its  strength)  is 
the  greatest  inherent  force  which  its  particles  can  exert  in  opposition  to  a 
stress.  In  other  words,  it  is  that  inherent  resistance  which  is  just  equal  to  the 
ultimate  stress.  Hence  strength,  like  stress,  is  stated  in  units  of  weight,  and 
we  may  use  the  terms  "ultimate  strength "  and  "ultimate  stress"  indifferently, 
as  denoting  practically  the  same  thing. 

(d)  For  want  of  a  convenient  and  appropriate  name  for  the  change  of 
shape  caused  by  stress;  modern  writers  nave,  rather  unfortunately,  given  to  it 
the  name  of  strain,4'  which,  in  ordinary  language,  (as  in  our  articles  on  Force 
in  Rigid  Bodies,  pp.  306,  etc.)  is  used  to  signify  stress,  as  above  defined.  We  prefer 
to  use  the  word  "stretch"  for  change  of  shape,  in  inches,  etc.  (regarding 
compression  as  negative  "Stretch"),  and  "strain"  or  "stress"  for  the  action 
of  the  two  opposing  forces,  in  pounds,  etc. 

(e)  By  the  '*  length "  of  a  body,  we  mean  its  dimension  measured  in  the 
line  of  the  stress ;  and,  by  "  area,"  the  area  of  the  resisting  cross  section  at 
right  angles  to  that  line.  Thus,  if  a  slab  of  iron,  2  inches  thick  and  10  inches 
square,  be  laid  fiat  upon  a  smooth  and  horizontal  surface,  and  if  a  load  be  placed 
upon  it  so  as  to  be  uniformly  distributed  over  its  upper  flat  surface,  the  "  length  " 
is  2  inches,  and  the  "  area,"  10  x  10  =  100  square  inches.f 

(t)  Units  adopted.  Unless  otherwise  stated,  we  shall  understand  the 
ptress  in  any  case  to  be  given  in  pounds,  the  stretch  and  the  length  in  inches, 
and  the  area  in  square  inches. 

♦The  word  "strain"  is  not  thus  defined,  even  as  a  scientific  term,  in  either 
Webster's  or  Worcester's  dictionary. 

f  Under  stresses  approaching  the  ultimate  stress,  the  area  of  the  cross  section 
generally  increases  under  compression,  and  diminishes  under  tension,  to  differ- 
ent extents  in  different  materials ;  but  we  are  here  concerned  only  with  cases 
within  the  limit  of  elasticity,  (Art.  4  a.  p.  434 d)  and  in  such  cases  the  change  of 
area  is  generally  very  slight  and  may  be  neglected. 
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Art.  3  (a).    If  the  total  stress  (in  lbs.,  etc.)  upon  a  body  be  divided  by  the 

area  of  the  resisting  surface  (in  square  inches,  etc.)  the  quotient,  ,  is  the 

area 

mean  stress  per  unit  of  area,  or  (as  it  is  sometimes  called)  the  intensity  of 
the  stress.    Or, 

Stress  per  unit  of  area  =   total  stress 

area 

Thus,  if  a  bar  of  iron,  2  inches  wide  by  1  inch  thick,  (having  therefore  2  square 
inches  of  area  of  cross  section)  and  10  feet  long,  be  subjected  to  a  total  tensile 
stress  of  20,000  lbs.  in  the  direction  of  its  (10  ft.)  length,  we  have 

J^8^}  -  total  stress  _    20,000  lb*    _  lom  lb9per8quare  ,ncn. 
per  unit  of  area/  area  2  square  in. 

Caution.  Strictly  speaking,  the  stress  on  a  surface  is  seldom  distributed 
uniformly  over  it.  Thus,  in  the  case  of  the  bar  just  referred  to,  if  the  stress  is 
applied  by  means  of  grips,  clamping  the  sides  and  edges  of  the  bar,  the  stress 
per  square  inch  near  those  sides  and  edges  is  probably  greater  than  that  near 
the  center  of  the  bar,  because  the  stress  is  nut  perfectly  and  uniformly  trans- 
mitted from  the  outer  to  the  inner  fibres.  And,  in  cases  of  compression,  the 
load,  instead  of  being  uniformly  distributed  over  the  surface,  as  it  appears  to  be, 
is  often  in  fact  supported  by  a  few  projecting  portions  of  it.  In  practice,  these 
considerations  are  often  of  the  greatest  importance,  but  in  studying  the 
principles  of  resistance,  we  may,  for  convenience,  temporarily  neglect  them,  anci 
assume  the  stresses  to  be  uniformly  distributed  over  their  respective  areas. 

(b)  If  the  total  stretch  of  a  body  (in  inches,  etc.),  under  any  given  stress,  be 
divided  by  the  original  length  of  the  body  (in  the  same  measure),  the  quotient 
is  the  stretch  per  unit  of  length.    Or, 

Stretch  per  unit  of.  length  —     total  stretch 

original  length 

Thus:  if  the  foregoing  bar.  10  feet  (or  120  inches)  long,  is  found  to  stretch 
.04  inch,  under  its  load  of  20,000  lbs.  total,  or  10,000  lbs.  per  square  inch,  we  have 

stretch  per  unit  of  length  _     total  stretch    _  ^04_  _  ^33  inch        inch 
under  said  load  original  length        120 

(c)  The  Modulus  ct  Elasticity.  In  materials  which  undergo  a  per- 
ceptible stretch  before  rupture,  it  has  been  found  by  experiment  that  up  to  a 
certain  degree  of  stress,  called  the  limit  of  elasticity  (Art.  4  a,  p.  434  d),  the  ratio, 

Jotal  stress   ^  in  anv  gjveil  body,  remains  very  nearly  constant.    In  other 
total  stretch 

words,  within  the  limit  mentioned,  equal  additions  of  stress  cause  practically 
equal  additional  stretches. 

In  order  to  compare  bodies  of  different  dimensions,  we  state  the  same  fact  by 

.wing  that,  within  the  elastic  limit  the  quotient,  _gra*  P*r  unttjf  area 

stretch  per  unit  of  length 
remains  practically  constant. 

This  quotient,  as  found  by  experiment  with  any  given  material,  is  called  the 
Modulus  of  Elasticity  of  that  material,  and  is  usually  denoted  by  the 
capital  letter  K.  It  is  of  course  expressed  in  the  same  unit  as  the  stress  pel 
unit  of  area,  as,  for  instance,  in  pounds  per  square  inch ;  but  it  is  usually  stutec 
simply  in  pounds,  the  words  "  per  square  inch  "  being  understood. 

(d)  It  will  be  noticed  that  the  greater  the  stress  required  to  produce  a  given 
stretch  in  a  bodv,  the  greater  is  its  modulus  of  elasticity.  Hence  the  modulus 
K  is  a  measure  "of  the  resistance  which  the  body  can  make  against  a  change  in 
shape  This  resistance  we  call  the  "elasticity"  of  the  body,  although  in 
every-day  language  (and,  indeed,  often  in  a  scientific  sense  also)  we  apply  the 
term  "  elasticity  "  rather  to  the  ability  of  a  body  to  sustain  considerable  distor- 
tion without  losing  its  power  of  returning  to  its  original  shape. 
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(e)  Since  t  t  !  ^ 

Stress  per  unit  of  area  -=»  *w*»»^"«"  f 


and  since 


area 
total  stretch 


stretch  per  unit  of  length  ==-  . 

original  length 


we  may  find  the  modulus  of  elasticity  of  any  material,  from  experiment  upon 
any  specimen  of  it,  thus : 

Modulus  of  elasticity  -    total^:"*8    X  original  length  (1) 

total  stretch  X  area 

From  this  we  have  the  following  equations : 

Total  stress,  in  lbs.         modulus  of         total  stretch  v         area 

required  for  a  given  —  elasticity  in  lbs  X  in  inches  A  in  square  ins  .  .  .(2) 

total  stretch,  in  inches      per  square  inch       original  length  in  inches 

Stress  per  unit  of  area,  modulus  of  stretch  ner 

in  lbs.  per  square  inch,  required  —  elasticity  in  lbs.  X  unit  of  lensrth    •  •  •  ffi) 
for  a  given  stretch,  in  inches  per  square  inch  i«ug*u 

Total  stretch,  in        total  stress  v      original  length,  in  inches 
inches,  under  any  stress"*     in  lbs.     *  modulus  of  elasticity,  v  ar«Mn  •••<*> 

in  lbs.  per  square  inch  A  sq.  ins 

mm  original  length  ^  stress,  in  lbs,  per  square  inch  ,« 

in  inches  modulus  of  elasticity  in  lbs.  per  sq.  inch  ' 

Stretch  per  unit  of  length stress,  in  lbs,  per  square  inch (6) 

modulus  of  elasticity,  in  lbs  per  sq.  in. 

The  modulus  of  elasticity  is  used  chiefly  in  connection  with  the  stiffness  of 
beams  (see  pp.  505  b,  etc.),  and  is  most  readily  found  by  means  of  their  deflections. 
Thus,  in  any  beam,  supported  at  both  ends  and  loaded  at  the  center: 

Modulus  or         (  load    4-    %  weight  of  clear  \  v  cube  of  span 
«WlcUyt  in   -  Vin  lbs.  +  span  ofbeam,  in  lbs  J  x     in  inches       .  .  .(7) 
lbs.  per  sq.  inch  aq  w  deflection,  v  moment  of  inert  ia 

*°  *  in  inches    A    (p.  486)  in-  inches 

°r'  K    _  (W  +  %  w)  I*   ...    (8) 

48  A  I 

If  the  beam  is  rectangular,  this  becomes 

Modulus  of         { .J?**    +  %  wei?M  of  °le*M  X  *$*?*  *J** 
elasticity,  in    =  -in  tbs.  T  span  of  beam,  in  lbs/  A    in  inches        ...(») 

lbs  per  square  inch         a  y;  deflection,  v  breadth,  v  cube  of  depth 

^  in  inches  *   inches    A      in  inches 

*  -  (--:iiT  ■  ■  ■  <■»> 

Corresponding  formulae  for  modulus  of  elasticity  in  beams  otherwise  sup- 
ported and  loaded,  may  be  readily  deduced  from  those  for  deflection  on  p.  505  a. 

(f )  If  equal  additions  of  stress  could  produce  equal  additional  stretches  in  a 
body  to  an  indefinite  extent,  both  within  and  beyond  the  elastic  limit,  then  a 
stress  equal  to  the  Modulus  of  Elasticity  would  double  the  lengfci  of  a  bar  when 
applied  to  it  in  tension,  or  would  shorten  it  to  zero  when  applied  in  compression 
In  other  words,  if  equation  (5), 

total  stretch   =  original  length  ^  stress  per  square  inch 

In  inches  modulus  of  elasticity    ' 

held  good  beyond  the  elastic  limit,  as  it  does  (approximately)  within  that,  limit, 
and  if  we  could  make  the  stress  per  square  inch  equal  to  the  modulus  of 
elasticity,  we  should  have  total  stretch  =  original  length. 
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For  example,  a  one-inch  square  bar  of  wrought  iron  will,  within  the  limit  ol 

elasticity,  stretch  or  shorten,  on  an  average,  about  YT&TTff  °f  its  length  under 
each  additional  load  of  2240  lbs.  If  it  could  continue  to  stretch  or  shorten 
indefinitely  at  this  rate,  it  is  evident  that  12000  times  2240  lbs.,  or  26  880  000  lbs., 
(which  is  about  the  average  modulus  of  elasticity  for  such  bars)  could  either 
stretch  the  bar  to  double  its  length  or  reduce  it  to  zero. 

If  equal  additional  stresses  applied  to  a  bar  could  indefinitely  produce 
stretches,  each  bearing  a  constant  proportion  to  the  increased  length  of  the  6ar,  if 
in  tension;  or  to  the  diminished  length,  if  in  compression;  then  the  same  load 
which  would  double  the  length  of  the  bar  if  applied  in  tension,  would  reduce 
it  to  half  its  length,  if  applied  in  compression. 

(ff)  We  give  below  a  table  of  average  Moduli  off  Elasticity,  in  round 
numbers,  for  a  few  materials;  remarking,  by  way  of  caution,  that,  even  in  the 
case  of  ductile  materials,  the  stretches  produced  by  stresses  within  the  elastic 
limit  are  so  small,  and  (owing  to  differences  in  the  character  of  the  material)  so 
irregular,  that  a  satisfactory  average  can  be  arrived  at  only  by  comparing  many 
experiments ;  while,  in  the  case  of  materials,  such  as  stone,  brick,  etc.,  where 
almost  no  perceptible  stretch  takes  place  before  rupture,  it  is  scarcely  worth 
while  to  give  any  values  as  representing  the  actual  moduli.  Thus,  eighteen 
experiments  upon  a  single  brand  of  neat  cement  for  the  St.  Louis  bridge,  indi- 
cated a  Modulus  varying  from  800  000  to  6  930  000  (!)  pounds  per  square  inch 
in  tension,  and  from  600  000  to  1  500  000  in  compression. 

(h)  Owing  to  the  fact  that  the  stretches  within  the  elastic  limit  are  seldom, 
if  ever,  exactly  proportional  to  the  stresses,  but  only  approximately  so,  the 
modulus  of  elasticity,  as  found  by  experiment  for  a  given  material,  will 
generally  vary  somewhat  with  the  stress  at  which  the  stretch  is  taken. 

Art.  4  (a)  The  stress  beyond  which  the  stretches  in  any  body  increase  per- 
ceptibly faster  than  the  stresses,  is  called  the  limit  of  elasticity  of  that 
body.  Owing  to  the  irregularity  in  the  behavior  of  different  specimens  of  the 
same  material,  and  to  the  extreme  smallness  of  the  distortions  caused  In  most 
materials  by  moderate  loads,  and  because  we  often  cannot  decide  just  when  the 
stretch  begins  to  increase  faster  than  the  load,  the  elastic  limit  is  seldom,  if 
ever,  determinable  with  exactness  and  certainty.*  But  by  means  of  a  large 
number  of  experiments  upon  a  given  material  we  may  obtain  useful  average 
or  minimum  values  for  it,  and  should  in  all  cases  of  practice  keep  the  stresses 
well  within  such  values;  since,  if  the  elastic  limit  be  exceeded  (through  mis- 
calculation, or  through  subsequent  increase  in  the  stress  or  decrease  in  the 
strength  of  the  material)  the  structure  rapidly  fails.  The  table,  below,  give* 
approximate  average  elastic  limits  for  a  few  materials. 

(b)  Brittle  materials,  such  as  stones,  cements,  bricks,  etc.,  can  scarcely  be  said 
to  nave  an  elastic  limit;  or,  if  they  have,  it  is  almost  impossible  to  determine 
it ;  since  rupture,  in  such  bodies,  takes  place  before  any  stretch  can  be  satis- 
factorily measured.  Thus,  in  the  18  specimens  of  one  brand  of  cement, 
referred  to  in  Art.  Sg  above,  the  experiments  indicated  an  elastic  limit  varying 
between  16  and  104  (!)  pounds  per  square  inch  in  tension^  and  from  424  to  1502 
in  compression. 

(c)  Experiments  show  that  a  small  permanent  "  aet "  (stretch)  probably 
takes  place  in  all  cases  of  stress  even  under  very  moderate  loads ;  but  ordiuarily 
it  first  becomes  noticeable  at  about  the  time  when  the  elastic  limit  is  exceeded 
Many  writers  define  the  elastic  limit  as  that  stress  at  which  the  first  marked 
permanent  set  appears. 

(d)  The  elastic  ratio  of  a  material  is  the  quotient,  — gl«jlcjimtt  ^ 

ultimate  strength 
is  usually  expressed  as  a  decimal  fraction. 

*  The  U.  S.  Board  appointed  to  test  Iron,  Steel.  Ac.,  found  a  variation  of  nearly 
4000  lbs.  per  square  inch  in  the  elastic  limit  of  bars  of  one  make  of  rolled  iron, 
prepared  with  great  care  and  having  very  uniform  tensile  strength ;  and,  in 
another  very  carefully  made  iron,  a  difference  of  over  30  percent,  between  two 
bars  of  the  same  size.    Report,  1881,  Vol.  1,  p.  31. 
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(«)  Table  of  Moduli  of  Elasticity  and  of  Elastic  UrnlU  tor 

different  materials. 

The  values  here  given  are  approximate  averages  compiled  from  many  sources. 
Authorities  differ  considerably  in  their  data  on  this  subject.  See  Art.  3  (g)  and 
(A),  and  Art.  4  (a)  and  (6). 


MATERIAL. 


Ash 

Beech 

Birch 

Brass,  cast 

»*        wire 

Chestnut 

Copper,  east . 

"       wire 

Elm 

Glass 

Iron,  cast 

f*      "    average 

"    wrought,  in  either  ( 

bars,  sheets  or  plates ■? 

»•         "         •«    arerage 

"  wire,  hard 

"  wire  ropes 

Larch 

Lead,  sheet.. 

"      wire 

Mahogany 

Oak 

1 *    arerage 

Pine,  white  or  yellow 

Slate 

Spruce. ..•••....»••..«  ...••••.••••••...< 

Steel  bars 

"       "    arerage 

Sycamore 

Teak 

Tin,  cast — 


Modulus 

or  Coeff 

or 

Elasticity. 


lbs  per  sqin. 

1  800  000 
1  .100  000 
1  400  000 
9  200  000 

14  300  000 
1  000  000 

18  000  000 

18  000  000 
1  000  000 
8  000  000 

12  000  000 
to 

23  000  000 

17  500  000 

18  000  000 

to 
40  000  000 
29  000  000 
26  000  000 

15  000  000 
1  100  000 

720  000 

000  000 

400  000 

000  000 

to 

000  000 

500  000 

600  000 

14  500  000 

1  600  000 

29  000  000 

to 

42  000  000 

35  500  000 

1  000  000 

2000  000 

4600  000 


1 
1 
1 

2 
1 
1 


Stretch  or  Compression 

in  a  length  of  10  ft, 

nnder  a  load  of 


1000  lbs  per 
sq  in 


Ins. 

.075 
.092 
.086 
.013 
.009 
.120 
.007 
.007 
.120 
.015 
.010 

to 
.005 
.007 
.006 

to 
.003 
.004 
.005 
.008 
.109 
.167 
.120 
.086 
.120 

to 
.060 
.080 
.075 
.008 
.075 
.004 

to 
.003 
.003 
.120 
.060 
.026 


1  ton  per 
sq  in. 


Ins. 

.168 
.207 
.192 
.029 
.019 


.015 
.015 


.034 
.022 

to 
.012 
.016 
.015 

to 
.007 
.009 
.010 
.018 
.244 


.192 


to 
.134 
.179 
.168 
.018 
.168 
.009 

to 
.006 
.007 


.134 


Approx  elai 
limit. 


lbs  per  sq  la. 

4500 
4000 
5000 
6000 

16000 

4500 

6300 
10000 

2000 

3200 

4500 

to 

8600 

6250 
20000 

to 
40000 
30000 
27000 
13000 

2900 

1100 

1100 

2700 


3300 
3900 

3700 
3300 

34000 

to 
44000 
89000 
4000 
6000 
1600 
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Art.  5  (a)  Resilience  ifl  a  name  given  to  the  work  (as  in  inch-pounds) 
which  must  be  done  in  order  to  produce  a  certain  stretch  in  a  given  body. 
This  work  is  equal  to 

resilience      ^  said  stretch  v  mean  stress  in  pounds  employed  in  producing 
in  inch-pounds  ^    in  inches    A  the  stretch. 

The  total  resilience  is  the  work  done  in  causing  rupture.  The  ilasHc  resilience 
(frequently  called,  simply,  the  resilience)  is  that  done  in  causing  the  greatest 
stretch  possible  within  the  elastic  limit, 

fb)  Suddenly  applied  load*.  Place  a  weight  of  4  lbs.  in  a  spring 
balance,  but  let  it  be  upheld  by  a  string  fastened  to  a  firm  support  in  such  a 
way  that  the  scale  of  the  balance  shall  show  only  1  lb.  By  now  cutting  this 
string  with  a  pair  of  scissors,  we  suddenly  apply  4  —  1=3  lbs. ;  and  the  weight 
will  descend  rapidly,  until,  for  an  instant,  the  scale  shows  about  1  +  twice 
3  =  7  lbs.  In  other  words,  the  load  of  3  lbs.  applied  suddenly  (but  without  iar 
*>r  shock)  has  produced  nearly  twice  \he  stretch  that  it  could  produce  if  added 
grain  by  grain,  as  in  the  shape  of  sand. 

For,  when  the  load  is  first  applied,  the  inherent  forces,  as  noticed  in  Art.  2  («*), 
are  insufficient  to  counteract  its  stress.  Hence  the  load  begins  to  stretch  the 
spring.  The  work  thus  done  is  equal  to  the  product,  suddenly  applied  weight 
of  3  lbs.  X  the  stretch  of  the  spring;  and  it  has  been  expended  (except  a  small 
portion  required  to  counteract  friction)  in  bringing  the  resisting  forces  into 
action,  thus  storing  in  the  spring  potential  energy  (Art.  22,  p.  318 d),  nearly 
sufficient  to  do  the  same  work ;  i.  «.,  to  lift  the  weight  (3  lbs.)  to  the  point  (1  lb. 
on  the  scale)  from  which  it  started.    But  a  portion  of  this  energy  has  to  work 

Sainst  friction  and  th«>  resistance  of  the  air.    Therefore  the  weight  does  not 
le  quite  to  its  original  height. 

The  shortening  of  the  spring  nearly  to  its  original  length  has  now  reduced 
its  inherent  forces  almost  to  zero ;  and  the  weight  again  rails,  but  not  so  far  as 
before.  It  thus  vibrates  through  a  less  and  less  distance  each  time,  and  finally 
comes  to  rest  at  a  point  (4  lbs.  on  the  scale)  midway  between  its  highest  and 
lowest  positions  (1  lb.  and  7  lbs.)  Thus,  within  the  limit  of  elasticity,  a  load 
applied  suddenly  (though  without  shock)  produces  temporarily  a 
st retell  nearly  equal  to  twice  that  which  it  could  produce  If 
applied  gradually;  ».  e.,  twice  that  which  it  can  maintain  after  it  coii.es 
to  rest. 

Remark.  If  the  load  is  added  in  small  instalment!),  each  applied  suddenly, 
then  each  instalment  produces  a  small  temporary  stretch  and  afterward'  main- 
tains a  stretch  half  as  great.  Thus,  under  the  last  small  instalment,  the  bar 
stretches  temporarily  to  a  length  greater  than  that  which  the  total  load  can 
maintain,  by  an  amount  equal  to  half  the  small  temporary  stretch  produced  by 
the  sudden  application  of  the  last  small  instalment. 


Modulus  stretch  in  inches  mean  stress 

Af  rmriliAnnA  ==  P^  ineh  °f  ^n9^  X  in  lbs.  per  square  inch 
or  resilience       at  the  elaBtic  Umit        causing  that  stretch 

If,  as  is  usually  done,  we  assume  this  mean  stress  to  be  %  the  elastic  limit, 
then,  by  formula  (6)  p.  434  e, 

Modulus  elastic  limit  v,  w  ^i„«*j«  h--»i* 

<rf  wailtence  -  lil5auiu,  of  e,^^  X  H  «tartte  Umlt 

nm  1 1/  square  of  elastic  limtt 
modulus  of  elasticity 

The  elastic  resilience  of  any  piece  is  then 

Resilience  =  modulus  of  resilience  X  volume  of  piece  in  cubic  inches. 
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The  modulus  of  resilience  of  a  material  is  a  measure  of  its  capacity  for  resist- 
ing shocks  or  blows. 

Elastic  Ratio.  The  elastic  ratio  of  a  material  is  the  ratio  between  its 
elastic  limit  (Art.  4a,  p.  434  a*)  and  its  ultimate  strength  (Art.  2  c,  p.  434a). 

Thus,  if  the. ultimate  tensile  strength  of  a  steel  bar  be  70,000  pounds  per 
square  inch,  and  its  elastic  limit  in  tension  3U,900  pounds  per  square  inch,  its 
elastic  ratio  is 

39>90°-057 
70,000  ~  °'57' 

Inasmuch  as  it  is  now  generally  conceded  that  the  permissible  working  load 
of  a  material  should  be  determined  by  its  elastic  limit  rather  than  by  its  ulti- 
mate strength,  it  follows  that,  other  things  being  equal,  a  high  elastic  ratio  is 
in  general  a  desirable  qualification ;  but,  on  the  other  hand,  it  is  possible,  by 
modifying  the  process  of  manufacture,  to  obtain  material  of  high  elastic  ratio, 
but  deficient  in  "  body  "  or  in  resilience — i.  e.,  in  capacity  to  resist  the  effect  of 
blows  or  shocks,  or  of  sudden  application  or  fluctuation  of  stress. 

In  the  manufacture  of  steel  it  is  found  that  the  elastic  ratio  is  increased  by 
increasing  the  reduction  of  area  in  hammering  or  roliiug,  and  that  the  rate  of 
increase  of  elastic  ratio  with  reduction  of  area  increases  rapidly  as  the  reduc- 
tion becomes  very  great.  This  is  indicated  by  the  following  experiments  by 
Kirkaldy  on  steel  plates  :* 

Plates  1  inch  thick,  mean  elastic  ratio  0.53 

::  & 


«( 


«i 

It 

ti 

M 

0.53 

u 

t( 

u 

t( 

0.54 

«t 

«( 

M 

M 

0.61 

*  Annual  Report  of  the  Secretary  of  the  Naty,  Washington,  1885,  Vol.  I.  p. 
499;  and  Merchant  Shipping  Experiments  on  Steel,  Parliamentary  Paper,  C. 
2897,  London,  1881. 
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Art*  14 1»»  A  section  may  be  weakened  by  increasing  its 
width.  Id  Art.  14,  p.  231  «,  we  considered  the  ease  where  the  width  of  the  base 
is  fixed  and  where  the  point  of  application  of  the  resultant  of  the  forces  acting 
upon  it  is  shifted  to  different  positions  along  the  base.  We  will  now  notice  the 
case  where  the  resultant  is  applied  at  a  constant  distance  from  one  end  of  the 
base,  but  where  the  base  is  ot  varying  width,  so  that  this  constant  distance  way 
be  equal  to,  or  greater  or  less  than,  the  half  width  of  the  base. 

Let  Fig.  E  represent  a  side  view  of  a  bar  of  uniform  thickness  =  1,*  but  (as 


Scale  of  Unit  Prepares  for  Fig.  E» 

(P^,\  Fhj.R 

*ab        / 

14     114 


Widths.    (ab  =  l) 

shown)  of  varying  width,  and  subjected  to  pressures,  the  resultant  P  of  which 
is  —  1  *  and  passes  through  the  center  of  that  section  a  b  whose  width  is  1* 

The  pressure  per  unit  of  area  of  cross  section  (or  "  unit  stress")  in  the  section 
p  p 

ab  is  then  — =  - „  =P=1*,  and  may  be  assumed  f  to  be  uniformly  dis- 

nb  XI       1 
tributed  over  it. 

But  at  other  sections  of  the  bar  the  resultant  is  nearer  to  one  edge  than  to  the 
other,  and  the  unit  stress  can  then  no  longer  be  assumed  to  lie  uniformly  dis- 
tributed over  the  cross  section,  but,  as  explained  on  pp.  231  o  and  231  ft,  is  a  max- 
imum at  the  edge  nearest  to  the  resultant,  and  diminishes  gradually  and  uni- 
formly f  to  a  minimum  at  the  farther  edge. 

*  We  adopt  the  value  1  for  the  pressure  P,  the  width  ab,  and  the  thickness 
merely  in  order  to  facilitate  the  explanation,  it  is  not  essential  to  the  applica- 
tion of  the  principle. 

t  We  here  suppose  ourselves  dealing  with  a  perfectly  rigid  and  homogeneous 
material.  In  practice,  these  values  would  be  more  or  less  modified  by  yielding 
of  the  particles  under  stress,  by  unevennesses  in  the  surfaces  of  the  supposed 
cross  sectious,  etc.  Nevertheless,  the  general  principle*  here  laid  down  hold 
-*ood. 
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This  is  indicated  by  the  shaded  triangles,  etc.,  in  Fig.  £  and  by  the  curves  in 
Fie.  F,  which  show,  for  the  several  sections  in  Fig.  E,  the  mean  unit  stress* 
and  the  unit  stresses  at  the  upper  and  lower  edges  respectively,  calculated  by  the 
rules  on  pp.  231  a  and  231  b. 

These  stresses  are  also  given  in  the  following  table: 

P 

Unit  Stresses  in  Fig.  E ;  the  unit  stress    -  in  section  a  b  being  taken  as  l.t 

ab  ° 


• 

Stress  per  unit  of  area  of  cross  section. 

Section 

Width 

Mean. 

At  lower  edge  m  e. 

At  upper  edge  nf. 

4.00 

0.25 

0.8125 

—  0.3125  X 

ef 

3.00 

lA 

1.00 

-% 

2.50 

0.40 

1.12 

—  0.32 

2.00 

0.50 

1.25 

—  0.25 

cd 

1.50 

% 

V/s 

0 

1.25 

0.80 

1.28 

0.32 

ab 

1.00 

1.00 

1.00 

1.00 

Kb 

0.75 

VA 

0 

*% 

ikf 

0.50 

2.00 

—  32J 

8.00 

mnlf 

0.25 

4.00 

40.00 

It  is  important  to  notice  that  for  a  given  force  P,  and  for  widths  less 
than  3  a  b,  the  strongest  section  of  this  bar  is  not  the  widest  one,  but  that  (a  b)  at 
which  the  resultant  P  passes  through  thu  center  of  the  section.  In  other  words, 
a  bar  may  be  weakened  by  additions  to  its  cross  section  if 

those  additions  are  such  as  to  cause  the  resultant  of  the  pressures  to  pass  else- 
where than  through  the  center  of  any  cross  section.  This  fact  is  entirely  inde- 
pendent of  the  weight  of  the  added  portion.    . 

Among  the  sections  wider  than  ab,  the  weakest  is  that  (cd)  whose  width 
is  —  1.5  a b.    At  that  section  the  lower  edge  me  has  its  maximum  unit  stress 

(  =  1%X — r)  while  at  d  in  the  upper  edge  there  is  no  pressure.  Beyond  cd 
the  upper  edge  n/is  in  tension%  and  the  unit  pressure  along  me  decreases,  be- 
coming again  =  — -  at  ef,  where  the  width  ef  is  =  3  a  b,  and  decreasing  still 

further  with  further  increase  in  width. 

When  the  width  becomes  less  than  that  at  ab,  as  at  g  h,  etc.,  the  upper  edge  of 
the  bar  comes  nearer  to  the  resultant  than  the  lower  edge,  and  hence  receives 
the  maximum  pressure. 

When  the  width  =  %ab,as  at  gh,  the  distance  of  the  resultant  from  the 
upper  edge  is  %  the  width  of  the  section.    The  pressure  at  the  lower  edge  is 

PI  P 

then  =  0 ;  the  mean  pressure  in  g  h  is  —  X  rzi  =  VA  X  -  .  ,  and  the  pressure  at 

a  b     o.vo  a  b 

P 


the  upper  edge  is  twice  the  mean  pressure  in  g  h,  or  2%  X 


ab' 


*  In  the  case  discussed  on  pp.  231  a  and  231  b  the  mean  pressure  u  n  =  -     , 

uv 

remained  constant  so  long  as  the  entire  surface  u  v  was  called  into  play.  Here, 
on  the  contrary,  the  area  of  the  section  varies.  Hence  the  mean  unit  pressure 
varies  also,  and  inversely  as  the  area. 

t  See  foot-note  *,  p.  434  h. 

X  In  the  present  discussion,  as  well  as  in  that  on  pp.  231  a  and  231  b,  we  have 
assumed  cases  of  compression  for  illustration,  but  the  principle  involved  applies 
equally  to  cases  where  the  force  applied  is  tensile.  In  such  cases,  however,  the 
terms  "  pressure  "  and  "  tension  "  are  of  course  reversed. 

f  The  unit  stresses  at  the  edges  in  section  i  k  are  too  great  to  be  shown  con- 
veniently in  either  figure ;  while  those  in  section  in  n  (as  the  table  shows)  far 

p 
exceed  the  limits  of  the  figures.    The  pressure  at  k  would  be  —  —  oc  (infinity) 

were  it  not  for  the  tensions  in  the  lower  part  of  the  section. 
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When  the  width  becomes  less  than  %  a  b,  as  at  i  k  and  m  n,  the  pressure  at  the 
lower  edge  m  e  becomes  negative  or  tensile.*  Thus,  when,  as  at  i  A,  the  width 
is  —  lA<ib,  and  the  resultaut  passes  through  the  upper  edge,  the  unit  pressure 

P  P 

at  that  edge  is  =  8  X     ,  ,  while  the  lower  edge  sustains  a  tension  of  4  X     .  ;  and, 

as  the  section  is  further  reduced,  these  stresses  are  still  further  and  very  rapidly 
increased  .f 

The  condition  of  those  sections  (such  as  mn)  where  the  line  of  the  resultant 
passes  out-side  the  section,  is  similar  to  that  of  the  section  mn  of  a  bent  hook 
sustaining  a  load,  as  in  Fig.  U.* 


"f~rn 


Tig.  o. 


Fiff.  H. 


Messrs.  William  Sellers  A  Co.,  of  Philadelphia,  had  occasion  to  test  a  number 
of  cast-iron  beams,  each  having  a  large  circular  opening,  as  in  the  annexed 
figure.  These  beams  broke,  not  at  the  smallest  section  directly  under  the  center 
of  the  opening,  but  a  little  to  one  side,  where  the  section  was  deeper,  as  indicated 
in  Fig.  H. 


*  See  foot-note  |,  p.  434  i. 
t  See  foot-note  If,  p.  434  i. 
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Fatigue  of  Materials.  In  the  following  articles  on  Strength  of  Mate- 
rials, the  ultimate  or  breaking  load  is  that  which  will,  during  its  first  application, 
ruptiire  tWe  given  piece  within  a  short  time.  But  Wohler's  and  Span  gen  berg's 
experiments  show  that  a  piece  may  be  ruptured  by  repeated  applica- 
tions of  a  load  much  less  than  this ;  and  that  the  oftener  the  load  is  applied  the 
less  it  needs  to  be  in  order  to  produce  rupture.  Thus,  wrought  iron  which  re- 
quired a  tension  of  59000  lbs  per  sq  inch  to  break  it  in  800  applications,  broke 
with  35000  lbs  per  sq  inch  applied  about  10  million  times ;  the  stress,  after  each 
application,  returning  to  zero  in  both  cases. 

The  rf^f  between  the  maximum  and  minimum  tension  in  a  piece  subjected  to 
tension  only,  or  between  the  max  and  min  compression  in  a  piece  subjected  to 
comp  only;  or  the  sum  of  the  max  tension  and  max  comp  in  a  piece  subjected 
alternately  to  tension  and  comp ;  is  called  the  range  of  stress  in  the  piece. 
When  this  is  less  than  the  elastic  limit,  the  application  may  be  repeated  an 
"enormous  "  number  (say  about  40  million)  of  times  without  rupture.* 

For  a  given  number  of  applications,  the  load  required  for  rupture  is  least  when 
the  range  of  stress  is  greatest.  If  the  stress  is  alternately  comp  and  tension, 
rupture  takes  place  more  readily  than  if  it  is  always  comp  or  always  tension. 
That  is,  it  takes  place  with  a  less  range  of  stress  applied  a  given  number  of 
times,  or  with  a  less  number  of  applications  of  a  given  range  of  stress.  For  a 
given  range  of  stress  and  given  number  of  applications,  the  most  unfavorable 
condition  is  where  the  tension  and  comp  are  equal. 

The  above  facts  are  now  generally  taken  into  consideration  in  designing 
members  of  important  structures  subject  to  moving  loads.  For  instance,  Mr. 
Jos.  M.  Wilson.  C.  E.,  Mem.  Inst.  C.  E  (London  Eng.),  Mem.  Am.  Soc.  C.  E.,  uses 
the  following  formulee  for  determining  the  "  permissible  stress"  in  iron  bridges, 
in  lbs  per  sq  inch ;  in  order  to  provide  the  proper  area  of  cross  section  for  each 
member. 

For  pieces  subject  to  one  kind  of  stress  only  (all  comp  or  all  tension) 


=  «t( 


min  stress  in  the  piece \ 
max  stress  in  the  piece/ 


For  a  piece  subject  alternately  to  comp  and  tension,  find  the  max  comp  and  the 
max  tension  in  the  piece.  Call  the  lesser  of  these  two  maxima  "max  lesser", 
and  the  other  or  greater  oue,  "  max  greater".    Then 

.  / ,         max  lesser    \ 

»  =  ttt  (1—  -a —  ) 

\         2  max  greater/ 

For  a  piece  whose  max  comp  and  max  tension  are  equal,  this  becomes 

— t(t-i)~f 

The  above  a  ia  the  permissible  tensile  stress  in  lbs  per  sq  inch  on  any  mem- 
ber; but  the  permissible  compressive  stress  is  found  by  "  Gordon's  formula"  for 
pillars,  p  439,  using  a  (found  as  above)  as  the  numerator,  instead  off.  For  a  in 
the  divisor  or  denominator  of  Gordon's  formula  (which  must  not  be  confounded 
with  the  a  of  the  foregoing  formula;)  Mr.  Wilson  uses  for  wrought  iron  : 

when  both  ends  are  fixed 36000 

when  one  end  is  fixed  and  one  hinged 24000 

when  both  ends  are  hinged 18000 

Experiments  show  that  materials  may  fail  under  a  long  continued 
stress  of  much  less  intensity  than  that  produced  by  the  ult  or  bkg  load. 

*  This  doea  not  always  hold  in  cases  where  the  elastic  limit  has  been  artificially  raised 
by  process  of  manufacture,  etc.  Oft- repeated  alternations  between  tension  and  compres- 
sion below  such  a  limit  reduce  it  to  the  natural  one.  A  slight  flaw  may  cause  rupture 
under  comparatively  few  applications  of  a  range  of  stress  but  little  greater,  or  even  less, 
than  the  elastic  limit.  Best  between  stresses  increases  the  resisting  power  of  a  piece. 
In  many  cases,  stresses  a  little  beyond  the  elastic  limit,  even  if  oft- repeated,  raise  that 
limit  and  the  strength,  but  render  the  piece  brittle  and  thus  more  liable  to  rupture  from 
shocks  ;  and  a  little  further  increase  of  stress  rapidly  lessens,  or  may  entirely  destroy, 
the  elasticity.  A  tensile  stress  above  the  elastic  limit  greatly  lowers,  or  may  even  destroy, 
the  compressive  elasticity,  and  vice  versa.  If  a  tensile  stress,  by  stretching  a  piece,  reduces 
its  resisting  area,  it  may  thus  reduce  its  total  strength,  even  though  the  strength  per 
tq  in  has  increased.  Mr.  B.  Baker  finds  that  hard  steel  fatigues  much  faster  under  re- 
peated loads  than  soft  steel  or  iron. 
ta  =  850©  lb»  per  sq  Inch  for  rolled  Iron  in  compression 

=  7000  Bm        "  "  "    tension  (pi* tea  or  shapes). 

ss  T600  lbs       "  for  doable  rolled  iron  in  tension  (links  or  rods). 


436 


STRENGTH  OF  MATERIALS. 


Art.  1.     Compressive  strengths  of  American  woods,  when 

slowly  and  carefully  seasoned.  Approximate  averages  deduced  from  many  experi- 
ments made  with  the  U  S  Govt  testing  machine  at  Water  town,  Mass,  k«y  Mr.  S.  P. 
Sharpies,  for  the  census  of  1880.  Seasoned  woods  resist  crushing  much  better 
than  green  ones;  in  many  cases,  twice  as  well.  This  must  be  allowed  for  when 
building  bridges,  Ac,  of  timber  recently  cut.  Different  specimens  of  the  same  wood 
vary  greatly ;  frequently  as  5  to  8, 9,  or  more.    See  Bern  and  foot-note  p  611. 


The  strength*  In  all  these 
tables  may  readily  vary  as 
much  as  one-third  part  more 
•r  less  than  our  average. 


Ash,  red  and  white 

ispen 

Beech 

Birch 

Buckeye 

Jlutternut 

BuUonwood  (sycamore)- 
Cedar,  red 

"     white  (arbor  vit®) 
Catalpa  (Indian  bean)... 

Cherry,  wild 

Chestnut 

Coffee  tree,  Kentucky 

Cypress,  bald 

Elm,  Am'u  or  white 

"    red 

Hemlock M 

Hickory 

Lignum  vitie 

Linden,  American 

Locust,  black  and  yellow 

"       honey 

Mahogany 


End- 
wise.* 

lbs  per 
sqin. 


6800 
4400 
7000 
8000 
4400 
6400 
6000 
6000 
4400 
5000 
8000 
5300 
5200 
6000 
6800 
7700 
5300 
8000 
10000 
5000 
9800 
7000 
9000 


Bide- 

wise* 

lbs  per 
sq  in. 


.01 


1800 

800 

1100 

1300 

600 

700 

1300 

700 

600 

700 

1700 

900 

1300 

500 

1300 

1300 

600 

2000 

1600 

500 

1900 

1600 

1700 


.1 


3000 
1400 
1900 
2600 
1400 
1600 
2600 
1000 
900 
1300 
2600 
1600 
2600 
1200 
2600 
2600 
1100 
4000 
13000 
900 
4400 
2600 
5300 


The  strengths  in  all  these 
tables  may  readily  vary  as 
much  as  one-third  part  more 
or  less  than  oar  average. 


u 

u 


End- 
wise.* 

lbs  per 
sq  In. 


Maple,      broad  -  leafed, 

Oregon 

sugar  and  black., 
white  and  red...- 
Oafc,white,  post  (or  iron) 
swamp  white,  red 

and  black , 

"   scrub  and  basket. 
"   chestnut  and  live... 

"   pin 

Pine,  white , 

"     Red  or  Norwayt  . 
pitch    and  Jersey 

Georgiaf 

Poplar 

Sassafras 

Spruce,  black 

"       white 

Sycamore  (button wood).. 

Walnut,  black 

u      white     (butter 

nut) 

Willow 


u 


(C 


5300 
8000 
6800 


7000 
6000 
7500 
6500 
6400 
6300 

6000 
8600 
6000 
5000 
5700 
4600 
6000 
8000 

6400 
4400 


Side- 

wtae.l 

lbs  per 
sq  In. 


.01 


1400 
1900 
1300 


.1 


2600 
4300 
2900 


1600 
1700 
1600 
1300 
600 
600 

1000 

1300 

600 

1300 

700 

600 

1300 

1300 

700 
700 


4000 

4200 
4600 
3000 

1200 
1400 

2000 
2600 
1100 
2100 
1300 
1200 
2600 
2600 

1600 
1400 


Hence  it  appears  that  seasoned  white  and  yellow  pines,  spruce,  and  ordinary  oaks, 
which  are  the  woods  most  employed  in  the  United  States  for  bridges,  roofs,  etc.,  crash 
endwise  with  from  5000  to  7000  fi>s  per  sq  inch,  in,  »Hort  blocks?/  average,  6000, 

But  it  is  well  to  bear  in  mind  that  in  practice  perfectly  equable  pressure  is  rarely 
secured.  In  a  few  trials  on  sidewise  compression,  with  fairly  seasoned  white  pine 
blocks,  6  ins  high,  5  ins  long,  and  2  ins  wide,  we  found  that  under  an  equally  dis- 
tributed pressure  of  5000  fi>s  total  or  500  lbs  per  sq  inch,  they  compressed  about  from 
"%tol/i  inch ;  which  is  equal  to  from  %  to  V£  inch  per  foot  of  height;  or  from  j^ 
to  jV  of  the  height;  the  mean  being  about  %  inch  to  a  foot,  or  J*  of  the  height. 
Under  10000  lbs  total,  or  1000  lbs  per  sq  inch,  they  split  badly ;  ana  in  some  cases 
large  pieces  flew  off.    See  Rem,  p  500. 

The  tensile  or  cohesive  strengths  of  pine  and  oak  average  about  10000  lbs  per  sq 
inch,  or  %  as  much  as  average  cast-iron,  or  nearly  double  their  resistance  to  crash- 
ing.  The  tensile  strength  does  not  change  with  the  length  of  the  piece;  so  that  in 
practice  we  may  take  its  safe  strain  at  from  1000  to  2000  lbs  per  sq  inch,  depending 
upon  the  character  of  the  structure,  Ac,  without  regard  to  the  length,  except  when 
this  is  so  great  that  two  or  more  pieces  have  to  be  spliced  together  to  make  it;  Urns 
weakening  the  piece  very  much. 

*  Specimens  4  centimetres  (1.57  inch)  square,  32  centimetres  (12.6  ins)  long. 
When  the  length  exceeds  10  times  the  least  side,  see  Wooden  Pillars,  p  468. 

f  Specimens  4  centimetres  (1.57  inch)  square,  16  centimetres  (6.3  ins)  long;  laid 
upon  platform  of  testing  machine.  Pressure  applied  at  their  mid-length,  by  mesas 
of  an  iron  punch  4  centimotres  square,  or  just  covering  the  entire  width  of  the 
specimen,  and  one-fourth  of  its  length.  The  first  column  (headed  ".01  '*)  given  the 
loads  producing  an  indentation  of  .01  inch.  The  second  column  (headed  ".1") 
those  producing  an  indentation  of  .1  inch. 


t  See  foot-note  •  page  403. 
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Art.  2. 
foot,  lor 

of  all  to  be 
split  under 
brickwork 
cording  to 
stones  lose 


Ultimate  average  crashing:  loads  in  tons,  per  sqnare 
stones,  Ac.  The  stones  are  supposed  to  be  on  bed,  and  the  heights 
from  1.5  to  2  times  the  least  side.  Stones  generally  begin  to  crack  or 
about  one-half  of  their  crushing  loads.  In  practice,  neither  stone  nor 
should  be  trusted  with  more  than  %  to  y^th  of  the  crushing  load,  ac- 
circumstances.  When  thoroughly  wet  some  absorbent  sand- 
fully  half  their  strength.    See  head  of  next  page. 


Granites  and  Syenites. 

Basalt 

Limestones  and  Mar- 
bles*  

Oolites,  good 

Sands  tones  fitfor  build- 
ing*  

Sandstone,  red,  of  Con- 
necticut and  N.  Jer- 
sey, to  crack 

Brick* 

Brickwork,  ordinary, 
cracks  with* 

Brickwork,  good,  in  ce- 
ment*   

Brickwork,  first-rate, 
in  cement 

Slate 

Caen  Stone 

"       *'      to  crack 

Chalk,  hard, 

Plaster  of  Paris,  1  day 
old 


Tons  per 
sq.  ft. 


300  to  1200 


250  to  1000 
100  to  250 

150  to  550 


40  to  300 

20  to  30 

30   to   40 

50  to    70 

400  to  800 

70  to  200 


20   to    30 


Mean. 
Tons. 


750 
700 

625 
175 

350 


200 
170 

25 

35 

60 

600 

135 

70 

25 

40 


112.5 
22.5 


Cement,    Portland, 

neat,U.  S.  or  foreign, 

7  days  in  water 75  to  150 

Common  U.S.cements, 

neat,  7  days  in  water    15  to  30 
Concrete  of  Port. 

cement,    sand,   and 

gravel  or  brok  stone 

in  theproper  propor- 

tions.rammedlmold    12  to  18 

6  months  old 48  to  72 

12  months  old 74  to  120 

With  good  common 

hy<i     cements, 

abt  .2  to  .25  as  much 
Coigpnet  beton,  3 

months  old 100  to  150 

Rnbble      masonry, 

mortar,  rough 15  to  35 

Glass,  green,crowu  and 

flint 1300to2300 

or  3  times  that  of  granite. 
Ice,  firmf |   12  to  18  |    15 


Tons  per 
sq.  ft. 


Mean. 
Tons. 


15 
60 
97 


125 
25 


1800 


Crnshing  height  of  Brick  and  Stone. 

If  we  assume  the  wt  of  ordinary  brickwork  at  112  lbs  per  cub  ft,  and  that  it  would 
crash  under  30  tons  per  sq  ft,  then  a  vert  uniform  column  of  it  600  ft  high,  would 
crush  at  its  base,  under  its  own  wt.  Caen  stone,  weighing  130  lbs  per  cub  ft,  would 
require  a  column  1376  ft  high  to  crush  it.  Average  sandstones  at  145  lbs  per  cub  ft, 
would  require  one  4158  ft  high;  and  average  granites,  at  165  lbs  per  cub  ft,  one 
of  8145  feet.  But  stones  begin  to  crack  and  splinter  at  about  half  their  ultimate 
crushing  load;  and  in  practice  it  is  not  considered  expedient  to  trust  them  with  more 
than  V^th  to  j\jth  part  of  it.  especially  in  important  works;  inasmuch  as  settlements, 
and  imperfect  workmanship,  often  cause  undue  strains  to  be  thrown  on  certain 
parts. 

The  Merchants*  shot-tower  at  Baltimore  is  246  ft  high;  and  its  base  sustains  G% 
tons  per  sq  ft.  .  The  base  of  the  granite  pier  of  Saltash  bridge,  (by  Brunei,)  of  solid 
masonry  to  the  height  of  96  ft,  and  supporting  the  ends  of  two  iron  spans  of  455  ft 
each,  sustains  9%  tons  per  sq  ft.  The  base  of  a  brick  chimney  at  Glasgow,  Scotland, 
468  ft  high,  bears  9  tons  per  sq  ft;  and  Professor  Rankine  considers  that  iu  a  high 
gale  of  wind,  its  leeward  side  may  have  to  bear  15  tons.  The  highest  pier  of  Rocque- 
favour  stone  aqueduct,  Marseilles,  is  305  ft,  and  sustains  a  pressure  at  base  of  13)^ 
tons  per  sq  ft.    For  greater  pressures  on  arch-stones,  see  p  694. 

-i  _____  u 

*  Trials  at  St.  Louis  bridge,  by  order  of  Capt  James  B.  Eads,  C.  E., 
■bowed  that  some  magnestaa  limestone  did  not  yield  under  less  than  1100  tons  per  sq  ft.  A  column 
8  ins  higb  and  2  ins  diam  shortened  34  inch  under  pressure ;    and  recovered  when  relieved. 

Experiments  made  with  the  Govt  testing:  machine  at  Water. 
town,  Mass,  1882-3,  gave  1400  tons  per  sq  ft  ultimate  crushg  load  for  white 
and  blue  marble  from  Lee,  Mass,  700  for  blue  marble  from  Montgomery  Co,  Pa,  960  for  limestone  from 
Conshohocken,  Pa,  500  for  limestone  from  Indiana,  840  for  red  sandstone  from  Hnmmelstowu,  Pa, 
200  to  1000  for  yellow  Ohio  sandstone  ;  Phila  bricks,  flatwise ;  hard,  machine-made,  350  to  700  tons ; 
band-made,  700  to  1300;  pressed,  machine-made,  450  to  580;  Brickwork  columns,  13  ins  sq  and  13  ins 
high ;  in  lime,  100  tons ;  in  cement,  150. 

t  Experiments  by  Col.  Wm.  Ludlow.  IT.  8.  A.,  with  Govt  testing  machines,  in  1881,  gave  from  21 
to  64  tons  per  sq  ft  for  pure,  hard  ioe ;  and  16  to  59  tons  for  inferior  grades.  The  specimens  (6  and 
12-inch  cubes)  compressed  ^  to  1  inoh  before  crushing. 
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Sheet  lend  is  sometimes  placed  at  the  joints  of  stone  col- 
umns, with  a  view  to  equalize  the  pressure,  and  thus  increase  the  strength  of  the  column.  But 
experiments  have  proved  that  the  effect  is  directly  the  reverse,  and  that  the  column  is  materially 
weakened  thereby.    Does  this  singular  fact  apply  to  cast  iron  and  other  materials  T 

Art.  3.    Average  crushing'  load  for  Metals. 

It  must  be  remembered  that  these  are  the  loads  for  pieoes  bnt  two  or  three  times  their  least  side  in 
height.    As  the  height  increases,  the  crushing  load  diminishes.    See  "  Strength  of  Pillars,"  p  439. 


The  crashing  load  per  sq  inch,  of  any  material,  is  frequently 
called  its  conetant,  coefficient,  or  modulus,  of  crashing  or  of  com- 
pression. 

Cast  Iron,  usually 

It  is  usually  assumed  at  100000  lbs,  or  say  45  tons  per  sq  inch.  Its 
crushing  strength  is  usually  from  6  to  7  times  as  great  as  its  tensile. 
Within  its  average  elastic  limit  of  about  15  tons  per  sq  inch,  average 
cast  iron  shortens  about  1  part  in  5555 ;  or  %  inch  in  58  ft  under  each 
ton  per  sq  inch  of  load ;  or  about  twice  as  much  as  average  wrought 
iron.  Hence  at  15  tons  per  sq  inch  it  will  shorten  about  1  part  in  370; 
or  full  %  iuch  in  4  feet.  DiSereut  cast  irons  may  however  vary  10  to 
15  per  ot  either  way  from  this. 

U.  S.  Ordnance,  or  gun  metal  :  Some . 

Wrought  iron,  within  elastic  limit 

Its  elastic  limit  under  pressure  averages  about  13  tons  per  sq  inch. 
It  begins  to  shorten  perceptibly  under  8  to  10  tons,  but  recovers  when 
the  load  is  removed.    With  from  18  to  20  tons,  it  shortens  permanently, 

about  w^Q-th  part  of  its  length ;  and  with  from  27  to  30  tons,  about  -j^r10 
part,  as  averages.  The  crashing  weights  therefore  in  the  table  are 
not  those  which  absolutely  maab  wrought  iron  entirely  out  of  shape, 
but  merely  those  at  which  it  yields  too  much  for  most  practical  build- 
ing purposes.  About  4  tons  per  sq  inch  is  considered  its  average  safe 
load,  in  pieces  not  more  than  10  diams  long ;  and  will  shorten  it  %  inch 
in  30  ft.  average. 

Brass,  reduced  ^th  part  in  length,  by  51000 ;  and  %  by 
Copper,  (cast,)  crumbles 

(wrought)  reduced  Jtfth  part  in  length,  by 

Tin,  (cast,)  reduced  -Arth  in  length,  by  8800 ;  and  %  by 
Lend,  (cast,)  reduced  y%  of  its  length,  by  7000  to  7700.... 

"  By  writer.  A  piece  finch  sq,  2  ins  high ,  at  1200  lbs  the  com- 
pression was  1-200  of  the  ht;  at  2000,  1-29;  at  3000,  1-8;  at 
5000, 1-3 ;  at  7000,  1-2  of  the  ht. 

Spelter  or  Zinc,  (cast.)    By  writer.    A  piece  1  inch 

square,  4  ins  high,  at  2000  lbs  was  compressed  1-400  of  its  ht;  at  4000, 
1-200 ;  at  6000,  1-100 ;  at  10000,  1-38  ;  at  20000,  1-15 ;  at  40000  yielded 
rapidly,  and  broke  into  pieces. 
Steel,  224000  lbs  or  100  ton's  shorten  it  from  .2  to  .4  part. 

"        American.    Black   Diamond  steel- works,  Pittsburg,  Penn. 

experiments  by  Lieut  W.  H.  Shock.  U.  S.  N.,  on  pieces  }•$  in 

square;  and  3J<  ins,  or  7  sides  long. 

"       Untempered.  100100  to  104000 

"       Heated  to  light  cherry  red,  then  plunged  into  oil  of  82°  Fah, 

173200  to  199200 

"       Heated  to  light  cherry  red,  then  plunged  into  water  of  79° 

Fah :  then  tempered  on  a  heated  plate,  825400  to  840800... . 
"       Heated  to  light  cherry  red,  then  plunged  into  water  of  79° 

Fah,  275800  to  400000 

•'      Elastic  limit,  15  to  27  tons 

"     Compression,  within  elas  limit  averages  abt 

1  part  in  13300,  or  .1  of  an  inch  in  1 11  ft  per  ton  per  sq  inch ; 
or  .1  of  an  inch  in  5.3  ft  under  21  tons  per  sq  inch. 

Best  steel  knife  edges,  of  large  R  R  weigh  scales 

are  considered  safe  with  7000  lbs  pres  per  lineal  inch  of  edge;  and 

solid  cylindrical  steel  rollers  under  bridges,  and 

rolling  on  steel,  safe  with  V'diam  in  ins  X  3  100  000,  in  lbs  per  lineal 
inch  of  roller  parallel  to  axis.    And  per  the  same,  far 


Ponnds  per 
sq.  inch. 


85000  to  125000 


175000 

22400  to  35840 
29120 


Solid  east  Iron  wheels  rolling  on  wrought  iron,  ^Diam  ins  X  352  000. 

••  •«  «•  "cast  iron, 


V  Diam  ins  X  22*  222. 


Bolld  steel 


"  steel,  \  DiamTns  X  1 300000. 

"  wrought  Iron,  y'DJam  ins  X  1024000. 
"  oast  iron, 


.165000. 
.117000. 
.103000. 
...15500. 
....7350. 


.102050. 
.186200. 
.333100. 


.337800. 
..47040. 


Tons  per 
sq.  inch. 


38  to  56 


78.1 

10  to  16 

13 


73.6 
52.2 
46.0 
6.92 
3.28 


46.6 

83.1 

1+8.7 

150.8 
21 


^Diani  ins  X  850  000. 
From  "  Speoifloations  for  Iron  Drawbridge  at  Milwaukee,"  by  Don  J.  Whittemore,  C.  K. 
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STRENGTH  OF  PILLARS. 

The  foregoing  remarks  on  crushing  or  compressive  strength  refer  to  that  of 
pieces  so  short  as  to  be  incapable  of  yielding  except  by  crushing  proper.  Pieces 
lunger  in  proportion  to  their  diameter  of  cross  section  are  liable  to  yield  by 
bending  sideways.    They  are  called  pillars  or  columns. 

The  law  governing  the  strength  of  pillars  is  but  imperfectly  understood;  and 
the  best  formulae  are  rendered  only  approximate  by  slight  unavoidable  and  un- 
suspected defects  in  the  material,  straightness  and  setting  of  the  column.  A 
very  slight  obliquity  between  the  axis  of  a  pillar  and  the  line  of  pressure  may 
reduce  the  strength  as  much  as  50  per  cent;  and  differences  of  10  per  cent  or 
more  in  the  bkg  load  may  occur  between  two  pillars  which  to  all  appearances 
are  precisely  similar  and  tested  under  the  same  conditions.  Hence  a  liberal 
factor  of  safety  should  be  employed  in  using  any  formula?  or  tables  for  pillars. 
See  "  factor  of  safety  "  p  442,  and  at  foot  of  p  446. 

Iu  our  following  remarks  on  this  subject,  the  pillars  are  supposed  to  sustain 
a  constant  load;  and  the  ultimate  or  breaking  load  referred  to  is  that  one  which 
would,  during  its  first  application,  cripple  or  rupture  the  pillar  in  a  Bhort  time. 
But  struts  in  bridges  etc  often  have  to  endure  stresses  which  vary  greatly  in 
amount  from  time  to  time.  Their  ultimate  load  is  then  less.  For  such  cases 
see  p  435. 

Long  pillars  with  rounded  ends,  as  in  Fig  1,  have  less  strength  than 
those  with  flat  ends,  whether  free  or  firmly  fixed.    See  table  p  442,  which 
also  shows  that  iu  short  columns  the  difference  in  this  respect  is 
but  slight. 

In  iron  bridges  and  roofs,  the  ends  of  the  pillars  and  of  oblique 
struts  are  frequently  sustained  by  means  of  pins  or  bolts  passing 
through  (across)  them,  at  either  one  or  both  ends,  as  at  p.  Fig  1. 
See  also  p  612.  These  we  will  call  hinged  ends.  Our  table 
Fig.  1.  p  442,  shows  that  pillars  so  fixed  are  about  intermediate  in 
strength  between  those  with  flat  and  those  with  round  ends. 
There  is  much  uncertainty  about  this  and  all  such. matters.  The 
strength  of  a  given  hinged -end  pillar  is  increased  to  an  important 
extent  by  increasing  the  diameter  of  the  pin. 

The  formula  in  most  general  use  for  the  strength  of  pillars, 

is  that  attributed  to  Prof.  Lewis  Gordon  of  Glasgow,  and 

called  by  his  name.    With  the  use  of  the  proper  coefficients  for  the  given  case, 

it  gives  results  agreeing  approximately  with  averages  obtained  in  practice  with 

pillars  of  such  lengths  (say  from  10  to  40  diams)  as  are  commonly  used. 

It  is  as  follows 

Breaking  load  in  lbs  per  sq  inch  _.  f 

of  area  of  cross  section  of  pillar  72 

1  +  -1— 
in  which  r    a 

f  is  a  coefficient  depending  upon  the  nature  of  the  material  and  (to 
some  extent)  upon  the  shape  of  cross  section  of  the  pillar.  It  is  often  taken, 
approximately  enough,  as  being  the  ult  crushing  strength  of  short  blocks  of  the 
given  material.  For  good  American  wrought  iron,  such  as  is  used  for  pillars. 
40000  is  generally  used ;  for  cast  iron  80000.  Mr.  Cleeman*  found  for  mild  steel 
(.15  per  cent  carbon)  52000;  and  for  hard  steel  (.36  per  cent  carbon)  83000  lbs. 
Mr.  C.  Shaler  Smith  gives  5000  for  Pine.    See  p  458. 

a,  for  wrought  iron,  Is  usually  taken  as  follows :  a  = 

when  both  ends  of  the  pillar  are  flat  or  fixed 36000  to  40000 

when  both  ends  of  the  pillar  are  hinged 18000  to  20000 

when  one  end  is  flat  or  fixed,  and  the  other  hinged...  24000  to  30000 

For  cast  iron  about  one  eighth  of  these  figures  is  generally  used ;  and  for  pine 
about  one  twelfth. 

1       is  the  length  of  the  pillar.    If  the  pillar  has,  between  its  ends,  supports 
which  prevent  it  from  yielding  side-ways,  the  length  is  to  be  measured 
between  such  supports.    See  lines  11  to  18,  p  457. 
r       is  the  least  radius  of  gyrationf  of  the  cross  section  of  the  pillar,  iandr 
must  be  in  the  same  unit ;  as  both  in  feet,  or  both  in  inches. 


•  Proceedings  Engineers'  Club  of  Phila,  Nov  1884. 
t  See  p  440. 
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Radios  Of  gyration.  Suppose  a  body  free  to  revolve  around  an  axis  which 
passes  through  it  in  anj  direction ;  or  to  oscillate  like  a  pendulum  bnug  from  n  point 
of  suspension.  Then  suppose  in  either  case,  a  certain  given  amount  of  force  to  be 
applied  to  the  ltody.  at  a  certain  giveu  dist  from  the  axis,  or  from  the  point  of  sus- 
pension, so  as  to  impart  to  the  body  an  angular  vel ;  or  in  other  words,  to  cause  it 
to  describe  a  number  of  degrees  per  sec.  Now,  there  will  be  a  certain  point  in  the 
body,  such  that  if  the  entire  wt  of  the  body  were  there  concentrated,  then  the  same 
force  as  before,  applied  at  the  same  dist  from  the  axis,  or  from  the  point  of  suspen- 
sion as  before,  would  impart  to  the  body  the  same  angular  motion  as  before.  This 
poiut  is  the  center  of  gyration  ;  and  its  dist  from  the  axis,  or  from  the  point  of  sus- 
pension, is  the  Radius  of  gyration,  of  the  body.  In  the  case  of  areas,  as  of  cross- 
sections  of  pillars  or  beams,  the  surface  is  supposed  to  revolve  al*>nt  an  imaginary 
axis ;  and,  uuless  otherwise  stated,  this  axis  is  the  neutral  axis  of  the  area,  which 
passes  through  its  center  of  gravity.    Then 

Radius  of  gyration  =  i/**00160*  of  inertia  -s-  Area 

Square  of  radios  of  gyration  =  Moment  of  inertia  -=-  Area 

For  moment  of  inertia,  see  p  486. 

In  a  circle,  the  radius  of  gyration  remains  the  same,  no  matter  in  what  direc- 
tion the  neutral  axis  may  be  drawn.  In  other  figures  its  length  is  differeut  for 
th«  different  neutral  axes  about  which  the  figure  may  be  supposed  to  be  capable 
of  revolving.  Thus,  in  the  I  beam  Fig  18,  p  521,  the  radius  of  gyration  about  the 
neutral  axis  X  Y  is  much  greater.than  that  about  the  longer  neutral  axis  WZ. 
In  rules  for  pillar*  the  least  radius  of  gyration  must  be  used. 

The  following  formulae  enable  us  to  find  the  least  radius  of  gyration,  and  the 
square  of  the  least  radius  of  gyration,  for  such  shapes  as  are  commouly  used  for 
pillars.  . 


Shape  of  cross  section 
of  pillar 


Solid  square 


Least  radios 


Square  of 

Af  „.«.__ #lA_    least  radios 
of  gyration    mgmywmUmm 

side  side2 


1/12 


12 


P---D--*; 


I 


Hollow  square  of  uniform 
thickness 


/D»  +  d» 

I      12 


TA  +  & 
12 


Solid  rectangle 


least  side 


V  12 


least  side* 
12 


r — A — a 

T  Hollow  rectangle  of  uniform  A< 
U  thickness  \ 


Solid  circle     ~ 


/   CA- c»« 
/l2  (CA  —  ca) 


C»A  —  <*a 


diameter 


12  (CA  — ca) 

diameter* 
1<S 


Hollow   circle  of  uniform 
thickness 


v 


d*  +  d* 


16 


D*-r  <i» 
16 


*  ^12  =  about  8.4*41. 
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The  following:  are  only  approximate: 

Shape  of  cross  section  Least  radins    if!SL?*1IS?£«i 

of  pillar  of  gyration    S^EffiE? 


-Du. 


Phoenix  column.    (See  p  449)        D  X  0.3636 
Carnegie  Zrbar  column. 

(Seep  456)       BX  0.590 


D*  X  0.1322 
B*X  0.348 


JF~* 


I  beam.    (See  p  521) 


F 

4.58 


F» 
21 


K--FH 


Channel.    (Seep 521) 


3.54 


F» 

12.5 


Deck  beam.    (See  p  521) 


6 


36.5 


Angle,  with  equal  legs 

(Seep  525) 


5 


F» 

25 


Angle,  with  unegual  legs  F/  FV* 

(See  p  525)         2.6  (F  +  /)  13  (F*  +  /*) 


T,  with  F  =  / 


(See  p  525) 


k 

L 


Cross,  with  F=/ 


4.74 


22.5 
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Table  of  approximate  average  ultimate  loads  in  lbs  per 
square  inch,  us  found  by  experiment  with  carefully  prepared  specimens.  In 
practice,  allowance  must  be  made  for  tbe  rougher  ciiaracter  of  actual  work,  for 
jarrings  etc  etc. 


o 

to 

Pencoyd  Augb 

38,  Tees, 

I  beams  and  Channels.* 

Phoenix 
coluuins.f 
See  p  449. 

o 

ao 

a 

See  pp  521  to  527. 

3 

ast  rj 
tion. 

Steel. 

Iron 

. 

Iron. 

*j  a 

»  © 

09  "^* 

—  u 
T  bo 

Hard;  .36 
Iter  cent 

Mild;  .12 
per  cent 

•-»•  OB 

carbon 

carbon 

60 

a 

Flat 

Flat 

Fixed 

1  Flat 

Hinged 
ends 

Round 

Flat 

60 

ends 

ends 

ends 

eudt* 

ends 

ends 

3 

67200 

3 

17 

50400 

17 

20 

100000 

70000 

46000 

46000 

46000 

44000 

48000 

20 

30 

74000 

51000 

43000 

43000 

43000 

40250 

40000 

30 

40 

62000 

46000 

40000 

40000 

40000 

36500 

37000 

40 

50 

60000 

44000 

38JO0 

38000 

38000 

33500 

37000 

60 

60 

58000 

42000 

30000 

36000 

36000 

30500 

37000 

60 

70 

55500 

40000 

34003 

34000 

33750 

27750 

37000 

70 

80 

53000 

38000 

32000 

32000 

31500 

25000 

36000 

80 

90 

49700 

36000 

31000 

30900 

29750 

22750 

35000 

90 

100 

46500 

34000 

30000 

29800 

28000 

20500 

35000 

100 

120 

40000 

30000 

28000 

26300 

24300 

16500 

34500 

120 

140 

33500 

26000 

25500 

23500 

21000 

12800 

140 

160 

28000 

22000 

23000 

20000 

16500 

9500 

160 

200 

19000 

14800 

17500 

14500 

10800 

6000 

200 

300 

8500 

7200  1 

9000 

7200 

5000 

2800 

300 

The  following  simple  formula,  by  Mr.  D.  J.  Whittemore,  was  found  to 
agree  very  closely  with  the  results  of  the  experiments  on  Phoenix  columns  rf 


Breaking  load  in  lbs 

per  sq  inch  of  area  =  [(1200— H)  X  30]  + 

of  cross  section  of  pillar 


525000 
H* 


where  H  = 


length  of  pillar 
diam  D,  fig  p  449 


both  in  the  same  unit. 


See  also  p  443. 

Mr.  Christie*  adopts  the  following  formula?  for  obtaining  the  proper  factor 
Of  safety  for  pillars  of  wrought  iron  or  steel: 


For  flat  and  fixed  euds,  Factor  of  safety  =  3  +  ( .01 


length 


-,) 


For  hinged  and  round  ends,     Factor  of  safety 


y  =  s  +  ( 


015 


least  rad  of  gy 

length 
least  rad  of  gyr 


It  will  be  noticed  that  the  factor  of  Bafetv.  as  found  hy  these  formulae,  in- 
creases with  the  ratio  of  the  length  of  tho  pillar  to  the  least  ra«iius  of  gyration 
of  its  cross  section;  and  is  greater  for  round  and  hinged  ends  than  for  flat  and 
fixed  ends.    See  foot  of  p  446. 


•  See  "  Wrought  Iron  and  8teel  In  Construction  ",  br  Pencoyd  Iron  Works ;  published  by  John 
Wllw  A  Sons,  New  York,  1884. 
t  See  Transactions,  American  Society  of  Civil  Engineers ;  Jon.  Feb  and  March  1883. 
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Ultimate  erlpplinjr  strengths  in  lbs  per  sq  inch  of  mettii 
seetlon  of  the  four  wronjrht  iron  pillars  below.  These  formulas 
are  deduced  by  Chs.  Shaler  Smith,  from  many  tests  by  G.  Bouscaren,  C.  E.,  of 
large  pillars  of  good  American  iron.  The  lower  Table  is  an  abridgment  of  the 
full  ones  by  C.  L.  Gates,  C.  £.,  in  the  Trans.  Am.  Soc.  C.  E.,  Oct,  1880. 

length  between  end  bearings ......  ,  .    .    ,  . 

—  both  in  the  same  measure ;  and  is  to  be  squared. 


H  = 


least  diameter  d 


For  safety  take  from  %  to  %,  according  to  circumstances. 


— l»w5' — 


Flat  ends. 


One  pin  end- 
Two  pin  ends. 


42500 


1  + 


H* 


4500 
40000 


1  + 


H* 


2250 
36600 


J  + 


1500 


36500 


1  + 


H« 


3750 

36500 

H* 
1  +  — - 
T2250 

36500 


1  + 


1750 


=** 


d    iJ 
36500 

i+H* 

T2700 
36500 

T1500 
36500 

i  +  ^Ss 

Ultimate  and  safe  loads  in  lbs  per  sq  inch,  of  the  above  four  pillars,  wifb 
flat  ends,  and  equally  loaded.  Coef  of  Safety  =  4  +  .05  H.  By  C.  L.  Gates,  C.  E. 


H. 

A.  Square  Col. 

B.  Phoenix  Col. 

C.  American  Coi. 

D.  Common  Col. 

Ult. 

Safe. 

Ult. 

Safe. 

Ult. 

Safe. 

Ult. 

Safe. 

15 

37067 

7822 

40476 

8521 

34434 

7249 

33693 

7093 

16 

36876 

7683 

40212 

8377 

34167 

7118 

33339 

6946 

18 

36470 

7443 

39645 

8091 

33597 

6856 

32589 

6651 

20 

36024 

7205 

39030 

7806 

32982 

6596 

•  31790 

6358 

22 

35544 

6970 

38373 

7524 

32327 

6338 

30952 

6069 

25 

34767 

6622 

37317 

7110 

31285 

5959 

29639 

5646 

30 

33344 

6063 

35424 

6440 

29435 

5352 

27375 

4977 

35 

31806 

5531 

33406 

5810 

27512 

4789 

25108 

4367 

40 

30198 

5033 

31352 

5226 

25584 

4264 

22919 

3820 

45 

28562 

4570 

29310 

4690 

23701 

3792 

20657 

8337 

50 

26932 

4143 

27321 

4203 

21900 

3369 

18952 

2916 

55 

25333 

3728 

25415 

8765 

202a3 

3004 

17214 

2550 

60 

23787 

3398 

23611 

3373 

18621 

2660 

15643 

2235 

31 
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pressed.     The  hut  is  r»rely  the  cue  Id  (irartici!.     If  I  In.-  plllor  I*  reVtanKH- 


Hollow 

Hollow 

Solid 

Ron  ml. 

Solid 

I^SSflLS 

'1™M''SS.™ir 

STiSS'™»«Kr 

1 

„,"  ^u^o. 

1 

1 

Cart. 

Wrt. 

c 

I 

*l 

Wrt. 

Ca't. 

Wrt. 
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Table  1.     HOLLOW  GTLIND  CAST  IRON  PILLARS. 

Breaking  load*,  flat  ends,  perfectly  true,  and  firmly  fixed; 
and  the  load*  pressing;  equally  on  every  part  of  Ihe  top. 

For  dlams  or  lengths  Intermediate  of  those  In  the  table,  the 

Vor'thicBn esses  less  than  those  In  the  table,  the  breaking  toada 


If  the  new  thick  n< 


s  not  exceed  about  yt  part 


a 

CABT  IKOH,     TBICKHEBB  %  [SUM.    (Orlrt-L, 

r 

Oawr  Diamator  la  InaW 

■'■< 

Ht 

1 

l 

Z-- 

*£" 

1 

1 

Weiphr.  of  1  foot  of  length  of  pillar  la  p 
LSI  |      4.81  |      I..M  |    -i.l.i     |      6.711      7 117  I      lf«  I    10.1  T 


Weight  of  1  foot  of  length  of  pillar,  IB  ponnde. 
Are*  of  ring  of  eolid  metal.  In  iqoare  inohi-a. 
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Table  1.    HOLLOW  CYLIND  CAST  IRON  PILLARS. 

BREAKING  LOADS.— (Continued.)  By  Gordon's  Rule. 


bo" 

a  <K 


4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
55 
60 
65 
70 
80 
90 
100 


CAST  IBON.     THICKNESS  1  INCH.    (Original.) 

Outer  Diameter  in  Inches. 

12 

13 
Ton*. 

14 

15 

16 

18 

20 

22 

24 

27 

30 

36 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1188 

1301 

1415 

1530 

1645 

1874 

2103 

2330 

2557 

2*96 

3296 

8915- 

1138 

1253 

1868 

1484 

1601 

1833 

2066 

2295 

2525 

2b66 

3208 

3890 

1065 

1184 

1303 

1423 

1543 

1779 

2015 

2247 

2479 

2824 

3170 

3860 

989 

1110 

1231 

1355 

1475 

1716 

1957 

2193 

2430 

2780 

3128 

3823 

909 

1030 

1152 

1275 

1399 

1644 

1889 

2129 

2369 

2723 

8076 

3778 

829 

949 

1071 

1195 

1320 

1566 

1813 

2056 

2300 

2659 

8016 

8726 

756 

873 

992 

1114 

1237 

1484 

1733 

1979 

2226 

2589 

2951 

3668 

683 

796 

913 

1034 

1155 

1401 

1651 

1899 

2147 

2515 

2879 

3604 

619 

727 

840 

958 

1077 

1320 

1568 

1817 

2066 

2437 

2805 

3536 

659 

663 

772 

887 

1002 

1241 

1486 

1734 

1982 

2356 

2726 

3464 

508 

606 

709 

818 

929 

1163 

1404 

1650 

1*99 

2272 

2644 

3387 

459 

553 

651 

756 

863 

1090 

1326 

1570 

1816 

2188 

2560 

8308 

418 

506 

598 

697 

800 

1020 

1250 

1489 

1733 

2103 

2475 

8226 

380 

462 

549 

644 

743 

954 

1178 

1412 

1653 

2020 

2392 

3143 

847 

424 

506 

595 

689 

893 

1110 

1338 

1575 

1938 

2308 

3059 

318 

390 

467 

552 

641 

836 

1046 

1268 

1500 

1857 

2225 

2974 

292 

359 

432 

511 

596 

783 

984 

1199 

1427 

1779 

2143 

2889 

268 

331 

400 

475 

556 

734 

928 

1136 

1361 

1704 

2063 

2804 

247 

305 

370 

441 

518 

687 

874 

1076 

1296 

1630 

1984 

2720 

229 

283 

344 

411 

484 

645 

825 

1019 

1232 

1560 

1909 

2636 

212 

263 

321 

383 

452 

605 

776 

963 

1169 

1491 

1834 

2552 

197 

246 

299 

H58 

423 

569 

734 

915 

1114 

1428 

1765 

2474 

183 

229 

280 

335 

397 

536 

694 

869 

1060 

1367 

1696 

2396 

170 

213 

261 

314 

373 

505 

656 

824 

1008 

1306 

1627 

2319 

144 

181 

222 

269 

320 

438 

573 

.725 

893 

1172 

1474 

2135 

124 

157 

192 

233 

278 

383 

503 

641 

795 

1054 

1333 

1964 

105 

134 

165 

202 

242 

335 

443 

568 

709 

951 

1211 

1808 

93 

118 

146 

178 

213 

297 

894 

507 

636 

853 

1099 

1664 

73 

92 

113 

139 

168 

235 

815 

408 

516 

705 

914 

1414 

58 

73 

91 

112 

136 

191 

257 

835 

426 

586 

768 

1209 

48 

60 

75 

92 

|     112 

157 

213 

279 

356 

491 

651 

1040 

c 
© 

■J 


4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
55 
60 
65 
70 
80 
90 
100 


Weight  of  one  foot  of  length  of  pillar,  in  pounds. 

108 1  118  |  128  |  138  |  147  |  167  |  187  |  206  |  226  |  255  |  285  |  344 

Area  of  ring  of  solid  metal,  in  square  inches. 
34.6  |    37.7  [    40.8  |    4t.0  T    47.1  |    53.4  |    59.7  |    66.0 1  72.2   1    81.7   |    91.1  |  110.0 


5^ 


10 

15 

20 

SO 

40 

50 

60 

70 

80 

90 

100 

110 

125 

150 


CAST  IRON.    THICXNB8S  3  INCHES     (Original.) 

Outer  Diameter  in  Feet. 

3 

3* 

4 

4* 

5 

5* 

6 

7 

8 

10 

12 

Ton*. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

10806 

12878 

14908 

16967 

18986 

21038 

23052 

27143 

SI  196 

89254 

47375 

10463 

12564 

14628 

16712 

18754 

20825 

22866 

26972 

31046 

39133 

4727S 

QQtafi 

WVD 

12150 

14250 

16369 

18440 

20533 

22686 

26737 

30837 

38962 

471S1 

8884 

11102 

13275 

15459 

17593 

19743 

21847 

26084 

30257 

38486 

46729 

7688 

9907 

12113 

14344 

J6531 

18735 

20891 

25224 

29476 

37888 

46176 

6664 

8702 

10888 

13126 

15341 

17580 

19780 

24107 

28682 

S7037 

46484 

5563 

7575 

9690 

11892 

14100 

16349 

18570 

23049 

27460 

S6I0S 

44666 

4704 

6570 

6576 

10702 

12870 

15097 

17319 

21824 

26287 

36068 

43737 

3998 

dOW 

7570 

9595 

11692 

13873 

16070 

20566 

25048 

83924 

4S712 

3417 

4953 

6683 

8588 

10594 

12706 

14866 

19304 

23791 

82726 

41670 

2940 

4321 

6909 

7665 

9588 

11614 

18700 

18065 

22521 

31481 

40438 

2647 

3788 

6238 

6888 

8677 

10606 

12613 

16869 

21270 

soils 

39220 

1950 

2954 

4400 

5864 

7483 

9257 

11132 

14650 

19448 

276S4 

86692 

1632 

2350 

3353 

4547 

5900 

7417 

9058 

12701 

16668 

25182 

S4127 

Weight  of  one  foot  of  length  of  pillar,  in  pounds. 

972  |  1150  |  1325  |  1503  |  1678  |  1856  |  2031  |  2388  |  2740  |  3444  |  4153 
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Coefficients  of  safety  for  hollow  cast  Iron  pillars. 

Mr.  James  B.  Franols,  of  Lowell.  Mas*.,  a  high  authority,  In  his  "Tables  of  Cast  Iron  Pillar*." 
recommends  that  in  order  to  allow  for  unequal  loading,  imperfect  easting,  bad  end  bearings,  side 
blows.  Ao.,  we  should  not  take  the  safe  load  at  mora  than  one-fifteenth  of  Hodgkinson's  breaking 
load,  if  the  pillars  are  roughly  east,  and  the  ends  not  perfectly  planed  and  adjusted;  and  one-fifth 
when  they  are  so.  and  the  load*  about  equally  distributed. 

It  will  be  seen  by  the  last  table  on  p  462,  how  our  Gordon's  loads  differ  from  Hodgkl n son's ;  but 
we  think  that  the  same  proportions  of  ours  may  be  taken  as  safe:  depending  oa  the  abore  eoo 
ditiens. 
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HOLLOW  CYLINDRICAL  WROUGHT  IRON  PILLARS. 

Table  4,  of  breaking  loads  In  tons  of  bollow  cylindrical 
wrongbt  Iron  pillars,  with  flat  ends,  perfectly  true,  and 
firmly  fixed,  and  the  loads  pressing  equally  on  every  part 
of  tbe  top.  Calculated  by  Gordon's  formula.  No  pains  have  been  taken  to  have 
the  last  figure  of  the  loads  perfectly  correet  in  every  case. 

(Original.) 
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WROUGHT  IRON.    THICKNESS  H  INCH. 


Outer  diameter  in  inches. 


I        1        I      IX      I      1*     I      IK     I       2        |      2*      |      2*      |    2*      | 


BREAKING 

LOAD 

t 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Ton*. 

Tods. 

8.64 

5.27 

6.88 

8.50 

10.1 

11.7 

13.2 

14.8 

16.4 

2.94 

4.64 

6.S2 

8.00 

9.6 

11.2 

12.8 

14.5 

16.1 

2.30 

3.86 

6.57 

7.28 

8.9 

10.6 

12.2 

13.9 

15.6 

1.77 

3.13 

4.74 

6.36 

8.1 

9.9 

11.6 

13.3 

15.0 

1.38 

2.51 

4.07 

5.66 

7.3 

9.1 

10.8 

12.5 

14.2 

1.04 

2.03 

3.46 

4.91 

6.6 

8.3 

9.9 

11.6 

13.4 

.81 

1.65 

2.91 

4.24 

5.7 

7.4 

9.1 

10.8 

12.6 

.61 

1.36 

2.46 

3  67 

6.1 

6.7 

8.3 

9.9 

11.7 

.50 

1.05 

2.03 

3.18 

4.5 

6.0 

7.5 

9.1 

10.8 

.41 

.95 

1.75 

2.77 

4.0 

5.4 

69 

84 

10.1 

.34 

.81 

1.52 

2.41 

3.6 

4.8 

6.2 

7.7 

9.3 

.29 

.70 

1.34 

2.14 

3.2 

4.3 

6.6 

7.0 

8.6 

.24 

.60 

1.16 

1.88 

2.8 

3.9 

5.2 

6.5 

8.0 

.21 

.53 

1.03 

1.69 

2.5 

8.5 

4.7 

6.0 

7.4 

.19 

.47 

.91 

1.60 

2.3 

3.2 

4.3 

5.5 

6.9 

.18 

.42 

.84 

1.38 

2.1 

2.9 

4.0 

5.1 

6.4 

.14 

.33 

.67 

1.11 

1.7 

2.4 

8.4 

4.4 

5.6 

.27 

.55 

.91 

1.4 

2.0 

2.8 

3.7 

4.7 

.9 

1.4 

2.0 

2.6 

8.4 

.820 


Tons. 

•18.0 

17.8 

17.3 

16.7 

16.0 

15.2 

14.4 

13.5 

12.6 

11.8 

11.0 

10.2 

9.5 

8.9 

8.3 

7.7 

6.8 

5.8 

4.2 


Area  of  ring  of  solid  metal,  in  square  inches. 
.246     |    .344      |     .442     |     .540    |     .638     |     .786    |    .835     |     .933     |    1.03 
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Weight  of  one  foot  of  length  of  pillar,  in  pounds. 
|     1.15     |     1.47     |     1.80     |    2.13     |     2.45    |     2.78     |     3.11     |    3.43     1 8.77 
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WROUGHT  IRON.    THICKNESS  X  INCH. 


Outer  diameter  in  inches. 


»     I  «K      I    «H   I     »**   I 


I     »K   I     *     1  *H     15      |    5«  |     6 


BREAKING    LOAD. 


Tons. 

21.9 

21.1 

19.9 

18.6 

17.0 

15.4 

13.9 

12.5 

11.2 

10.0 

9.0 

8.1 

7.3 

6.6 

6.0 

5.5 

4.5 

8.8 


Tons. 

25.4 

243 

23.1 

21.8 

20.4 

18.8 

17.3 

15.6 

14.2 

13.0 

10.7 

10.6 

9.6 

8.8 

8.0 

7.3 

6.0 

5.1 


Tons. 

28.S 
27.6 
26.4 
25.8 
23.5 
22.1 
20.5 
19.1 
17.5 
16.1 
15.7 
13.5 
12.4 
11.8 
10.4 
9.5 
8.0 
6.8 


Tons. 

31.4 
30.7 
29.7 
28.5 
27.3 
25.7 
23.8 
22.3 
20.6 
19.1 
17.6 
16.4 
15.1 
14.0 
12.9 
12.0 
10.3 
8.7 


Tons. 

34.5 
33.9 
33.0 
31.9 
30.7 
29.2 
27.8 
25.9 
24.3 
22.7 
21.1 
19.6 
18.2 
17.0 
15.8 
14.6 
12.7 
11.0 
7.9 


Tons. 

40 
40 
89 
3d 
37 
86 
34 
82 
80 
29 
27 
26 
24 
23 
21 
20 
18 
16 
12 


Tons. 

47 
47 
46 
45 
44 
43 
41 
40 
38 
87 
35 
33 
31 
SO 
28 
27 
24 
21 
16 
13 
10 


Tons. 

63 
63 
52 
51 
60 
49 
47 
46 
44 
43 
41 
40 
38 
36 
84 
33 
30 
27 
21 
17 
14 


Tons. 

Tods. 

60 

66 

60 

66 

69 

65 

68 

64 

57 

63 

66 

62 

64 

61 

58 

60 

61 

58 

60 

57 

48 

65 

46 

54 

44 

62 

48 

51 

41 

49 

40 

47 

87 

43 

84 

40 

27 

33 

22 

27 

18 

22 

14 

18 

11 

15 

8 

12 

Tons. 

72 
72 
71 
71 
70 
69 
68 
67 
65 
64 
62 
61 
59 
57 
65 
54 
50 
47 
39 
32 
27 
23 
19 
16 


Weight  of  one  foot  of  length  of  pillar,  in  pounds. 
4.60    |    5.28      |    6.90     |    6.53    |    7.20    |    8.50    1    9.83    |    11.1    |    12.4    |    18.7    |    15.0 
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Are*  of  ring  of  solid  metal,  in  square  inches. 

1.38    j    1.57      j    1.77     |    1.96    |    2.16    |    2.55    |    2.95    |    8.34    |    8.78    j    4.12    |    4.51 
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HOLLOW  CTLIllOEiaL  WBOVGHT  IKON   1 
Table  4,  (Conltmiri.)    (Origin.!.) 


WROUGHT  IHON      THICKNMBS  *  INCH. 

Outer  diameter  in  inenw. 

s     1  IK  |    6    |  «i  1    1    MM  1    a    |  e*   |    e     1    to    1    n    1    n 

.3 

1 

1 

1 

I 

1 

?; 

r 

I 

1 

1 

| 

| 

1 

1 

Wfllflht  of  on«  loot  of  l<:ngth  of  pillar.  In  pound*. 


Table   4,   (Continued.)     (Origin.]. 


The  brenltlnic  !«■<•«  for  leva  thlckneaaea  m±,  knj  u 


STRENGTH   OF  IRON   PILLARS.  449 

Table  of  rolled- 1  roil  seamen  (-column*  of  the  Phonlx 
Iron  Co,  410  Walnut  St,  Philada.  For  their 
siren  Kill*,  ci-app  441!,  MS,  nrfuruiuUi,  p439,  witli  tbe 

by  multiplying  I)  by  .3838.  The  ulmenSlOnB  given 
are  subject  tn  slight  variations  which  are  unavoidable 
in  rolling  iron  abapee.    The  weights  of  columns  given 

-  J    The  akiiiilu  of  tbe  rivets  used  in  joining  them 

t  course,  merely  make  up  the  quantity  of  metal 
drilled  out.in  making  thehoirs;  but  the  rivet- 

... from2  to  opereent  tu  theweigbts given.  The 

rivets  are  spitced  3, 4,  or  6  hit  apart  from  cen  tu 


I      Any  desired  thickness  t« 

dimensions? „--.-.. 

8  aefa.    E, «  sppjtt.    All  others,  4  Begs. 
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STRENGTH  OF  PILLARS. 


CARNEGIE  8TEEX,  Z-BAB  COLUMNS. 

Table  of  Safe  Loads  as  given  by  Carnegie,  Phipps  &  Co.,  Limited,  for 

columns  with  square  ends.    Safety  factor  =  4.    The  loads  given  are  based  upon 
the  following  allowed  strr.ins  in  pounds  per  square  iuch : 

For  lengths  of  not  more  than  90  X  least  radius  of  gyration,  12000. 

"       greater         "    90  X  "  "  "       17100  —  57 —**-• 

radius 
For  dimensions  see  page  456. 

Each  Z-bar  column  is  made  up  of  four  Z-bars  and  one  web-plate  (all  of  uni- 
form thickness)  bolted  or  riveted  together,  as  shown  in  the  figure  oo  page  456. 

6-inch  Steel  Z-bar  Columns. 

Composed  of  four  Z-bars  about  3  inches  deep  and  one  web-plate  5%  inches  wide. 


Thickness  of  metal,  \ 
inch.         ) 

i 
9.31 

A 

11.7 

t 

A 

i 

A 

Area  of  section,  sq.  \ 
ins.          j 

13.6 

16.0 

17.6 

20.0 

Weight  per  yard,) 
pounds.       > 

95.1 

119.4 

138.6 

162.9 

179.7 

20&7 

Least  rad  of  gyr,  ) 
inches.        J 

1.86 

1.90 

1.88 

1.93 

1.90 

1.93 

Length  of  column. 
Feet. 

Safe  load  of  column,  in  pounds. 

12  or  less. 
14 
16 
18 
20 
22 
24 
26 
28 
30 

111800 
111400 
104600 
97600 
90800 
84000 
77200 
70400 
63400 
56600 

140600 

140600 

133000 

124600 

116200 

107800 

99400 

91000 

82600 

74200 

163200 
163200 
153200 
143400 
133400 
123600 
113800 
103800 
94000 
84000 

191600 
191600 
182600 
171200 
159800 
148600 
137200 
126000 
114600 
103400 

211400 

211400 

199800 

187206 

174400 

161800  * 

149200 

136400 

123800 

111000 

239600 
239600 
229600 
215600 
201600 
187600 
173600 
159600 
145600 
131600 

*  8-inch  Z-bar  Columns. 

Composed  of  four  Z-bars  about  4  inches  deep  and  one  web-plate  6%  inches  wide, 


Thickness  of  metal, 
inch. 

Area  of  section,  sq. 
ins.  _ 

Weight  per   yard, 
pounds. 


Least  rad  of  gyr, 
inches. 


} 


i 

14.1 

3 

J 
17.1 

19.0 

1 

A 

* 
26.3 

H 

11.3 

21.9 

24.8 

29.0 

114.9 

144.3 

174.0 

194.1 

221.1 

252.3 

267.6 

296.4 

2.47 

2.52 

2.57 

2.49 

2.55 

2.60 

2.52 

2.58 

i 


31.9 


325.2 


2.63 


Length  of  column. 
Feet. 


18  or  less. 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 


Safe  load  of  column,  in  pounds. 


135000169600 
130000  165000 


123800 
117600 
111400 
105200 
98800 


157400 
149600 
142000 
134200 
126600 


92600119000 
864(H);  11 1 200 
80200  103600 
74000-  96000 
678001  88200 


204800 
201000 
191800 
182600 
17360U 


228400 
221000 
210600 
200200 
189600 


164600  179200 
155400)168800 
146400!  158400 
137400.148000 
1282001 137400 
119200127000 
110000  116600 


262400 
256400 
244800 
233000 


221200253800  264000 


209400 
197600 
186000 
174200 


150600 


297000 


315000  348600 
306600342600 
292400327000 


292800 
279800 
266800:278200 


162400 188600 192800  219200  246600 


139000 162600jl«440OU8840Otel34«j0 


311600 
296200 
280800 


240600  249600 
2276001235400  265400 
2146001221200  250000 
201600:207000  234600  263200 


175600 178800  203800  230000 


382400 
379200 
362600 
346000 
329400 
312800 
296400 
279800 
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CARNEGIE  STEEL  Z-BAR  COLUMNS. 

Table  of  Safe  Loads  (continued).    For  dimensions  see  page  456. 

10-inch  Steel  Z-bar  Columns. 

Composed  of  four  Z-bars  about  5  inches  deep  and  one  web-plate  7  inches  wide. 


Thickness  of  metal, 
inch. 


} 


Area  of  section,  sq. ) 
ins. j 

Weight  per   yard,  \ 
pounds.  ) 


Least  rad  4>f  gyr, 
inches. 


} 


15.8 

3 

r 

A 

l 

9 
Tff 

19.0 
194.1 

22.3 

24.5 

27.7 

161.1 

227.4 

249.9 

282.6 

3.08 

3.13 

3.18 

3.10 

3.15 

315.6 


3.21 


n 

3 

32.7  1   35.8 

1 
1 

330.0 

* 

368.4 

3.13 

3.18 

13 


39.0 


397.8 


3.25 


Length  of  column. 
Feet. 


22  or  less. 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 


Safe  load  of  column,  in  pounds. 


189400 
185600 
178600 
171600 
164600 
157600 
150600 
143600| 
136600 
129600 
122600 
115400 
108400' 
101400 
94400' 


267800 
266200 
256600 
247000 
237400 
227600 
218200 


228400 

225200 

217200 

208800 

200400 

192200 

183800 

1756001208600 

167200!  199000 

158800  189400 

1506001 179800 

142200  170200 

134000.160600 

1256001 151000 

1172001141400 


1294000 
289200 
278400 
267600 
256800 
246000 
235200 
224400 
213600 
202800 
192000 
181200 
170400 
159600 
148800 


332400 
329600 
317400 
305400 
293400 
281400 
269400 
257400 
245400 
233400 
221200, 
209200 
197200 
185200 
173200 


371200 

370600 

357400 

344200 

331000 

317800 

304600 

291400: 

278200i 

265000 

251800; 

238600 

225400 

212200 

199000 


392000 
387200 
373000 
358600 
344400 
330000 
315800 
301400 
287200 
273000 
258800 
244400! 
230200 ! 
215800, 
201 600 1 


429800 
427800 
412400 
397000 
381600 
366200 
350800 
335600 
320000 
304600 
289200 
273800 
258400 
243000 
227600 


468000 
468000 
453200 
436800 
420400 
404000 
387600 
371200 
354800 
338200 
321800 
305400 
289000 
272600 
256200 


12-inch  Steel  Z-bar  Colnmns. 

Composed  of  four  Z-bars  about  6  inches  deep  and  one  web-plate  8  inches  wide. 


Thickness  of  metal, 
inch.  _ 

Area  of  section,  sq. 
ins. 


t1- 

}i    21.4 

'-  j 

Weight  per   yard, )  .  „lft  . 
pounds. J  |2__ 


Least  rad  of  gyr, 
inches. 


3.67 


A 

25.0 
255.6 
3.72 

l 
2" 

28.8 

A 

31.2 

\ 
34.8 

T* 

40.5 

tt 

38.5 

44.1 
449.7 

293.4 
3.77 

318.6 

355.5 

392.7 

413.4 

3.70 

3.75 

3.73 

3.68 

3.66 

l 

* 


47.7 


486.3 


3.64 


Length  of  column. 
Feet. 


26  or  less. 
28 
30 
32 
34 
36 
88 
40 
42 
44 
46 
48 
50 


Safe  load  of  column,  in  pounds. 


256600 
254000 
246000 
238000 
230200 
222200 
21420P 
206200 
198200 
190200 
182400 
174400 
166400 


300600 
j 299400 
290200 
281000 
271800 
262600 
253400 
244200 
235000 
225800 
216600 
207200 
198200 


'345200 
;345000 
335200 
324800 
-1314400 
1 1 304000 
'  293600  , 
283000i: 
272600!' 
2622001: 
252400 
241400 
2310001 


374600 
372000 


418200l462000|486000!529000'572200 


417800460600  481600  522800  564200 
360400^405000  446600  466400  506400  546400 
349000[392200i432600  451400  490000528400 
337400  379600|418400;436400,473400  510400 
325800  366800  404200  421200'456800492600 
3 14200  &54000  '390200  406200*440400 1474600 
302800,341400  376000  391200423800.456600 
291000:328800  361800:3760001407400  438800 
27960031 6000  34780O;361000|391000  420800 
268000  3032003336001345800  374400  402800 
256400  290600  3196001330800  358000  384800 
244800  277800l305400'315800  341400367000 


For  loads  greater  than  those  friven  in  the  tables,  the  Z-bar 
columns  may  be  re-enforced  by  additional  plates,  riveted  to  the  flanges.  The 
addition  of  such  plates  does  not  in  any  case  diminish  the  least  radius  of  gyra- 
tion.   Hence  the  same  load  per  square  inch  of  cross-section  may  be  used. 


OF   PILLARS. 


Ue  load,  see  ublea.  up. 


Thick™™ 

See  figure  above. 
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In  arches  of  cast  iron  for  bridges,  Ac,  it  is  usual  among  English 
engineers  not  to  allow  more  than  '%  tons  (5000  tt>a)  of  compression,  or  thrust,  per  sq 
inch.  Brunei  never  subjected  cast-iron  pillars  to  more  than  X%  tons  (3360  Jbs)  per 
sq  inch.  C.  Slialer  Smith  employs  as  maximum  working  strains,  X  of  the  calcu- 
lated breaking  strain  for  such  hollow  chords  and  posts  of  bridges  as  are  1  inch  or 
more  in  thickness,  and  not  more  titan  15  diams  long.  For  posts,  only  \ ;  when  not 
less  than  %  inch  thick,  nor  more  than  25  diams  long ;  or  from  ^  to  ^,  when  % 
thick  or  less,  and  more  than  25  diams  long. 

The  young  engineer  must  bear  In  mind  that  the  breakg  and  the 
safe  loads  per  sq  inch,  of  pillars  of  any  given  material,  are  not  constant  quantities ; 
but  diminish  as  the  piece  becomes  longer  in  proportion  to  its  diam.  If  a  very  long 
piece  or  pillar  be  so  braced  at  intervals  as  to  prevent  its  bending  at  those  points, 
then  its  length  becomes  virtually  diminished,  and  its  strength  increased.  Thus,  if  a 
pillar  100  ft  long  be  sufficiently  braced  at  intervals  of  20  ft,  then  the  load  sustained 
may  be  that  due  to  a  pillar  only  20  ft  long.  Therefore,  very  long  pillars  used  for 
bridge  piers,  Ac,  are  thus  braced;  as  are  also  long  horizontal  or  inclined  pieces, 
exposed  to  compression  in  the  form  of  upper  chords  of  bridges ;  or  as  struts  of  any 
kind  in  bridges,  roofs,  or  other  structures. 

Mistakes  are  sometimes  made  by  assuming,  say  5  or  6  tons  per  sq  inch,  as  the  safe 
compressing  load  for  cast  iron ;  4  tons  for  wrought ;  1000  pounds  for  timber;  without 
any  regard  to  the  length  of  the  piece. 

But  although  the  final  crushing  loads,  as  given  in  tables  of  strengths  of  materials, 
are  usually  those  for  pieces  not  more  than  about  2  diams  high,  they  will  not  be  much 
less  for  pieces  not  exceeding  4  or  5  diams. 

Cautions.  Remember  a  heavily  loaded  cast-iron  pillar  is  easily  broken  by  a 
side  blow.  Cast-iron  ones  are  subject  to  hidden  voids.  All  are  subject  to  jars  and 
vibrations  from  moving  loads.  It  very  rarely  happens  that  the  pres  is  equally  dis- 
tributed over  the  whole  area  of  the  pillar ;  or  that  the  top  and  bottom  ends  have  per- 
fect bearing  at  every  part,  as  they  had  in  the  experimental  pillars.f  Cast  pillars  are 
seldom  perfectly  straight,  and  hence  are  weakened. 

Hollow  pillars  Intended  to  bear  heavy  loads  should  not  be  cast 
with  such  mouldings  as  a  a ;  or  with  very 

? rejecting  bases  or  caps  such  as  g,  Fig  19. 
t  is  plain  that  these  are  weak,  and  would 
break  off  under  a  much  less  load  than 
would  injure  the  shaft  of  the  pillar.  When 
such  projecting  ornaments  are  required, 
they  should  be  cast  separately,  apd  be  at- 
tached to  a  prolongation  of  the  shaft,  as 
cd,  by  iron  pins  or  rivets. 

Ordinarily,  it  is  better  to  adopt  a  more 
simple  style  of  base  and  cap,  which,  as  at 
6,  can  be  cast  in  one  piece  with  the  pillar, 
-without  weakening  it. 


Fig.  19. 


Hodginson  states  that  while  the  quantity  of  material  is  the  tame  SsfXiZZf-sys?' 

in  boihvillarSy  uo  strength  is  gained  in  hollow  ones  by  making 
the  diams  greater  at  the  middle  than  at  the 
ends  ;  but  that  in  solid  ones,  with  rounded  ends,  there  is  a  gain 
of  abont  1th  part ;  and  in  those  with  flat  ends,  of  about  1th  or  Fig".  2. 
1th  part,  by  making  the  diam  at  the  middle  about  1}£  or  2  times 
thut  at  the  ends.  Also  that  a  uniform  round  pillar  has  the  same 
strength  as  a  moderately  tapering  one  whose  diam  at  half-way  up 
is  equal  to  the  uniform  diam  of  the  cylindrical  one. 

Also,  that  when  a  flat-ended  pillar,  Fig.  2,  is  so  irregularly 
fixed,  that  the  pressure  upon  it  passes  along  its  diagonal  a  a,  it 
loses  two-thirds  of  its  strength.  Hence  the  necessity  for  equalizing,  as  far  as  possi- 
ble, the  pressure  over  every  part  of  the  top  and  bottom  of  the  pillar;  a  point  very 
difficult  to  secure  in  practice. 


^^^ 


f  In  important  cases,  both  ends  should  be  planed  perfectly  true; 

m  u  done  in  iron  bridges,  fro. 
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Steel  pillars.  Mr.  Kirkaldy  experimented  with  a  small  steel  pillar  or  tube 
of  Shortridge,  Howell  k  Co's  homogeneous  metal.  Its  length  was  4  ft,  or  25.6  (lianas ; 
outer  diam  1%  inch:  inner  diam  V/$\  thickness  %  inch.  Area  of  cross-section  1% 
sq  ins.  Flat  ends.  Under  67300  lbs,  or  30  tons  total  pressure,  or  17.14  tons  per  nq 
inch  of  solid  metal  section,  it  bent  very  slightly.  On  increasing  the  pressure  con- 
siderably, the  pillar  sprang  out  from  under  the  load.  Our  table,  page  444,  gives  24l£ 
tons  total,  or  13  tons  per  sq  inch,  as  the  ultimate  load  for  a  wrought-iron  tube  of  the 
same  size. 

Mr.  M.  O.  Love,  Paris,  as  the  result  of  a  trial  with  small  steel  rods,  about  .4 
inch  diam,  and  which  had  a  tensile  strength  of  48  tons  per  sq  inch,  suggests  that  the 
comparative  strength  of  pillars  of  wrought  iron,  cast-iron,  and  steel,  are  probably 
about  as  follows:  At  from  1%  to  5  diams  in  length,  steel  and  cast-irou  ones  have 
equal  strengths ;  and  either  of  them  is  about  twice  as  strong  as  wrought  iron.  At  10 
diams,  steel  is  lW  times  as  strong  as  cast ;  and  2.2  times  as  strong  as  wrought  iron. 
At  40  diams,  steel  is  4  times  as  strong  as  cast;  and  2.7  as  strong  as  wrought.  But 
this  needs  confirmation.  Now  that  powerful  and  accurate  testing  machines  are 
coming  more  into  use,  we  may  hope  that  the  doubts  at  present  existing  on  such 
subjects  will  be  set  at  rest. 

Mr  Stoney  advises  that  until  then  steel  pillars  should  not  be  trusted 
with  more  than  1.5  the  loads  of  wrought  iron  ones. 
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The  strengths  of  pillars,  as  well  as  of  beams  of  timber,  depend  much  on  their  de- 
gree of  seasoning*.  Hodgkinson  found  that  perfectly  seasoned  blocks,  2  diania 
long,  required,  iu  many  cases,  twice  as  great  a  load  to  crush  them  as  when  only 
moderately  dry.    This  should  be  borne  in  mind  when  building  with  green  timber. 

In  important  practice,  timber  should  not  be  trusted  with  more  than  H  to  ik  of  its 
calculated  crushing  load ;  and  for  temporary  purposes,  not  more  than  >|  to  %. 

Mr.  Charles  Shaler  Smith,  C.  E.,  of  St.  Louis,  prepared  the 
following  formula  for  the  breaking  loads  of  either  square  or  rectangular 
pillars  or  posts,  of  moderately  seasoned  white,  and  common  yellow  piue,  with  flat 
ends,  firmly  fixed,  and  equally  loaded,  based  upon  experiments  by  himself. 

It  is  Gordon's  formula  adapted  to  those  woods;  and  gives  results  considerably 
smaller  than  liodgkinson's,  It  is  therefore  safer. 

Call  either  side  of  the  square,  or  the  least  side  of  the  rectangle,  the  breadth.   Then, 

.     5000f 


Breakg  load  in  lbs,  per 

Rule*      sq  inch  of  area,  of  a 

pillar  of  W  or  Y  pine 


1  + 


/sq  of  length  in  ius  v 

\sq  of  breadth  in  ins  / 


Or  in  words,  square  the  length  in  ins ;  square  the  breadth  in  ins;  dtv  the  first  square 
by  the  second  one;  mult  the  quot  by  .004 ;  to  the  prod  add  1 ;  div  5000  by  the  sum. 

Ex.  Breakg  load  per  sq  inch,  of  a  white  pine  pillar  12  ins  square,  and  30  ft,  or  300 
ins  long.    Here  the  sq  of  length  in  ins  is  360*  =  129600.    The  square  of  the  breadth  is 

i*      iu         .129600  6000 

12*  =  144 ;  and  — — -  =  900 ;  and  900  X  .004  =  3.6;  and  3.6  +  1  =  4.6.  Finally,  — -  - 

=  10S7  lbs,  the  reqd  breakg  load  per  sq  in.    As  the  area  of  the  pillar  is  144  sq  ins, 
the  entire  breakg  load  is  10S7  X  1-W  =  156528  lbs,  or  69.9  tons. 

Recent  experiments  on  wooden  pillars  20  ft  long,  and  13  ins  square,  by  Mr. 
Kirkaldy,  of  England,  confirm  the  far  greater  reliability  of  Mr.  Smith's  formula. 
Hence  we  present  the  following  new  set  of  original  tables  based  upon  it. 

For  solid  pillars  of  cast  Iron  and  of  pine,  whose  heights  range 
from  5  to  60  times  their  side  or  diam,  we  may  say,  near  enough  for  practice,  that  n 
cast  iron  one  is  about  16^  times  as  strong  as  a  pine  one;  but  no  such  approximate 
ratio  holds  good  between  wrought  iron  and  pine, or  between  cast  and  wrought  iron. 

1  _        .  I  II  -  — —  — — -  -•  >^M«««M— »B^    ' 

t  The  breaking  load  iu  lt»_por  sq  iucb  io  short  blocks,  by  Mr.  Smith. 
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Tnble  or  b „  

MtMiHl   white  or  e*mm 
equally  loaded.    Bj  <J.  Slitlm 


u  lom  of  square  pillar*  or  half 
i  yellow  pine  firmly  ased  mist 

mitJi't  femuri..     (OllKini.1.) 


Side  ofcqnnre  pln«  plllnr.  In  In  the*. 

u 

i    1  IX  1  U*  1  1*  1    i    l»ll«IKI    s    IW|I»!«I    ' 
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Mile  of  square  pine  pillar.  In  lncb.es. 

si 
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'if 

HUic  ofaqnare  pine  pillar,  In  Inches). 

SS 

Ss 

lit  1  TV  I    s    1  8«  i  »H  |  bh  |  *    |  m  1  >H  1  Ml  1    in   1  iok  |  i«M 

=  - 

\ 

1 

1 
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f 
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Side  of  square  pine  pillar,  in  inches. 
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;''■' 

■=i 

™ 

BREAKINQ  LOAD, 


pino,  160  tons  tola] ;  or  .947  ton,  or  21lf  tbs,  per  so.  inch.    Hodgklnson  would  glye 
Tor  Riga  about  397  tons  total. 
Each  of  Mr  Kirs-sJdy's  20-ft  pillsrs  shortened  shout  A  of  *o  Inch  tout :  or  .OS 

The  writer  hu  known  8  unbred  pi  Horn  iilemblr  seasoned, 

12  Inn  square,  and  42  ft  high,  to  be  gradually  loaded  each  with  31  lulls,  or  71880 
ha  total;  [ol  £1)3  ton,  or4B8  ha  per  »q  InohJ  without  appreciable  yielding.  As- 
suming  their  strength  and  stiffness  to  be  about  as  for  Mr  Smith's  plus,  (as  In  all 
our  tables,)  they  should  by  him  yield  at  39.6  tons  total.  With  these  same  data, 
but  with  Hodgkluson'a  Ibrmula.  Ihejr  should  yield  at  68»  lona;  and  with 
Hodgkinson's  own  data,  Cor  seasoned  red  deal,  at  91.fi  tons.  See  B«m«rka,pMt. 
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TaMe  of  hrealrtng  loMfliin  tons  of  square  pHlara  of  fealf- 
seasoned  white  or  common  yellow  pine,  with  flat  ends 
irmly  fixed,  and  equally  loaded.  By  G.  Shaler  Smith's  formula. 
(Continued.) 

As  this  table  was  partly  made  by  interpolation,  the  last  figure  is  not  always  pre* 
cisely  correct. 

Original. 


Side  of  square  pine  pillar  in  inches. 

•4J 

9  _ 

2L  m 

XB 

13  |  14  |  16  (  16  |  17  |  18  |  19  |  20  | 

21  |  22  |  23  |  24 

8.2 

BREAKING  LOAD. 

Tons. 

Tons. 

Tons. 

Toaa. 

Tons. 

Tom. 

Tons. 

Tons. 

Tons. 

Tons. 

Tens. 

Ten*. 

4 

358 

418 

482 

552 

625 

703 

786 

872 

964 

1080 

1161 

1265 

4 

6 

336 

394 

456 

526 

599 

676 

760 

847 

938 

1033 

1134 

1236 

6 

8 

308 

367 

429 

500 

572 

649 

732 

818 

910 

1005 

1106 

1208 

8 

10 

281 

339 

400 

466 

537 

612 

694 

780 

870 

964 

1064 

1166 

10 

12 

252 

307 

365 

432 

502 

576 

656 

740 

829 

922 

1022 

1124 

12 

14 

226 

277 

333 

397 

464 

536 

614 

696 

784 

876 

973 

1074 

14 

16 

201 

260 

303 

363 

428 

497 

573 

652 

739 

829 

925 

1024 

16 

18 

179 

224 

274 

331 

392 

468 

531 

608 

692 

780 

873 

972 

18 

20 

160 

201 

248 

301 

359 

422 

492 

566 

647 

732 

822 

919 

20 

22 

143 

182 

224 

274 

329 

388 

455 

526 

604 

686 

773 

866 

22 

24 

127 

163 

203 

249 

301 

357 

421 

488 

563 

642 

726 

816 

24 

26 

116 

148 

184 

226 

276 

328 

389 

453 

523 

699 

680 

767 

26 

28 

103 

133 

ier 

206 

252 

302 

359 

420 

490 

560 

638 

721 

28 

30 

93 

121 

152 

189 

231 

278 

332 

389 

453 

522 

597 

677 

30 

82 

84 

109 

138 

173 

212 

256 

307 

361 

421 

487 

•658 

635 

32 

84 

76 

99 

126 

159 

196 

237 

284 

335 

392 

455 

523 

597 

34 

86 

69 

91 

116 

146 

180 

219 

264 

312 

866 

426 

490 

560 

36 

38 

63 

84 

107 

134 

166 

203 

245 

290 

841 

397 

458 

525 

38 

40 

58 

77 

99 

124 

154 

188 

227 

270 

318 

372 

429 

494 

40 

42 

54 

71 

91 

115 

143 

175 

212 

253 

298 

349 

403 

465 

42 

44 

50 

66 

84 

107 

133 

163 

198 

236 

280 

328 

380 

438 

44 

46   46 

61 

78 

99 

123 

152 

185 

221 

263 

308 

358 

413 

46 

48   43 

57 

73 

92 

115 

142 

173 

207 

247 

290 

837 

389 

48 

50 

40 

63 

68 

86 

107 

133 

162 

194 

231 

272 

317 

367 

60 

6*2 

87 

50 

64 

81 

101 

124 

152 

182 

217 

256 

300 

347 

62 

54 

35 

47 

60 

76 

95 

117 

144 

172 

205 

242 

283 

328 

64 

66 

33 

44 

56 

71 

89 

110 

135 

162 

193 

228 

267 

310 

56 

68 

31 

41 

52 

67 

84 

103 

127 

153 

182 

215 

253 

294 

58 

60 

29 

38 

49 

63 

79 

98 

120 

144 

172 

204 

240 

280 

60 

66 

25 

33 

43 

55 

69 

86 

105 

126 

151 

179 

211 

246 

65 

70 

22 

29 

37 

48 

60 

74 

92 

111 

134 

159 

187 

218 

70 

76 

19 

25 

33 

42 

53 

66 

82 

98 

118 

141 

166 

195 

75 

80 

16 

22 

29 

37 

46 

58 

72 

87 

105 

125 

148 

174 

80 

85 

14 

19 

26 

33 

41 

52 

65 

78 

94 

112 

132 

156 

85 

90 

13 

U 

23 

30 

37 

46 

58 

70 

85 

102 

120 

141 

90 

96 

12 

16 

21 

27 

33 

42 

53 

64 

77 

93 

108 

127 

95 

100 

It 

14 

19 

24 

30 

38 

48 

58 

70 

84 

99 

117 

100 

110 

10 

12 

16 

20 

26 

33 

40 

48 

58 

70 

82 

97 

110 

120 

9 

11 

14 

17 

22 

28 

.34 

41 

49 

60 

71 

83 

120 

130 

7 

.  9 

12 

14 

18 

23 

29 

36 

43 

52 

61 

72 

130 

140 

6 

8 

10 

12 

16 

20 

25 

81 

37 

44 

63 

62 

140 

160 

6 

7 

9 

11 

14 

18 

22 

27 

32 

38 

46 

64 

150 

160 

6 

6 

8 

10 

13 

16 

20 

24 

29 

34 

41 

48 

160 

170 

4 

5 

7 

9 

11 

14 

17 

21 

25 

30 

36 

43 

170 

180 

4 

5 

6 

8 

10 

12 

15 

19 

22 

27 

32 

38 

180 

190 

3 

4 

5 

7 

9 

11 

14 

17 

20 

24 

29 

34 

190 

200 

3 

4 

5 

6 

8   10 

12 

15 

18 

22- 

26 

31 

200 
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Table  off  breaking  loads  in  tons,  *r  in  lbs,  pear  sq  latch  of 
cross  section  of  half  seasoned  square  pine  pillars,  whose 
heights  are  measured  by  one  of  their  sides. 


5  $ 

£  $ 

1 

Ht'o 

*3   CD 

bx  load  pkb  sq  nr. 

**2 

BB  LOAD  PBB  SO.  IX. 

Q)    BO 

BBLDPBB 

84  n. 

.1*2 
*5  00 

BZLDPKB 

K)n. 

M.2 

Wc 

33  fl 

S3  c 

Tons. 

Lbs. 

Tons. 

Lbs. 

'  Tons. 

Lbs. 

Tons. 

Lbs. 

1 

2.2232 

4980 

26 

.6027 

1350 

51 

.1960 

489 

76 

.0924 

207 

2 

2.1969 

4921 

27 

.5697 

1276 

62 

.1888 

423 

77 

.0902 

202 

8 

2.1544 

4826 

28 

.5398 

1209 

53 

.1826 

409 

78 

.0879 

197 

4 

2.0978 

4699 

29 

.5116 

1146 

64 

.1T63 

3U5 

79 

.0862 

193 

5 

2.0290 

4545 

30 

.4853 

1087 

65 

.1705 

882 

80 

.0839 

188 

6 

1.9513 

4371 

31 

.4607 

1032 

56 

.1647 

369 

81 

.0821 

184 

7 

1.8665 

4181 

32 

.4879 

981 

57 

.1698 

358- 

82 

.0799 

179 

8 

1.7772 

3981 

33 

.4165 

933 

58 

.1545 

346 

83 

.0781 

176 

9 

1.6857 

3776 

34 

.3969 

889 

69 

.1496 

335 

84 

.0763 

171 

10 

1.5942 

3571 

35 

.3781 

847 

60 

.1451 

326 

85 

.0746 

167 

11 

1.5040 

3369 

36 

.3599 

809 

61 

.1406 

316 

86 

.0728 

163 

12 

1.4165 

3173 

37 

.3447 

772 

62 

.1362 

305 

87 

.0714 

160 

13 

1.3317 

2983 

38 

.3295 

738 

63 

.1321 

296 

88 

.0696 

166 

14 

1.2513 

2803 

39 

.3162 

706 

64 

.1286 

288 

89 

.0683 

163 

15 

1.1745 

2631 

40 

.3018 

676 

65 

.1260 

280 

90 

.0670 

160 

16 

1.1027 

2470 

41 

.2889 

647 

66 

.1210 

271 

91 

.0656 

147 

17 

1.0353 

2319 

42 

.2772 

621 

67 

.1179 

264' 

92 

.0638 

143 

18 

.9723 

2178 

43 

.2661 

696 

68 

.1147 

257 

93 

.0625 

140 

19 

.9134 

2046 

44 

.2554 

672 

69 

.1112 

249 

94 

.0616 

138 

20 

.8585 

1923 

46 

.2455 

650 

70 

.1085 

243 

95 

.0603 

136 

21 

.8076 

1809 

46 

.2357 

628 

71 

.1054 

236 

96 

.0589 

132 

22 

.7603 

1703 

47 

.2268 

608 

72 

.1027 

230 

97 

.0576 

19 

23 

.7165 

1605 

48 

.2183 

489 

73 

.1000 

224 

98 

.0567 

127 

24 

.6755 

1513 

49 

.2100 

472 

74 

.0973 

218 

99 

.0554 

124 

26 

.6380 

1429 

50 

.2031 

455 

76 

.0951     1 

213 

100 

.0645 

122 

Remark.- Gordon  and  Hodekinson  compared.  The  difference 
between  them  is  greater  in  wooden  pillars  than  in  hollow  cast  iron  ones.  More- 
over, in  the  latter,  Gordon  is  sometimes  greater,  sometimes  less,  than  Hodgkin- 
son,  as  seen  per  lower  table.  Mr.  Smith's  assumed  strength  and  stiffness  of  pine 
may  safely  be  taken  at  about  one-fourth  less  than  Hodgkinson's  for  his  red  aeal ; 
and  with  this  assumption,  Hodgkinson's  rule  would  make  the  strength  of  Smith's 
pine  (In  all  our  tables  for  wooden  pi  liars  >  greater,  to  the  extent  shown 
by  the  multipliers  In  the  following  table.  The  truth  is  probably  between 
the  two.    See  Remark,  p.  460. 


Htin 
■ides. 

Multr. 

Htin 
sides. 

12.5 

15 

17.5 

Multr. 

1.23 
1.30 
1.37 

Ht  in 
sides. 

Multr. 

Htin 
sides. 

1 

Multr. 

Htin 
•ides. 

Multr. 

6 

7.5 
10 

1.04 
1.09 
1.15 

20 
25 
30 

1.44 
1.54 
1.64 

35 
40 
45 

1.72    , 
1.76    , 
1.71 

50 
60 
80 

1.67 
163 
159 

Gordon's  and  Hodgkinson's  hollow  cylindrical  cast  iron 

pillars  compared. 

The  thickness  is  usually  from  ^  to  %  of  the  outer  diameter;  and  for  these 
limits,  the  column  G,  (Gordon),  and  H,  (Hodgkinson),  show  the  proportions  of 
the  breaking  loads. 


Thickness  =  ^  of  the  outer  diameter. 

Htin 

DlMM. 

0. 

1 
1 

1 

H. 

1.25 
1.12 

t 

1.28 
1.10 

Htin 
Diams. 

G. 

1 
1 

<n 

1 

1 

H. 

Htin 
Dinras. 

20 
80 

1   20 

j    30 

6. 

1 
1 

the 

l 
1 

H. 

.97 
.94 

out 

.92  1 
.88  | 

Htin 
Dlanirt. 

40 
50 

ter  di 

i     40 
|     50 

G. 

1 
1 

am 

1 
l 

H. 
.90 

etei 

.81 
.80 

J11'"    'r  1   11 
Dlimi.    >u-|    *»• 

5 

8 

SI 

10 
15 

10 

15 

1.11 
1.02 

ess  = 

1.08 
.98 

70  .  |  1  !  .90 

100    1 1 ;  .97 

r; 

70    ;  1  1  .82 

100    !  1  1  .88 
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Jkwrtm  4.    Ultimate  average  tensile  or  cohesive  strength  of 

Timber, 

Being  the  least  weights  in  pounds  which,  If  attached  to  the  lower  end  or  a  vert  rod 
one  inch  square,  firmly  upheld  at  its  upper  end,  would  break  it  by  tearing  it  apart. 
For  large  timbers  we  recommend  to  reduce  these  constants  %to%  part. 


The  strengths  in  all  these  tables  may 
readily  be  one-third  part  more  or  leu 
than  our  averages. 


Alder 

Ash,  English 

"  American  (author)  abt. 
Birch 

"     Amer'n  black 

Bay-tree 

Beech,  English 

Bamboo 

Box 

Cedar,  Bermuda ... 

'*       Guadeloupe   

Chestnut.. 

"  horse 

Cyprus 

Elder 

Kim 

"    Canada. 

Fir,  or  Spruce 

Hawthorn 

Hazel , 

Holly  

Hornbeam 

Hickory,  Amer'n 

Lignum  Vitse,  Amer'n 

Lancewood 

Larch,  Scotch 

Locust .... 

Maple 


Lbs  per 
sq.  Inch. 


14000 
16600 
10500 
15000 

7000 
12000 
11500 

6000 
20000 

7600 

9500 
13000 
10000 

6000 
10000 

6000 
13000 
10000 
10000 
18000 
16000 
20000 
11000 
11000 
23000 

7000 
18000 
10000 


Bfahogauy,  Honduras 

M  Spanish 

Mangrove,  white,  Bermuda.. 

Mulberry* 

Oak,  Amer'n  white 

"       "        basket... 

"        "         red 

u    Dantzic,  seasoned 

Riga 

English 

lire,  Amer'n 

Pear 


M 
It 
it 


Pine,  Amer'n,  white,  red*  \ 
and  Pitch,  Memel,  Riga*,  J 

Plane 

Plum 

Poplar 

Quince 

Spruce,  or  Fir 

Sycamore 

Teak 

Walnut 

Yew 


Across  the  groin,  Oak 

44        "       •*  Poplar 

«         u        "  Larch,900to 
"         u       "  Fir,  &  Pines 


Lbs  per 
sq.  inch. 


8000 
16000 
10000 
12000 


10000 


10000 

10000 

11000 

11000 

7000 

7000 

10000 

12000 

16000 

8000 

8000 

2300 

1800 

1700 

550 


THE8K  arb  AVERAGES.  The  strengths  vary  much  with  the  age  of  the  tree ;  the 
locality  of  its  growth ;  whether  the  piece  is  from  the  center,  or  from  the  outer  por- 
tions of  the  tree ;  the  degree  of  seasoning ;  straightness  of  grain ;  knots,  Ac,  Ac.  Also, 
inasmuch  as  the  constants  are  deduced  from  experiments  with  good  specimens  of 
small  size,  whereas  large  beams  are  almost  invariably  more  or  less  defective  front 
knots,  crookedness  of  fibre,  Ac,  it  is  advisable  in  practice  to  reduce  these  constants 
as  recommended  above. 

-  — "  —  ■■' ■    ...  -   -  —       .,  _  _   .  > 

•  Effect  of  Tapping  Trees  for  Tnrpentiite.  Preliminary  experi- 
ments by  the  Forestry  Division  of  the  U.  S.  Department  of  Agriculture -upon 
long-leaf  pine  from  Alabama  indicate  that  (contrary  to  the  generally  received 
impression)  'turpentine  timber,"  i.  e.  the  timber  of  trees  that  have  been 
"  boxed  "  (robbed  of  their  turpentine),  while  it  has  slightly  less  tensile  and 
shearing  strength,  is  from  20  to  30  per  cent,  stronger  in  compression  (whether 
with  or  across  the  grain)  and  under  transverse  strain.  In  the  "  turpentine  tim- 
ber," however,  the  resin  collects  in  spots,  gumming  the  tools,  and  thus  rendering 
the  timber  harder  to  work  than  that  of  trees  which  have  not  been  deprived  of 
their  turpentine.  The  specimens  tested  were  taken  mostly  at  heights  of  from  7 
to  33  feet  above  ground.  (Circular  No.  8.  Issued  1892.)  Boxed  and  unboxed 
timber  are  frequently  called  "  bled "  and  "  unbled "  respectively. 
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Art.  5.    Average  ultimate  tensile  or  cohesive  strength   or 

Metals,  per  square  inch.* 


The  ultimate  teusile  or  pulling  load  per  square  inch  of  any 
material  is  frequently  called  its  constant,  coefficient,  or  moduhu  of 
tension,  or  of  tensile  strength. 


(I 


it 


u 


Antimony,  cast . 

Bismuth,  cast . ..... 

Brass,  cast  8  to  13  tons,  say  18000  to  29000  lbs. 

"    wire,  unannealed  or  hard,  80000.    Annealed .~... ....... 

Bronze,  phosphor  wire,  hard,  150000.    Annealed 

Copper,  cast  18000  to  30000 — 

44       sheet - «... • . 

bolts,  28000  to  38000 

wire  (annealed  16  tons);  unannealed 

Gold,  cast 

"      wire,  25000  to  30000 ~ 

Gun  metal  of  copper  and  tin,  23000  to  55000 

"  cast  iron,  U.  S.  ordnance,  36000  to  40000 .... 

Iron,  cast,  English 13400  to  22400. 

u       **     ordinary  pig..l3000  to  16000 

American  cast  iron  averages  one-fourth  more  than  the  above. 
Average  cast  iron,  when  sound,  stretches  about  .00018 ;  or  1  part 
in  5555  of  its  length ;  or  %  inch  in  57.9  ft.  for  every  ton  of  ten- 
sile strain  per  sq  inch,  up  to  its  elastic  limit,  which  is  at  about 
%  its  break-strain.  The  extent  of  stretching,  however,  varies 
much  with  the  quality  of  the  iron ;  as  in  wrought-iron. 

Cast,  malleable,  annealed  18  to  25  tons,  f ,, 

Iron,  wrought,  rolled  bars,  40000  to  75000,  the  last  exceptional... 
"       "    ordinary  average. 
"       "    good  "    

best  American,  (exceptional) 

Low  Moor,  English,  average 

plates  for  boilers,  Ac,  40000  to  60000 

English  rivet  iron 55000  to  60000 

wire,  annealed ..^30000  to  60000.. -~. 

"    unannealed,  or  hard.. .60000  to  100000 

"    ropes,  per  sq  inch  of  section  of  rope...~.... ..*... 

large  forgings,  80000  to  40000..... — . 

In  important  practice,  good  bar  iron  should  not  be  trusted  per- 
manently with  mora  than  about  6  tons  per  aq  inch ;  which  will 
stretch  it  about  %  inch  in  from  20  to  25  ft. 
flood  bar  iron  stretches  about  1  part  in  12000  of  its  length ;  or 
about  1  inch  in  1000  ft;  at  %  mob  in  126  ft,  for  every  ton  of 
tensile  strain  per  sq  inch  of  section,  up  to  its  elastic  limit. 
This  limit  usually  ranges  between  8  and  18  tons  per  sq  inch,  or 
about  half  the  breaking  strain,  according  to  quality.  The, 
ultimate  stretching  of  rolled  bars  is  from  6  to  30  per  et  of  the) 
original  length ;  usually  15  to  20  per  cent.  Plates  and  angle 
iron  3  to  17  per  cent.  Heating,  even  up  to  500°  Fah,  does  not 
weaken  bar  iron  or  steel.  For  stretch  by  heat  see  p  212. 

Lead,  cast,  1700  to  2400 by  author... 

"      wire,  1200  to  1600.    Pipe  1600  to  1700 ...  M       M      ... 

Platinum  wire,  annealed,  82000.   Unannealed 

Steel,  plates,  range,  60000  to  103000 

"       of  Hussey,  Wells  &  Co,  Pittsburg,  Pa,  91500  to  97400 

"         "       Bessemer ~ 

Bessemer  tool 

wire,  annealed  30  to  50  tons.    Unan,  50  to  90  tons 


it 


(i 


ti 


(C 

It 


II 


II 
II 


u 

u 


II 
II 


II 


II 
It 


II 


It 


Pounds 

per 
sq.  inch. 


1000 
3200 
23500 
49000 
63000 
24000 
30000 
33000 
60000 
20000 
27500 
39000 
38000 
17900 
14500 


48160 
57500 
44800 
50400 
60000 
76100 
60000 
50000 
67500 
45600 
76000 
88000 
86000 


Tons 

per 

sq.  in. 


2050 

Jt 

1650 

.74 

66000 

25 

81500 

86,4 

94450 

42.2 

98600 

44 

112000 

50 

.45 

1.4 
10.5 
22 
28.1 
10.7 
13.4 
14.7 
26.8 

8.9 
12.3 
17.4 
17 

8 

6.47 


21.5 

25.7 

20 

22J5 

2&8 

84 

26.8 

224 

25.T 

20.1 

33J> 

164 

16* 


156800    I   70 


'Large  bars  of  metal  bear  less  per  sq  inch  than  small  ones.  In  cast  iron 

ones  1.  2  and  S  ins  sq,  the  strengths  per  sq  inch  were  about  as  1,  .86  and  .« ;  and  wrought  Iron  proa. 
ably  averages  about  tbe  same.    See  top  of  next  page. 

bw  ban  re-rolled  eold  have  tensile  strength  increased  35  to  60  per  et,  with  no  laeraaa*«f 
density.    They  are  said  to  lose  this  strength  if  reheated. 

t  See  "  Malleable  oast  iron,"  p.  447. 
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Average  ultimate  tensile,  or  cohesive  strength  off  Metals 

per  square  inch.    (Continued.) 


Capt.  Jame*  B.  ICads  found  that  forged  ateel  bolts  for  the  St.  Louis  bridge,  f>H 
fm  diam,  and  M  to  86  ft.  long,  broke  short  with  only  30000  fee  per  *q  ttieh ;  while 
bolts  of  but  H  tnoh  aeotloa,  cut  from  tk*  large  one*,  in  no  instance  broke  with 
1MQ80  fte  per  a*  ioen.  but  atretqked  o«uid«r»Mj. 

Steel,  cast,  Bessemer  ingots,  average ,...„ ......... 

"        "     best  American  Bessemer  ingots v... 

"        "  "  M         rolled  and  hammered,  120000 

to  130000 

"        "        homogeneous,  Cammell  ft  Co,  England,  No  1 

«        "  "  "  "         No  2 

«        "  "  «  "No  3 

"      paddled  bars,  rolled  and  hammered,  65000  to  135000— 

Steel.  Experiments  by  Lieut.  W.  S.  Shock,U.  S.  N.,  at  Washington, 
on  steel  from  the  Black  Diamond  Steel- Works,  Pittsburg, 
Pa.  All  the  pieces  were  cut  from  the  same  bar,  three 
pieces  Tor  each  exp.  They  were  turned  down  to  a  diam 
of  .62  .of  all  inch  at  the  intended  point  of  fracture,  by  a 
groove,  in  shape  of  a  ofereahtr  segment,  with  a  chord  of 
about  t  inch : 

«      the  bar  in  its  original  condition,  109500  to  131000 , 

**      heated  to  light  cherry-red,  then  plunged  into  oil  of  82° 

Fan,  901300  to  227600 

u      heated  to  light  cherry-red,  then  plunged  into  water  of  79° 

Fah.    Then  tempered  on  aheated  plate,  152500  to  176100.. 

heated  to  light  cherry-red,  then  plunged  into  water  of  79° 

Pah,  132700  to  160500  

Tempering  in  oil  usually  increases  the  strength  from  40  to 
B0  per  cent. 
M      chrome,  made  at  Brooklyn,  N.  Y.,  and  tested  at  West  Point 
Foundry,  N.T ,  (specific  gr  7.816  to  7.956,)  163000  to  199000. 

Average  of  12  specimens 

**  made  from  very  pure  Swedish  iron,  but  containing  differ- 
ent proportions  of  carbon.  The  bars  were  21  }£  ins  long, 
with  14  ins  of  this  length  turned  down  to  a  uniform  ch- 
ain of  1  inch.  The  breaking  wts,  however,  in  the  table, 
are  per  sq  inch : 
Mark  No.    2,  carbon    .33  per  ct,  stretched  1.37  ins 


u 


ct 
u 


No.  2,  carbon  .33 

No.  4 

«    .48 

No.  6 

*    .48 

No.  6 

"    .63 

No.  7 

"    .58 

No.  8 

"    .63 

No.  10 

"    .74 

No.  12 

"    .84 

No.  15 

«   1.00 

No.  20 

«   1.25 

u 


M 


137 
1.25 
1.12 
0.81 
1.00 
0.69 
1.12 
1.00 
062 


M 


With  more  than  about  1 .5  per  ct  of  carbon  the  tensile  strength  of 
steel  diminishes.  A  bar  of  the  above  No.  15,  which  broke  at 
60  tons  per  so.  inch,  when  turned  down  for  14  ins  of  its  length  ; 
broke  with  79i£  tons  per  sq  inch  when  turned  down  at  one 
point  only.  This  is  owing  to  the  fact  that  the  last  could  not 
stretch  as  much  as  the  first,  and  therefore  its  diam  could 
not  be  diminished  as  much  before  breaking.  All  its  fibres 
pulled  more  unitedly.  It  will  be  observed  that  the  steel  of 
greatest  strength  stretched  the  least  before  breaking.  This 
stronger  steel  weald  break  nnder  a  suddmly  applied  fence,  or 
impulse,  more  easily  than  a  weaker  one  would  ;  because  the' 
weaker  one,  by  its  stretching,  gradually  breaks  the  force  of  the 
impulse,  on  the  same  principle  as  a  spring.  Hence  the  steel, 
iron,  6c,  which  is  strongest  against  a  gradually  applied  force 
or  strain,  may  be  unfit  for  uses  where  the  strain  comes  upon  it 
suddenly.  The  average  ultimate  tensile  strength  off  steel  is  about 
twice  that  of  wrought  iron.  Its  deflection  as  a  beam  within  the  elastic 
limits  is  about  ( that  of  wrought,  or  %  that  of  cast  iron.    Its  average  stretch 


Pounds 

per 
sq.  ' 


inch. 


63000 
86600 

125000 
58240 
71680 
76160 

100000 


120700 
214400 
164900 
141600 


180000 


68100 

304 

76160 

34 

84000 

37.* 

95200 

42.5 

92960 

41.5 

100800 

45 

101920 

45.5 

123200 

55 

134400 

60 

164560 

69 

Tons. 

per 

sq.  in. 


281 
38.6 

55.8 

26 

32 

34 

44.6 


53.9 
95.7 
73.3 
6&2 


80 
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1*  about  .1  lack  in  til  ft  forewcj  tea  per  sq  inch  ef  load,  •»  to  its  eiaade  timit.  whiefc  generally 
ranges  at  between  fcj  and  %  of  its  breaking  strength ;  tbe  latter  betag  for  the  harder,  stronger,  and 
less  stretch/  kinds.  A  uniform  bar  of  rolled  steel,  gradually  loaded,  will  stretch  from  -lrf  to  1 
of  its  length  before  breaking ;  or  from  A-  of  an  inch  to  2.4  ins  per  foot,  according  to  quality.  The 
mean  of  these  is  nearly  j^  of  the  length,  or  1-j^yinch  to  a  foot.  When  steel,  especially  if  bard,  baa 
to  be  heated  to  softness  in  order  to  give  it  a  required  shape,  it  is  thereby  weakened. 

Average  ultimate   tensile  or  cohesive  strength  of  Metals 

per  square  ineh.    (Continued.) 


Silver,  cast 

Tin,  English  block 

"   wire 

Zinc,  cast. ..3000  to  3700 


(the  last  by  author). 


Art.  6.    Average  ultimate  tensile  or  cohesive  strength  of 

various  materials* 


The  strengths  in  all  these 
tables  may  readily  be  one-third 
part  more  or  less  than  our 
averages. 

Brick,  40  to  400 

Caen  stone,  100  to  200 

Cement,  hydraulic,  Port- 
land, pure,  7  days 

in  water 

"   6  months  old 

u   T  year  old. .......... 

Common  hyd  cements 
average  1-6  as  much 
The  last,  neat,  adhere 
to  brick  and  stone  with 
from  15  to  50  lbs  when 

only  1  month  old 

At  end  of  1  year,  8 
times  as  much... 

See  "  Cement,"  p  675,  &c 

Glass,  2500  to  9000  (p  432) 

Glue  holds  wood  together 
with  from  300  to  800.. 

Horn,  ox 

Ivory ..... 

Leather   belts,    1500   to 
5000.    Good 

Mortar,  common,  6  mos 
old,  10  to  20 , 


Pounds 

ToQ8 

per 
sq.  inch. 

per 
sq.  ft. 

220 
150 

14.1 
9.7 

300 
450 
550 

19.3 
28.9 
35.4 

32 

2 

96 

6 

5750 

369.6 

550 

9000 

16000 

35 

579 

1029 

3000 

193 

15 

.96 

tc 
tc 


Marble,strong,wh.Italy.* 
Champlain,varie- 

gated* 

Glenn's  Flls,N.Y. 

blk*  750tol034. 

Montg'y   co,  Pa, 

gray  *„... 

"       white*... 

Lee,Ma8B,white.* 

Manchester,  Vt,* 

560  to  800 

"       Tennessee,  varie- 
gated*  

Oolites,  100  to  200 

Plaster  of  Paris,  well  set. 

Rope,  Manilla,  best 

4(     hemp,  beet -.. 

Sandstone,  Ohio* 

41  Pictou,  N.  S* 

"  Conn,  red.*..- 

Slate,  Lehigh  * 

"      Peach  bot'm,*  3026 

to  4600 .\ 

Stone,  Ransomed  artif... 
Whalebone 


Tons 

per 

•q.  ft 

66.5 

107.1 

57.4 

75.6 
47.2 
56-3 

43.4 

66J> 
9.7 
4.6 

771 

966 
6.75 
27.9 
37.9 

159.1 

245.1 
19.8 
489 


To  find  the  diam  in  ins  of  a  round  rod  to  bear  safely  a  given  pull 
in  lbs. 


Diam=.    / 
in  ins     \/ 


given  pull  X  coef  of  safety 

ult  tensile  strength  v  7«r. 

of  material  in  lbs  per  sq  inch  A  '409*' 


Iron  is  weakened  by  extreme  cold. 

The  belief  (originating  with  Styffof  Sweden,)  is  gaining  ground  that  Iron  and 
steel  are  not  rendered  more  brittle  by  intense  cold,  but  that  the  great  number  of 


*B; 

broken 


y  the  author's  trials  with  one  of  Riehle's  testing  machines.    Sections 

IX  sq  inches. 
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breakages  of  rails,  wheels,  axles,  Ac,  in  winter,  is  owing  to  the  more  severe  blows 
incident  to  the  frozen  and  unyielding  nature  of  the  earth  at  that  period  of  the  year. 
But  Sandberg's  experiments  show  conclusively  that  although  these  metals  may  per- 
haps bear  as  much  steady  force,  gradually  applied,  in  whiter  as  in  summer,  yet  their 
resistance  to  impulse,  or  suddtn  force,  is  not  more  thau  %  or  %  as  great  in  severe 
cold ;  which  renders  them  less  flexible  and  less  stretchy.  It  is  probable  that  this 
fact  does  not  receive  as  much  attention  as  it  should,  in  proportioning  iron  bridges,  Ac 
Some  experiments  with  good  wrought  iron  showed  that  even  at  23°  Fah,  or  only 
9°  colder  than  freezing  point,  there  was  a  loss  of  strength  of  from  2%  to  4  pei 
cent. 

Malleable  Cast  Iron.  Experiments  by  Mr.  D.  L.  Barnes,  of  Chicago,  on 
a  large  number  of  samples  of  a  single  make  of  "malleable"  cast  iron,  gave  in 
most  cases  tensile  strengths  ranging  from  24000  to  32000  lbs.  per  squat e  inch, 
with  an  average  of  about  28000  lbs.  The  higher  figures  were  obtained  generally 
with  the  smallest  bars  (about  3  X  %  inch)  and  the  lower  with  the  largest  bars 
(about  3X1  inch).  Pieces  planed  on  all  four  sides  averaged  only  about  24000  lbs. 
per  squarelnch.  This  may  explain  the  difference  in  favor  of  the  smaller  sections, 
in  which  the  original  "shell "  forms  a  larger  portion  of  the  w,hole  cross  section. 
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KIVETS  AND  RIVETING. 


MVETS  AND  RIVETING. 

S,  Pig*  3,  p  460,  shown  the  usual  shapes  of  rivets  as  sokl.* 

The  weJjthte  ia  the  Mltwbg  table  of  coarse  ioolude  the  head ;  but  the  lnajtaaj  as  usual, 

are  taken  "  under  the  head ;  "  or  are  those  of  the  shanks  only.     In  practice,  discrepancies  of  5 ore 
per  ct  in  wt  may  be  expected. 

From  Carnegie  Bros.  A  Go's  "  Useful  Information,"  by  C.  L.  Strobel,  O  B. 


Length 

of  Shank, 

Ins. 


Diameter*  of  Rivets  fa  laeaes. 


M 


% 


% 


% 


V4       \% 


3.0 

3.8 

4.6 

5.4 

6.2 

6.9 

7.7 

8.5 

9.2 

10.0 

10.8 

11.5 

12.3 

13.1 

13.8 

14.6 

15.4 

16.2 

16.9 

17.7 

18.4 

19.2 

20.0 

21.5 

23.0 

24.6 

26.1 

29.2 

32.2 

35.3 

38.4 


Weight  «f  10*  Rlrete,  la  i 

8.5 

9.9 

17*5 

11.2 

194 

25.6 

38.9 

12.6 

21.5 

28.7 

43.1 

13.9 

23.7 

31.8 

47.3 

*  15.3 

25.8 

34.9 

51.4 

16.6 

27.9 

87.9 

55.6 

18.0 

30.0 

41.0 

59.8 

19.4 

32.2 

44.1 

64.0 

20.7 

34.3 

47.1 

68.1 

22.1 

36.4 

50.2 

72.3 

23.5 

38.6 

53.3 

76.5 

•  24.8 

40.7 

56.4 

80.7 

26.2 

42.8 

59.4 

84.8 

27.5 

45.0 

62.5 

89.0 

28.9 

47.1 

65.6 

93.2 

30.3 

49.2 

68.6 

97.4 

31.6 

51.4 

71.7 

102 

33.0 

53.5 

74.8 

106 

34.4 

55.6 

77.8 

110 

35.7 

57.7 

80.9 

114 

37.1 

59.9 

84.0 

118 

38.5 

62.0 

87.0 

122 

41.2 

66.3. 

93.2 

131 

43.9 

70.5 

99.3 

139 

46.6 

74.8 

106 

147 

49.4 

79.0 

112 

156 

54.8 

87.6 

124 

173 

60.3 

96.1 

136 

189 

65.7 

105 

148 

206 

71.2 

113 

161 

223 

65.3 
70.7 
76.2 
81.6 
87.1 
92.5 
98.0 

103 

109 

114 

120 

125 

131 

136 

142 

147 

153 

158 

163 

169 

180 

191 

202 

213 

234 

256 

278 

300 


91.5 
93.4 

105 

112 

119 

126 

133 

140 

147 

154 

161 

167 

174 

181 

188 

195 

202 

209 

216 

223 

236 

250 

264 

278 

306 

333 

361 

388 


123 
133 
142 
150 
159 
167 
176 
184 
193 
201 
210 
218 
227 
236 
244 
253 
261 
270 
278 
287 
304 
321 
338 
355 
389 
423 
457 
491 


The  diam  of  rivets  for  bridge  work  is  from  %  to  1  inch ;  usually  %  to 
%\  and  for  plates  more  than  .5  inch  thick,  it  is  about  1.5  times  the  thickness; 
and  for  thinner  ones  about  twice;  but  these  proportions  are  not  closely  adhered 
to.  The  common  form  of  rivets  as  sold  is  shown  at  R,  figs  3,  a  head 
and  the  "hank  in  one  piece ;  and  S  shows  the  same  when  after  Being  heated 
white  hot  it  is  inserted  into  its  hole,  and  a  second  head  (conical)  formed  on  it  by 
rapid  hand-riveting  as  it  cools.  When  longer  than  about  A  Inn  they 
are  cooled  near  the  middle  before  being  inserted,  lest  their  contraction  in  cooling 
should  split  off  their  heads.  The  hemispherical  heads  often  seen,  called  snap 
heads,  are  formed  by  a  machine.  The  two  heads  alone  require  about 
as  much  iron  as  3  diams  length  of  shank.  Length  of  a  head  =  about  1 
diam  of  shank ;  and  its  width  about  2  diams  of  shank. 

Riveting  of  Steam  and  Water  Tight  Joints. 

Joints  tor  boilers  and  water-tight  cisterns  are  usually  proportioned  about 
as  per  the  following  table  by  Fairbairn ;  and  are  made  as  shown  either  by  Fist  1 
or  Fig  2.    Fig  1  is  called  a  single- riveted,  and  Fig  2  a  don  »le-rl  voted* 

lap-joint.    The  dist  a  o,  or  c  c,  is  the  lap. 

Mr  Fairbairn  considers  the  strength  of  the  single-riveted  lap-joint  to  be  about 
M ;  and  that  of  the  double-riveted,  about  .7  that  of  one  of  the  full  unholed 
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plates,  when  both  joints  are  proportioned  as  in  hi*  following  table.    But  some 

later  experimenters  consider  about 
.5  and  .6  as  nearer  the  correct  aver- 
age. Experiments  on  the  subject 
are  quito  conflicting;  and  it  is 
plain  that  no  one  set  of  propor- 
tions can  precisely  suit  all  the  dif- 
ferent qualities  oi  plate  and  rivet 
iron.  With  fair  qualities  of  both, 
there  is  every  reason  to  rely  upon 
.5  and  .6  (or  about  one-seveuth 
part  less  than  Fairbairn's  assump- 
tion) as  safe  for  practice.    These 
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Fig  1.  Fig  2. 

proportions  include  friction  (Art  4),  without  which  they  would  oe  about  A  and  .5. 


Fairbairn's  table  for  proportioning:  the  riveting  for  steam 

and  water-tight  lap-joints. 


Thickness  of 
cMh  plate. 


■16 


Diameter  of 
rivets. 


Length  of  shank 
before  driving. 


From  center  to 
oenter  of  rivet*. 


Int. 

i'4 


Lap  in  single 
riveting. 


Lap  In  doable 
riveting. 


In*. 


Blvetlnfr  of  iron  ajirdors,  bridges,  «fcc. 
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Figs  3. 
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Art.  1.  The  subject  of  riveting  is  abstrnse,  and  involved  in 
much  uncertainty ;  ana  experimental  results  are  very  discrepant.  We  here  pro- 
pose merely  to  confine  ourselves  to  what  is  considered  the  best  joint ;  and  for 
safety  we  shall  omit  friction:  see  Art  4.  In  girder  and  bridge  work  the  lap- 
krinto  above  described  are  seldom  used.  Instead  of  .them,  the  plates  p,  Figs  8,  to 
be  joine<Lare  butted  up  square  against  each  other,  thus  forming  a  bntt-joiiit, 
4  i,  Fig  X>;  and  are  united  by  either  a  single  covering-plate,  cover, 
wrapper,  fish-plate,  or  welt  e  «,  Fig  K ;  or  the  best  of  all  by  two  of  them, 
as  at  A,  or  o  o,  o  o,  Fig  B.  In  what  follows,  the  term  plate  never,  includes  the 
coven.  The  single  cover,  like  the  lap-joint,  allows  both  plates  and  cover  to  bend 
under  a  strong  pall,  somewhat  as  at  W,  thus  weakening  them  materially :  whereas 
the  double  cover  oo%oo,  Fig  B,  keeps  the  pull  directly  along  the  axis  of  the  plates, 
thus  avoiding  this  bending  tendency.  It  also  brings  the  rivets  into  double  shear, 
thus  doubling  their  strength.  When  there  is  but  one  cover,  it  should  be  at  least 
as  thick  as  a  plate;  and  when  there  are  two,  experience  shows  that  each  had  bet- 
ter be  about  hoo~third*  as  thick  as  a  plate,  although  theory  requires  each  to  be 
bat  ha(f  aa  thick  aa  a  plate. 
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The  length  w  W  of  covers  across  the  joint  is  equal  to  that  of  the  joint 

Butt*  require  twice  as  many  rivets  as  laps,  because  in  the  lap  each 
rivet  passes  through  both  the  joined  plates;  and  in  the  butt  through  only  one. 

The  rivets  and  plate  on  one  side  only  (right  or  lea)  of  the  joint- 
line  i  i  of  any  properly  proportioned  butt-joint  D,  represent  the  full  strength 
of  the  joint,  inasmuch  as  those  on  one  side  pull  in  one  direction^  against  those  on 
the  other  side,  which  pull  in  the  opposite  direction.  Therefore  in  designing  such 
joints  we  need  keep  in  mind  only  those  on  one  side,  as  is  done  in  what  follows. 
Thus  a  single,  double,  or  triple-riveted  butt-joint  D  implies  one,  two,  or  three 
rows  of  rivets  on  each  side  of  the  joint-line  i  i,  and  parallel  to  it.  In  a  prop- 
erly proportioned  lap  the  strength  is  as  all  the  rivets,  because  one-half  of  them 
do  not  pull  against  the  other  half,  but  one  end  of  every  rivet  pulls  in  one  direc- 
tion, and  its  other  end  in  the  opposite  direction. 

The  net  iron,  net  plate,  or  net  joint,  is  that  which  is  left  between 
the  rivet  holes,  and  outside  of  the  two  outer  ones,  all  on  a  straight  line  drawn 
through  the  centers  of  the  holes  of  one  row.  Ijts  width  and  area  are  called  the  net 
ones  of  the  joint.    That  between  other  rows  does  not  increase  the  strength. 

In  Figs  3,  N,  and  K,  the  rivets  are  plainly  exposed  only  to  single  shear; 
that  is,  the  opposing  pulls  of  the  two  plates  tend  to  shear  each  rivet  across  only 
one  circular  section ;  whereas  in  Fig  B,  with  two  covers,  or  in  Fig  A,  each  rivet 
is  exposed  to  double  shear,  one  just  above  and  one  just  below  the  joined 
plates.  m 

Art.  2.  Bridge-joints  are  not  required  to  be  steam  or  water- 
tight like  those  of  boilers  or  cisterns;  and,  therefore,  by  increasing  the  breadth 
of  the  overlap,  or  the  length  of  the  covers,  the  rivets  may  be  placed  in  several 
rows  behind  each  other,  as  the  3  rows  of  3  rivets  each  in  M  and  I),  instead  of  only 
one  row  of  9  rivets,  as  in  L.  By  this  means,  without  losing  any  of  the  strength  of 
the  9  rivets,  or  of  the  net  iron,  we  may  narrow  the  width  of  the  plate  to  an  ex- 
tent equal  to  the  combined  diams  (6  in  this  case)  of  the  holes  thus  dispensed  with 
in  the  one  row.  Moreover,  by  using  more  than  one  row  we  lessen  the  weakening 
effect  shown  at  W.  This  mode  of  placing  the  rivets  directly  behind  each  other  in 
several  rows,  as  at  M,  and  at  the  left-hand  half  of  Fig  D,  constitutes  Mr  Fair- 
bairn's  chain  riveting  ;  but  the  joint  will  be  somewhat  stronger  if  the  rivets 
are  placed  in  slgzaging  totier,  arm  the  ffgtfUhand  half  of  FJfc  D. 

The  dist  apart  of  the  rows  froin  cen  tocen  should  not  be  less 
than  2  diams.  It  is  questionable  to  what  extent  this  increase  In  the  number  of 
rows  may  be  carried  without  an  appreciable  loss  of  strength  in  the  rivets  conse- 

Suent  upon  the  impossibility  of  quite  equalizing  the  strains  on  the  separate  rows, 
tut  it  is  probable  that  if  we  do  not  exceed  2  or  3  rows  in  laps,  or  the  same  num- 
ber on  each  side  of  the  joint-line  in  butts,  we  may  in  practice  assume  that  each 
row,  and  each  rivet,  is  nearly  equally  strained. 

Rivet-holes  are  usually  of  about  one-sixteenth  inch  greater  diam  than  the 
original  rivet,  so  as  to  allow  the  hot  rivet  to  be  easily  inserted.  The  subsequent 
hammering  swells  the  diam  of  the  rivet  until  it  fills  the  hole.  We  may  either 
take  this  increased  diam  of  rivet  into  consideration,  as  we  have  done,  in  calcula- 
ting its  shearing  and  crippling  strength,  as  explained  farther  on,  or  with  reference 
to  increased  safety  we  may  omit  it.  firilled  rivet-holes  are  said  to  be  better 
than  punched  ones,  as  the  drilling  does  not  injure  the  iron  around  them ;  but  on 
the  other  hand  their  sharper  edges  are  said  to  shear  the  rivets  more  readily. 
Hence,  such  edges  are  sometimes  reamed  off.  Both  these  points  axe,  however, 
disputed :  and  both  modes  are  in  common  use. 

The  dist  from  the  edge  of  a  hole  to  the  end  of  a  plate  or  cover  should 
not  be  less  than  about  1.2  diams,  to  prevent  the  rivets  from  tearing  out  the  end 
of  the  plate;  nor  nearer  the  side  edge  of  aplate  than  half  the  clear  dist  between 
two  holes  as  given  by  the  Rule  in  Art  5.  The  first  is  rather  more  than  Fairbairn 
directs. 

Rivet  holes  weaken  the  net  iron  left  between  them,  not  only  by  the 
loss  of  the  part  cut  out,  but  either  by  disturbing  the  iron  around  them,  or  perhaps 
by  changing  the  shape  of  the  net  line  of  fracture,  which  may  not  then  resist 
tension  as  well  as  while  it  was  a  eon  tin  nous  straight  line.  Some  deny  both  cause 
and  effect  entirely,  each  party  basing  its  opinion  on  experiments.  Bat  the  mast 
of  evidence  seems  to  the  writer  to  show  that  the  net  iron  loses  on  an  average 
about  one-seventh  of  the  strength  due  to  the  net  width.  With  a  view  to  safety, 
which  we  consider  to  be  of  paramount  importance,  we  shall  in  what  follows 
assume  (until  the  question  is  definitely  settled)  that  there  Is  such  a  loss  of 
strength  in  the  net  iron. 

Riveted  joints  for  resisting  compression  should  depend,  not  as 
might  be  supposed  upon  their  butting  ends,  but  upon  either  the  shearing  or  the 
crippling  strength  of  the  rivets;  for  contraction  or  had  work  may  throw  the 
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Sressure  on  the  rivets.    Mae  bine  riveting  is  somewhat  stronger  than  that 
one  (as  is  assumed  in  our  examples)  by  hand.    The  thickness  of  plates 

used  in  girders,  tubular  bridges,  Ac,  is  usually  .25  to  .5  inch ;  with  thicker  ones 
up  to  1  inch  sparingly  in  large  ones.  A  packing  piece,  as  the  shaded  piece 
in  P,  is  one  inserted  between  two  plates  to  prevent  their  being  bent  or  drawn 
together  by  the  rivets. 

Art.  3.  A  riveted  joint  may  yield  in  three  ways  after  being 
properly  proportioned,  namely,  by  the  shearing  of  its  rivets;  or  By  the  pulling 
apart  of  the  net  plate  between  the  rivet  holes ;  or  by  the  crippling  (a  kind  of 
compression,  mashing,  or  crumpling)  of  the  plates  by  the  rivets  when  the  two  are 
too  forcibly  pulled  against  each  other.  It  also  compresses  the  rivets  themselves 
transversely .  at  a  less  strain  than  the  shearing  one;  and  this  partial 
yielding  of  both  plates  and  rivets  allows  the  joint  to  stretch,  and  may  thus 

Eroduce  injurious  unlooked-for  strains  in  other  parts  of  a  structure,  considerably 
efore  there  is  any  danger  of  actual  fracture.  Or  in  steam  and  water  joints  it  may 
cause  leaks,  without  farther  inconvenience,  or  danger.  For  a  long  time  this 
crippling  had  entirely  escaped  notice,  and  it  was  supposed  that  the  only  important 
point  in  designing  a  riveted  joint  was  that  the  tensile  strength  of  the  net  plate, 
and  the  shearing  strength  of  the  rivets  should  be  equal  to  each  other. 

The  crippling-  strength  of  a  joint  is  as  the  number  of  rivets,  in  a  lap, 
or  the  number  on  one  side  of  the  joint-line  in  a  butt  X  diam  X  thickness  of  joined 

Slate.  This  product  gives  the  crippled  area  of  the  joint.  We  shall  here  call  the 
iara  X  thickness  of  plate,  the  crippling  area  of  a  rivet.  If  there  are  2  or 
more  plates  (not  covers)  on  top  of  each  other  at  one  joint,  their  united  thickness 
is  used  for  finding  the  crippling  area.  The  ultimate  crippling  unit, 
by  which  the  above  product  is  to  be  multiplied  for  the  actual  ultimate  crippling 
strength  of  the  joint,  may  be  safely  taken  at  about  60000  lbs,  or  26.8  tons,  per  sq 
inch. 

The  diam  of  a  rivet  In  Ins  to  resist  safely  a  given  single-shearing 
force  is  found  thus:  Mult  the  shearing  force  by  the  coef  of  safety,  that  is  by  the 
number,  3,  4,  or  6,  Ac,  denoting  the  required  degree  of  safety.  Call  the  product  g. 
Mult  the  ultimate  shearing  strength  per  sq  inch  of  the  rivet-iron,  by  the  decimal 
.7854.  Call  the  product  b.  Divide  g  Dy  b.  Take  the  sq  rt  of  the  quotient.  The 
shearing  force  and  the  shearing  strength  must  both  be  in  either  lbs  or  tons. 

Or  by  a  formula, 


Diam  in  ins 


V 


Shearing  force  X  coef  of  safety 

Ult  shearing  strength  per  sq  inch  X  .7854 


If  the  rivet  is  to  be  doable-sheared,  first  mult  only  half  the  shearing 
force  by  the  coef  of  safety.    Then  proceed  as  before. 

Or,  near  enough  for  practice,  mult  the  diam  in  single  shear  by  the  decimal  .7. 

The  ultimate  shearing  unit  for  average  rivet-iron  may  be  taken  at 
about  45000  fits,  or  20.1  tons  per  sq  inch  of  circular  sheared  section. 


Table  of  ultimate  single  shearing  strength  of  rivets. 

(market  sizes),  in  single  shear ;  at  45000  ft*  or  20.1  tons  per  sq  inch. 

This  table  is  not  to  be  used  when  as  in  our  "  Example,"  Art  5,  the 
rlnnllng  strength  of  the  rivet  governs  the  strength  of  the  joint. 

»  rivet  is  in  doable  shear  it  will  have  twice  the  strength  in  the 


table. 

For  the  diam  In  double  shear  to  equal  the  strength  in  the  table,  mult 
the  diam  in  the  table  by  the  decimal  .7 ;  near  enough  for  practice ;  strictly,  .707. 


Diam. 

lQ4. 

Diam. 
Ins. 

lbs. 

Tons. 

Diam. 
Iba. 

% 
% 
% 

Diam. 
Ins. 

lbs. 

Tons. 

Diam. 
Ins. 

Diam. 
Ins. 

lbs. 

Tons. 

% 

.125 
.187 
.250 
.312 
.375 
.437 
.500 

552 
1242 
2209 
3452 
4970 
6765 
8836 

.246 
.554 
.986 
1.54 
2.22 
3.02 
3.94 

.562 
.625 
.687 
.750 
.812 
.875 
.937 

11183 
13806 
16705 
19880 
23338 
27060 
31064 

4.99 
6.16 
7.46 
8.88 
10.4 
12.1 
13.9 

1 

1.000 
1.062 
1.125 
1.187 
1.250 
1.312 
1.375 

35843 
39899 
44731 
49838 
55224 
60885 
66820 

15.8 
17.8 
20.0 
22.2 
24.6 
27.2 
29.8 
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The  tensile  strength  of  a  properly  proportioned  Joint  is 

equally  as  either  the  sectional  area  of  the  net  plate  (not  coven)  across  the  cen- 
ters of  only  one  row  of  rivets :  or  as  the  shearing  or  the  crippling  (as  the  case 
may  be)  areas  of  all  the  rivets  in  a  lap,  or  of  all  the  rivets  on  one  side  of  the 
joint-line  in  a  butt.  The  tensile  strength  of  fair  quality  of  plate  iron,  before  the 
rivet  holes  are  made,  averages  about  45000  lbs,  or  20.1  tons  per  sq  inch ;  but  we 
shall  for  safety  assume,  as  stated  in  Art  2,  that  the  making  of  the  holes  reduces 
the  strength  of  the  net  iron  that  is  left  about  one-seventh  part,  or  to  38500  toe, 
or  17.2  tons  per  sq  inch. 

Rem.  Even  tbls  is  considerably  too  great  for  laps,  or  Jbr  butts 
with  one  cover.owing  to  the  weakening  of  the  iron  in  such  by  the  bending  shown 
at  W,  Figs  3.    But  we  are  not  speaking  of  such! 

Art.  4.    The  friction  between  the  plates  in  a  lap,  or  between  the 

Elates  and  the  covers  in  a  butt,  produced  by  their  being  pressed  tightly  together 
y  the  contraction  of  the  rivets  in  cooling,  adds  much  to  the  strength  of  a  joint 
while  new,  perhaps  as  much  as  1.5  to  3  tons  per  sq  inch  of  circ  section  of  all  the 
rivets  in  a  lap.  or  of  all  on  one  side  of  a  single-cover  butt ;  or  3  to  6  tons  of  all  on 
one  side  of  a  double-cover  butt.  In  quiet  structures,  this  friction  might  continue 
to  exist,  either  whollv  or  in  part,  for  an  indefinite  period ;  but  in  bridges.  &c,  sub- 
ject to  incessant  ana  violent  jarring  and  tremor,  it  is  probably  soon  diminished, 
or  entirely  dissipated.  Hence  good  authorities  recommend  not  to  rely  on  it,  and 
it  is,  therefore,  omitted  in  what  follows. 

Art.  8,  We  now  giVe  rules  for  finding  the  number  of  rivets  required  for  a 
<1  on  trie  cover  baft-joint  (the  only  kind  of  which  we  shall  treat),  and  their 
clear  or  net  distance  apart.  This  dist  +  one  diam  is  the  pitch  of  the  rivets,  or 
their  oust  from  center  to  center.  The  principle  of  the  rule  will  be  explained 
further  on,  at  Art  7,  p  474. 

First,  select  a  diam  of  rivet  either  equal  to  or  greater  than  .85  times  the 
thickness  of  the  plate.  In  practice  they  are  generally  1.5  times  for  plates  %  inch 
or  more  thick ;  and  2  for  thinner  than  \$  in. 

Second,  mult  the  greatest  total  pull  in  pounds  that  can  come  upon  the  entire 
joint  by  the  coef  '3,  4,  or  6,  Ac)  of  safety,  and  call  the  product  p. 

Third,  raultiplV  the  crippling  area  of  the  rivet  (that  is,  its  diam  X  the  thick- 
ness of  plate)  by  60000.  The  prod  is  the  ult  crippling  strength  of  a  rivet.  Call  it  m. 

Fourth,  divide p  by  m.  The  quotient  will  be  the  number  of  rivets  to  sustain 
the  given  pull  with  the  reqd  degree  of  safety. 

Then,  the  clear  distance  apart  will  be 

Number  of  rows  X  Diam  X  00000 
38500 

Fifth.  The  clear  dist  from  either  end  hole  of  a  row  to  the  side  edge  of  the  plate, 
should  be  not  less  than  half  the  clear  dist  between  two  rivets  In  a  row. 

Example.  A  double-cover  butt-joint  in  .5  inch  thick  plate  is  to  bear  an  actual 
pull  of  33750  lbs,  with  a  safety  of  4;  or  not  to  break  with  less  than  33750  X  4  = 
135000  lbs.    How  many  rivets  must  it  have ;  aud  how  far  apart  mast  tbey  be  ? 

First,  Here  .85  times  the  thickness  of  the  plate  Is  .5  X  .85  =  .425  Inch ;  there- 
fore, our  rivets  must  not  be  less  than  .425  inch  in  diam ;  bat  we  will  take  .75  inch 
diam. 

Second,  The  greatest  pull  X  coet  oT  safety  =  33750  X  4  =  135000  lbs  =»  p. 

Third,  The  crippling  area  of  a  rivet  X  00000  =  .75  X  -5  X  60000  =•  22500  *  m. 

Fourth,  —  =  -s^^r  =  6  rivets  required  on  each  side  of  the  joint-line. 
*  m        22500 

And  the  clear  space  or  net  width  between  them  will  be,  If  the  6  rivets 
are  in  one  row : 

Diam  X  60000       45000 

3850o" =  38500  =  U688  ""• 

1  0188 
Aud  the  pitch   =  net  space  +  diam  =  1.1688  +  .76  =  1.9188  ins,  =»  — W— 

—  2.56  d  lams.      "  •«• 

In  practice,  to  avoid  troublesome  decimals,  we  might  make  the  net  space  1.2  ins; 

and  the  pitch  1.95;  but  to  show  farther  on  the  working  of  the  rule,  we  adhere  to 

the  more  exact  ones!  . 

Fifth,  The  clear  dist  from  each  end  hole  to  the  side  edge  of  the  plate  is  half  of 

1.1688  =>  .5844  ins. 
The  entire  width  off  net  Iron  is  equal  to  one  clenr  space  X  nnmber  of 

rivets  =»  1.1688  X  6  =  7.0128  ins;  and  the  entire  width  of  plate  is  equal  to  one 

Ditch  X  number  of  rivets,  =»  1.9188  X  6  =  11.6128  ins. 
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The  area  of  cross  section  of  nnholed  plate  is  1 1.6128  X  «5  =*  6.7564  sq  ins ;  ite  ten- 
tile  strength  before  the  holes  are  made  is  6.7664  X  45000  =  259038  fife 

The  strength  of  our  joint,  omitting  friction,  is  therefore  o-x^q  =  .52  of  that  of  the 
original  unnoted  plate.  Z590J8 

If  the  6  rivets  are  In  2  rows  of  3  rivets  each,  the  clear  dist  be- 
tween two  rivets  in  one  row  will  be  twice  as  great  as  before,  or  twice  1.1688 
=  2.3376  ins.  Pitch  =  2.3376  +  .75  =  3.0876  ins*»  3.0876  -*-  .75  **  4.12  diam* 
4?lear  dist  froni  end  hole  to  side  edge  or  phite  =  half  of  2.3376  =  1.1688. 
Entire  width  of  net  Iron  =  2.3376  X3  =  7.0128  ins.  Entire  width 
of  plate  =  3.0876  X3«  9.2628  ins.  Area  of  cross  section  of  nnholed 
plate=9.2628x. 5=4.6314  sq  ins.  Ultimate  tensile  strenfrth,  nnholed 
=  4.6314  x  46600  =  208413  lbs.    Hit  strength  of  riveted  Joint,  omitting 

135000 
friction  =  «-  .65  of  that  of  the  nnholed  plate. 

Thus  we  see  that  the  arrangement  with  two  rows  gives  the  same  strength  as  one 
row,  with  a  less  total  width  and  area  of  plate.    It  of  course  requires  longer  covert. 

If  the  6  rivets  are  in  3  rows  of  2  rivets  each,  the  area  of  cross 

section  of  the  nnholed  plate  is  4.2565  sq  ins.    Its  tensile  strength, 

135000 
191542  ros.    Strength  of  riveted  Joint «-  ^k^tto  =  -7  of  that  of  the  nnholed  plate. 

The  entire  width  of  net  iron  (7.0128  ins):  its  area  (7.0128  X  .5  =  3.5064  sq  ins); 
and  its  ultimate  tensile  strength  (3.5064  X* 38500  =  135000  ros),  are  the  same  in  each 
case.  The  last  is  the  required  breaking  strength  of  the  joint,  as  in  the  beginning 
of  oar  example ;  and  is  equal  to  the  combined  crippling  strength  of  the  six  rivets. 

Art.  6.  The  distance  apart  of  the  rows,  from  center  to  oenter  of 
rivets,  should  not  be  leas  than  two  diameters  of  a  rivet-hole. 

Rem.  1.  With  our  constants  for  tension,  shearing,  and  compression,  the 
rivets  will  not  yield  first  by  shearing  in  a  double-cover  butt  (and 
of  course  in  double  shear),  except  when  the  diam  is  either  equal  to  or  less  than 
.85  of  the  thickness  of  the  plate,  which  will  rarely  happen.  At  .85  the  crippling 
and  shearing  strength  of  a  rivet  are  equal  when  using  our  assumed  coefls  of  crip- 
pling, shearing,  ana  tension. 

Rem.  2.  Our  example  was  chosen  to  illustrate  the  rule.  It  will  rarely  hap- 
pen in  practice  that  the  rule  will  give  a  number  of  rivets  without  a  fraction ;  or 
that  may  be  divided  by  2  and  by  3  without  a  remainder.  In  case  of  a  fraction,  it 
is  plainly  best  to  call  it  a  whole  rivet ;  although  the  joint  thereby  becomes  a  trifle 
stronger  than  necessary.  Or  rivets  of  a  slightly  din  diam  may  be  used.  If  the 
number  of  rivets  comes  out  say  7  or  9,  we  may  make  2  rows  of  3  and  4,  or  of  4  and 
5,  Ac.  Moreover,  the  width  of  the  plate  is  frequently  fixed  beforehand  by  some 
requirement  of  the  structure,  and  we  must  arrange  the  rivets  to  suit,  taking  care 
in  all  cases  to  maintain  the  calculated  area  of  net  iron  in  one  row,  Ac. 

Rein.  S.    We  have  (as  we  at  first  said  we  should  do)  confined  ourselves  to  the 

simple  butt-joint  with  2  covers,  and  with  the 
y  9  rivets  in  cither  1,  or  in  2  or  more  parallel  rows 

I  ^  I    [     I     on  each  side  of  the  joint-line ;  this  being  the 

1 .  a      '    '     v     strongest  and  the  one  in  most  common  use  in 

I     w     s  i    !     r      engineering   structures.     Necessity   at   times 

y  A     v    i     \     calls  for  less  simple  arrangements,  for  which 

i     •  :  m    9     J    J     \     we  cannot  afford  space,  and  the  strength  of 

• 9  '  i    i     c     which   is   not   so    readily   calculated.    These 

fc  0  sometimes  yield  results  which  appear  strange 

to  the  uninitiated ;  thus,  this  lap-joint  breaks 
across  the  net  iron  of  one  plate,  along  either  c  c  or  o  o,  where  there  is  most  ofUy  and 
where,  therefore,  it  might  be  supposed  to  be  the  strongest. 

Rem.  4.  The  following  table  shows  approximately  the  comparative 
strengths  of  the  common  forms  of  joints  when  properly  proportioned :  varying 
with  quality  of  sheets,  and  of  rivets; 


With 

frlptiOD. 

The  original  unholed  plate 1.00 

Double-riveted  butt  with  two  covers .80 

Double-riveted  butt  with  one  cover 65 

Single-riveted  butt  with  one  cover 50 

Double-riveted  lap., 65 

Single-riveted  lap 50 


Without 

friction. 

1.00 

.64 

.52 

.40 

.52 

.40 
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Rem.  5.  The  above  tabular  strengths  for  the  lap-Joints  will  be  approx- 
imately attained  by  adopting  the  following  proportions,  according  as  the  joint  is 
double-  or  single-meted. 


Calling  thickness  of  plate....* 

Then  make  diam  of  rivet 

"     breadth  of  lap. 

"         "     pitch  from  cen  to  cen 

"         "     diat  from  end  of  plate  to 

edge  of  holes ... 

"         "     dist  apart  of  rows  from 
cen  to  cen 

Bern.  6.    If  two  or  more  plates  on  top  of  each  other,  as  the 

four  in  A  B  or  M  H,  are  to  be  jointed  together  so  as  to  act  as  one  plate  of  the 
thickness  c  e,  the  diams  of  the  rivets,  and  the  thickness  of  the  covers  ee,e«  will 
depend  upon  whether  the  junctions  of  the  plates  are  all  in  one  line  with  each 
other  as  at  c  c,  in  A  B,  or  whether  they  break  joint  with  each  other  as  at  0. 1. 2, 3 
inMH. 


Doable  rlr.  stgsas. 

Id  thicknesses.  Id  diams. 

Simple  rlv. 

Id  thickueases.  Id  diams 

1. 

1.67 
9.0 
7.0 

.6 
1.0 
6.4 
4.2 

1. 

1.67 
5.67 
4.5 

.6 
1.0 
3.4 
2.7 

2.0 

1.2 

2.0 

1.2 

3.83 

2.0 

m 


P, -    -  -     P 


S 


W^B* 


^*r- 


-tJP 


ZX 


jA 


*9 


It  is  plain  that  the  two  covers  c  c  by  means  of  their  connecting  rivets  convey 
from  A  to  B,  across  the  Joint  c  c,  all  the  strength  that  partly  compensates  far  the 
severance  of  the  four  plates  at  that  joint;  whereas  the  two  covers  ««,«&  and 
their  rivets  in  like  manner  convey  from  n  of  one  single  plate,  to  o  of  the  adjoining 
one,  across  the  joint  between  those  two  letters,  only  the  strength  that  partly  com- 

rnsates  for  the  severance  of  that  single  plate ;  and  so  with  the  joints  at  1,  2,  and 
Therefore  the  covers  c  c,  and  their  rivets,  must  be  four  times  as  strong  as  those 
at  any  one  of  the  four  Joints  0, 1,  2,  3.    The  first,  c  c,  are  to  be  regarded  as  Joining 
two  solid  plates  A  and  B,  each  of  the  fourfold  thickness  cc;  and  the  others  as 
joining  two  of  the  single  thickness.    The  covers  e  c  will,  therefore,  each  be  about 
two-thirds  of  the  thickness  c  c ;  and  the  others  each  about  two-thirds  as  thick  as 
a  single  plate.  Thus,  suppose  each  of  the  4  plates  inABorMHtobe%  inch  thick , 
making  cc  3  ins.  Then  each  cover,  c,  is  %  of  3  ins,  or  2  ins  thick  ;  or  the  two  covers, 
cc,  together  4  ins,  which  is  thus  the  effective  thickness  of  the  joint,  cc.    But  each 
cover,  e  «,  is  only  %  of  %  inch,  or  %  inch  thick ;  and  the  effective  thickness  of  joint 
at  either  0,  1,  2,  or  3,  is  that  of  the  3  unbroken  plates  plus  that  of  the  2  covers,  or 

(3X%)+(2Xk)  =  3Wins. 

Art.  7.  Principle  of  the  Bale  in  Art  8.  With  our  constants  for 
shearing  (45000  lbs  per  square  inch)  and  for  crippling  (60000  lbs.  per  square  inch),  and 
with  diameter  of  rivet  equal  to,  or  greater  than,  .85  times  the  thickness  of  the  plate, 
a*  by  our  rule,  the  crippling  strength  of  a  double  cover  butt  joint  will  be  equal  to,  or 
less  than,  its  shearing  strength.  Therefore,  to  avoid  waste  of  material,  either  in  the 
plate  or  in  the  rivets,  we  must  make 

VMth^r  v  Thickness  v  Tension  __  Crippling  area  v  Crippling  v  Total  number 

W1UIU  Ol  K      f  nl..tl,      A        nnit        —       ,\F  nn«  *twat      A  nnit  A        ~f  -<«._»• 


plate 


of  plate 


unit 


of  one  rivet 


nnit 


of  rivets. 


Mow,  by  Art  3,  the  crippling  area  of  a  rivet  Is  =  diam  of  rivet  X  thickness  of 
plate.  W  e  take  the  crippling  unit  at  60000  lbs;  and  the  teusion  nnit  at  38600  ft* 
Therefore  (transposing)  we  must  make 

m  *  i      a.    •  i*u       Diam  of  n/  Thickness  v,  mmm  \s  hiatal  number 
Total  net  width  a     rivet     X    of  pUte    X  W000  X 

of  plate  • * 


of  rivets 


Thickness  of  plate  X  38900 


J 
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By  making  the  clear  dist  between  each  end  rivet  of  a  row  and  the  Bide  edge  of 
£>ate  =  half  the  clear  dist  between  two  rivets  in  a  row ;  and  calling  the  sum  of  the 
two  end  dists  one  space,  we  have 

Number  of  spaces       Number  of  rivets    a~  «.„». 
in  a  row         ™         in  a  row.  »  mat 

Tlie  clear  dist  between  two  rivets  In  a  row,  which  is 

Total  net  width  of  plate  Total  net  width  of  plate 

Number  of  spaces  in  a  row  *  Number  of  rivets  In  a  row 

Diam  of  v  Thickness  v  /vmno  v  Total  number 
rivet     *    of  plate    *  wuw  *       of  rivets 

Thickness  v  <iaz£*i  v  Number  of  rivets 
of  plate    *  O80W  x         in  a  row. 

But  Total  number  of  rivets 

- — — - — — =  Number  of  rows. 

Number  of  rivets  in  a  row 

Therefore,  omitting  "  thickness  of  plate,"  common  to  both  numerator  and  denom- 
inator, we  have,  as  in  rule  in  Art  6, 

Clear  dist       Piam  of  rivet  X  60000  X  Number  of  rows 
apart      ~  88500 

Bat  if  tli  e  diam  etc  of  the  rivets  is  less  than  .85  times  the 
thicKneSS  Of  the  plates,  the  shearing  strength  of  a  double-cover  butt  joint 
(with  our  assumed  constants  for  shearing  and  crippling)  is  less  than  its  crippling 
strength.    In  such  cases,  for  the  clear  dist  between  two  rivets  in  a  row,  say 

M  j»   ^      Circular  area  of  a  rivet  X  Shearing  unit 

Clear  dist  =—_,-- _£ — . £_ —  x  2 

Thickness  of  plate  X  Tension  unit 

Rem.  1.  Bntt  joints  in  doable  shear,  or  with  2  covers,  being  the 
only  ones  here  considered.' and  inasmuch  as  rivets  may  always  be  used  with  a  diam 
greater  than  .85  of  the  thickness  of  the  plate,  we  may  in  practice  always  use  the 
Rule  in  Art  5  for  such  joints;  and,  therefore,  we  gave  it  alone. 

Rem.  S.  When  using  these  rules  for  other  kinds  of  Joint* 
such  as  laps,  or  bntts  with  single  covers,  remember  that  the  rivets  in  such  are  in 
singrle  shear;  and,  therefore,  we  can  nse  Rule  in  Art  5  (for  crippling)  only  when 
the  diam  is  cither  1.7  or  more  times  the  thickness  of  plate.  If  less,  nse 
Rnle  above  for  shearing:;  all  on  the  assumption  that  our  foregoing  coefs  of 
crippling  and  shearing  are  used. 

Bat  the  eoef  for  tension  mast  he  changed  for  each  kind  of  these 
other  joints,  to  allow  for  the  weakening  effects  of  the  bending  shown  at  W,  Figs 
3.  as  deduced  approximately  from  experiment.  •  The  writer  believes  that  the  fol- 
lowing tension  units  will  give  safe  approximate  results  without  friction.  For 
double-cover  butts,  double-riveted,  38500  lbs  per  so.  inch,  as  adopted  above. 
For  double- rive  ted  laps,  or  one-cover  butts,  28000.  For  single-riveted 
laps,  or  one-cover  butts,  24000.  But,  as  before  remarked,  no  great  certainty  is 
attainable  in  riveting. 

Bern.  S.  A  Joint  may  fall  by  crippling  without  the  facte  being 
known  or  even  suspected,  for  it  does  not  imply  that  anything  breaks,  but 
merely  that  the  joint  has  stretched;  and  this  might  not  be  detected  even  on 
a  slight  inspection  of  it.  Still  it  might,  and  probably  often  has  sufficed  to  endanger; 
and  even  destroy  both  bridges  ana  roofs  by  generating  strains  where  none  were 
provided  for. 

36 
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Art.  7.  Breaking  by  shearing.  Let 

abed,  Fig  1,  represent  a  beam,  with  its  ends 
resting  on  supports  SS;  with  a  load  I,  so  heavy 
as  to  break  it  by  forcing  its  entire  central  part, 
oo gg,  away  from  the  two  end  parts  a dg  and  be o ; 
so  that  while  the  two  latter  remain  in  their 
places,  the  central  part  slides  out ;  or  is,  as  it 
were,  punched  clean  out  from  between  them. 
This  peculiar  mode  of  fracture  is  called  shearing, 
or  detrusion.  The  force  required  to  produce  it, 
or  the  resistance  which  the  beam  opposes  to  such 
a  force,  may  practically  be  assumed  to  be  in  pro- 
portion to  the  area  of  the  sheared  section.  Thus, 
since  the  area  of  cross  section  of  a  beam  1  ft  sq 

is  4  times  as  great  as  that  of  a  beam  6  ins  sq,  the  former  will  present  4  times  as  great 
a  resistance  to  shearing;  or  will,  in  other  words,  require  4  times  as  great  a  load,  or 
pres,  to  shear  it  across.  In  Fig  1  the  total  sheared  area  is  equal  to  twice  the  trans- 
verse area  of  the  beam.  See  Eye-bars  and  Pins,  page  612.  Bridge  chords  are  ex- 
posed to  great  shearing  force  where  they  rest  on  the  abuts,  but  it  becomes  less 
toward  the  center  of  the  span;  and  so  with  every  equally  loaded  beam.    See  pfiSSL 

We  have  very  few  experimental  data  on  this  subject. 

The  shearing  strength  of  white  pine,  spruce, 
and  hemlock,  parallel  to  the  fibres,  by  the  author,  250  to  500  lbs 
per  sq  inch;  oak  400  to  700;  and  is  of  use  in  estimating  the 
resistance  along  the  line  c  c,  Fig.  2,  at  the  end  of  a  tie-beam ; 
or  at  the  head  of  a  queen-post,  <fec. 

Across  the  fibres  the  writer  found  for  spruce  about 
3250  lbs;  white  pine  and  hemlock  2500;  yellow  pine* 4300 to 
5600 '  white  oak  4400. 

Wrought  iron  is  stated  at  35000  to  55000  fibs  per  sq 
inch;  cast  iron  20000  to  30000;  steel  45000  to  75000  fits; 
copper  33000. 

The  shearing  strength  of  steel  and  wrought  iron  is  about  J4 
part  less  than  the  tensile,.  The  punching  of  rivet-holes  in 
iron  or  steel  plates,  is  an  example  of  shearing.  The  rivets  in 
tubular  bridges  are  frequently  sheared  in  two,  in  time,  by  the  motion  of  the  plates 
through  which  they  are  driven.  In  punching  holes,  the  area  of  section  is  evidently 
found  by  mult  the  circumf  of  the  hole  by  the  thickness  of  the  plate  in  which  it  Ut 
punched.  If  a  piece  of  material  be  supported  as  shown  in  Fig  2V£,  its  resistance  to 
shearing  will  be  3  times  as  great  as  in  Fig  1,  where  it  is  sheared  across  in  2  places 
only ;  whereas  in  Fig  2%,  shearing  would  have  to  occur  at  6  places,  as  per  the  6 
dotted  lines. 

Art.  8.    Breaking  by  torsion,  or  twisting*    Let  n,  Fig  3,  be  a  vert 

cylindrical  rod  of  any  material,  1  inch  diam,  the  lower 

end  of  which  is  immovably  fixed ;  and  let  c  be  a  lever 

whose  leverage  a  b,  measd  from  the  axis  of 

the  cylindrical  rod,  is  1  ft.    Suppose  that  with  a  spring 

balance  attached  to  the  end  b  of  the  lever,  we  apply  force 

horizontally,  and  around  the  axis  of  the  rod  as  a  center, 

until  the  rod  breaks  by  being  twisted.    Then  if  we  mult 

together  the  leverage  a  6  (1  foot)  and  the  amount  of  force 

«hown  by  the  spring  balance  in  fbs,  and  div  the  prod  by 

the  cube  of  the  diam  of  the  rod  in  ins  the  quot  will  be  a 

certain  number  of  foot-pounds ;  and  will  be  what  is  called 

the  constant,  or  coefficient  for  torsion,  for  all  cylindrical  bars  of  that  material.    If  we 

use  a  square  bar,  we  shall  get  the  coef  for  square  bars ;  and  so  with  any  other  shape. 

So  that  if  with  any  other  bar,  or  shaft,  we  mult  the  cube  of  its  diam  in  inches  t>y 


Fiar.SK. 


Fig.  3. 


•  See  foot-note  •  p.  463. 
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Mtd  constant,  mud  dlv  the  prod  by  the  leverage  in  feet,  the  quot  will  be  the  foroe  in 
Re  which  will  twist  tW  bar  in  two.    In  shape  of  form  u  1*8, 


Leverage  v  Brkg  force  Chbe  of  diam  v  riA„ol.a„f     RrAA.b0> 

in  feet    X      it?Ibs  _      .     4  .    A       in  ins        X  Octant     Breakg 

— n-.- — r-r i—i =  Constant.  And = .    _    . =  J0™*     A,8° 

Cube  of  diam  in  ins  Leverage  in  feet  in  9m. 

Cube  of  diam  v  pnnHtAnt  Leverage  v  Brkg  force 

in  ins        *  i/onstan^  Leverage  in  feet    x      in  !bs  Cube  of  diam 

Brkg  force  in  fts        *"   in  feet  Constant  ""       in  ins. 

The  constant  for  solid  cylinder*  of  average  cast  iron  is  about  600; 
and  for  wrought  iron  800.  For  puddled  steel  about  700;  cast  steel  1000  to  1700. 
Wrought  copper  400.    All  may  vary  one  fourth  part  of  these  more  or  less. 

For  woods,  rough  averages.  W  pine  or  spruce  20  to  25  it-lbs.  Y  pine  35. 
Ash  40.    W  oak  50.    Locust  75.    Hickory  85. 

To  find,  by  the  last  formula,  the  diam  of  a  rod  to  have  a  safety  of  3,  4,  5,  Ac, 
against  a  given  twisting  force  in  lbs,  first  mult  said  force  by  3,  4,  6,  Ac,  as  the  case 
may  be,  and  use  the  prod  as  the  breaking  force.   The  diam  will  then  be  the  safe  one. 

Any  angle  described  by  the  force  at  fc,  when  made  to  revolve  around  the  axis  of 
the  rod  as  a  center,  during  the  twisting  process,  is  called  the  angle  or  torsion.  The 
length  of  the  twisted  rod  or  shaft  does  not  affect  the  amount  of  force  reqd  to  produce 
rupture ;  but  the  longer  it  is,  the  greater  will  be  the  angle  of  torsion ;  or  in  other 
words,  the  greater  will  be  the  dist  through  which  the  force  must  revolve  around  the 
axis  before  fracture  takes  place.  On  the  other  hand,  a  long  shaft  will  twist  through 
a  given  angle  under  a  less  force  than  a  short  one  of  same  diam  and  malarial ;  and  will 
more  readily  bend  under  torsion.  Authorities  say  that  a  working  shaft  should  not 
twist  more  than  1°.    We  should  not  expose  it  to  more  than  .1  of  its  ult  strain. 

If  we  know  the  force  in  lbs  per  sq  inch  reqd  for  shearing  any  material,  see  pre- 
ceding Art,  then  the  force  required  to  break  a  cylinder  of  it  by  torsion,  is 
Torsion     One-half  the  shearing  v  « 141R  v  Cube  of  rad  of 
force  =  force  in  lbs  per  sq  inch  *  01»i0  a  cylinder  in  ins 
in  lbs  Leverage  in  inches. 

That  of  a  square  abaft  is  about  li  times  that  of  a  round  one  whose  diam 
is  equal  to  a  side  of  the  square ;  or  about  J  less  than  that  of  a  round  one  of  the 
same  transverse  area.    For  any  solid  rectangular  shaft 

ntnft1ilni(        One-third  of  the  shearing  v  The  square  of  v  The  square  of 
Torsional  force  _,      force,  In  lbs  per  sq  in      *       one  side       *  the  other  side. 
ln  g^  Square  root  of  the  sum  of  the  v  Leverage 

above  two  squares  x  in  inches. 

Hollow  shafts  resist  torsion  better  than  solid  ones  of  the  same  area  of 
metaL    Calling  the  outer  and  inner  diama  in  ins  D  and  d,  then 

m  -? "ft11*        (I*  —  <**)  X  Constant 

Torsional  force  =  v-= .    Aw^ 

in  fiw  Leverage  in  ft  X  D 

Strength  of  wrought  -  Iron  shafting.  The  shafting  used  for  the 
transmission  of  power  to  the  diff  parts  of  machine-shops,  many  manufacturing  es- 
tablishments, Ac,  is  subjected  to  twisting  strains.  It  is  usually  made  cylindrical, 
and  of  wrought  iron.  Experience  shows  that  we  may  safely  use  the  following  for 
shafts  of  iron  of  good  quality,  bearing  but  little  weight,  and  well  supported  at  proper 
intervals,  say  8  or  9  ftl,  by  self-adjusting  ball  and  socket  hangers. 


Diam  of  a  wrought       4    /  Horse-powers 
iron  shaft  in  ins.      =  \/   Number  of  revs  *     °* 

v        per  minute 

Or  in  words :  for  the  diameter  in  inches  div  the  number  of  horse-powers  that  are 
to  be  transmitted  along  the  shaft,  by  the  number  of  revs  which  the  shaft  is  reqd  to 
make  .per  min.  Mult  the  quot  by  125.  Take  the  cube  root  of  the  product.  This 
cube  root  will  be  the  diameter  itself,  at  the  thinnest  part,  at  its  bearings. 

The  last  formula  shows  that  the  faster  a  shaft  revolves  under  the  same  number 
of  horse-powers,  the  less  is  the  torsional  strain  upon  it.  This  may  at  first  seem 
strange,  but  less  so  when  we  reflect  that  a  horse-power  is  made  up  of  pre*  and  dist  • 
therefore,  the  faster  it  moves,  the  less  is  its  pressure.  Hence  many  horse-powers  rel 
volving  rapidly  will  require  a  less  diam  than  a  small  number  revolving  slower  in 
proportion  than  its  number. 
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TRANSVERSE  STRENGTH, 


Art.  9.  Transverse  (or  across)  Strength.    Sometimes  called  Relative 
Strength. 

When  either  a  load  i,  Fig.  1,  or  any  other  vertical  force  acts  upon  a  horizontal 
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beam  /  o  fixed  at  one  end,  the  beam  becomes  a  lever,  having  a  tendency  to  revolve 
about  the  fixed  end,  /,  as  a  supporting  fulcrum,  ana  in  so  doing  to  strain  or  break 
the  beam  by  forces  of  tension  and  compression,  acting  toriaontally  or  length- 
wise of  the  beam,  pulling  apart  the  upper  fibres  and  crashing  together  the  lower 
ones.  This  is  indicated  by  the  arrows  in  the  figure,  those  near  the  load  repre- 
senting respectively  its  pull  upon  the  upper  fibre%  and  if*  push  along  the  lower 
ones,  while  those  near  the  wall  represent  the  corresponding  reactions  of  the 
support. 

The  load  or  other  force  together  with  the  weight  of  the  beam  also  tends  to 
break  the  beam  by  shearing  or  cutting  it  across  vertically,  as  shown  at  Fig.  1, 
p.  692.  But  we  shall  here  treat  only  of  the  first  of  these  tendencies;  namely,  the 
tendency  to  bend  or  break  the  beam  (Fig.  1)  by  compressing  the  lower  fibres 
and  extending  the  upper  ones. 

Such  a  tendency  exists  at  each  cross  section  as  t,  in  the  length  of  the  beam,  and 
is  called  the  moment  of  rapture-  or  breaking  moment,  or  moment 
of  the  load,  at  such  section.  It  is  measured  (as  are  all  moments,  see  pp. 
336,  etc.)  in  foot-tons,  foot-pounds,  or  inch-pounds,  etc. ;  and  is  found  thus : 

Moment  of  rupture  about  t  =  The  load  X  its  leverage  about  t.  The 
leverage  about  t  is  the  shortest,  or  perpendicular,  distance  v  t  from  the  section 
t  to  the  line  of  direction  a  m  of  the  force  by  which  the  beam  is  strained.  When 
this  force  is  a  load  I,  acting  vertically  as  in  Fig.  1,  the  leverage  v  s  is  necessarily 
the  horizontal  distance  between  the  given  section,  t,  and  the  Toad,  I. 

The  product,  or  moment,  will  be  in  foot-pounds,  or  inch-tons,  etc.  accordingly 
as  the  leverage  is  measured  in  feet,  or  in  inches,  etc.,  and  the  load  in  pounds,  or 
in  tons,  etc. 

For  a  given  load,  the  greatest  moment*  in  a  beam  like  that  in  Fig.  1,  is 
plainly  toe  moment  about  the  point,  f,  of  support;  for  that  is  the  section  about 
which  the  load  has  the  longest  leverage. 

If  the  load,  Instead  of  being  concentrated,  like  I,  is  distributed  in  any 
way  along  the  whole  or  a  part  of  the  beam,  its  leverage  is  measured  from  the 
piven  section  perpendicular  to  the  line  of  direction  of  its  center  of  gravity ;  which 
is  plainly  the  case  also  with  a  concentrated  load,  because  its  line  of  direction  also 
passes  through  its  center  of  gravity.  Thus,  the  weight  of  that  portion,  o  t  or  of. 
Fig.  1,  of  the  peam  itself;  beyond  the  given  section,  t  or/,  acts  as  a  distributed  load, 
having  a  moment  of  its  own,  about  t  or/,  equal  to  the  product  of  its  weight  multi? 
plied  by  the  horizontal  distance  from  its  center  of  gravity  to  the  given  section,  t 
or/.  But  for  the  present  we  shall,  for  the  sake  of  simplicity,  neglect  tibia  moment 
of  the  weight  of  the  beam  itself,  and  consider  only  that  of  the  extraneous  load,  L 

Before  the  beam  bends,  its  leverage  is  evidently  greater  than  afterwards,  and 
it  becomes  less  as  the  bending  increases ;  but  as  very  little  bending  is  allowed 
in  practical  cases  the  leverage  may  generally  be  assumed  not  to  change,  but  so 
remain  as  when  the  beam  is  horizontal. 
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Let  Fig.  2  represent a  rigid  beam,  incapable  of  yielding  except  by  rupture  along 
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the  vertical  plane  i  e}  pulling  away  from  the  wall  at  i  «,  and  crushing  into  it  at 
e  v,  so  as  to  assume  such  a  position  as  that  indicated  by  the  dotted  lines.  To  do 
this;  it  must  cause  a  longitudinal  stress  in  all  the  fibres  from  top  to  bottom  of 
the  beam  at  the  section  tne,  viz. :  a  tensile  stress  in  those  above  w,  and  a  com- 
pressive stress  in  those  below  n.  The  greatest  strain  is  at  the  top  aud  bottom 
fibres ;  and  from  them  both  ways  it  diminishes  until  at  n  it  is  nothing.  This  is 
indicated  by  the  varying  distances  between  i  e  and  v  8.  In  an  actual  beam, 
which  must  be  more  or  less  flexible,  the  load  also  stretches  or  compresses  the 
fibres  lengthwise  at  every  vertical  section  along  the  entire  length  of  the  beam, 
more  or  less  according  to  its  leverage  and  moment  at  said  section ;  most  near  the 
fixed  end  and  least  near  the  free  end ;  so  that  the  extent  of  stretch  indicated  by 
s  i  is  the  sum  of  the  accumulated  stretchings  that  have,  taken*  place  in  the  top 
fibres  at  every  point  from  i  to  a. 

A  bestm  o  o,  Fig.  3,  supported  at  only  one  i*olnt,  whether  at  the 
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center  or  not,  and  balanced  by  two  either  equal  or  unequal  loads,  may  plainly  be 
regarded  as  two  levers,  each  of  which  is  essentially  in  the  same  condition  as  that 
in  Fig.  2.  Whether  the  loads  are  concentrated  or  distributed,  tbeir  leverages  v  *, 
v  8,  are  (as  before)  to  be  measured  from  v  perpendicularly  to  the  lines  of  direction 
am,ttw,  of  their  centers  of  gravity  as  in  Fig.  2.  Both  the  5  ton  loads  are  mani- 
festly upheld  by  the  support,  which  of  course  reacts  vertically  upwards  again t 
them  in  a  vertical  line  with  their  common  center  of  gravity  n,  and  With  a  force 
of  10  tons. 

Rem  1.  Suppose  each  lever,  v  s  Fig.  3,  to  be  4  feet.  Then,,  si  nee  each  end 
load  is  5  tons,  the  moment  of  efich  load  about  the  fulcrum  n  would  be  "=5X4  =  20 
foot-tons.  Hence  it  might  seem  that  over  the  support  the  fibres  of  the  beam 
near  n  would  have  to  resist  a  combined  moment  of  40  foot-tons.  But  they  have 
actually  to  present  a  resistance  of  but  20  foot-tons,  oh  the  same  principle  that  if 
two  men  pull  against  each  other  at  two  ends  of  a  rope,  each  with  a  force  of,  say 
30  lbs,  the  strain  or  pull  on  the  rope  is  not  60  but  only  30  lbs.  because  strain  is 
the  reaction  (pressure  or  pull)  against  each  other  of  two  equal  opposing  forces, 
and  is  equal  to  only  one  of  them.  The  two  above  equal  moments  are  merely  two 
forces  acting  through  leverages. 

A  beam,  supported  at  both  ende,  and  loaded  at  only  on© 
potntt  whether  at  the  center  or  not,  with  a  concentrated  load,  as  in  Fig.  4, 
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Rem.    If  the  load  la 

concentrated  as  In  Fig  4,  we 
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may  also  like  Fig  3  be  regarded  as  two  levers  with  their  common  fulcrum  at  n 
in  a  vert  line  with  the  cen  of  grav  of  the  load.  This  however  is  by  no  means 
so  manifest  at  first  sight  as  in  Fig  3,  but  needs  a  little  explanation.    Let  the 

beam  bear  10  tons  concentrated  at  its  center,  then 
evidently  5  tons  of  it  will  rest  pressing  down- 
wards on  each  end  support;  and  each  support 
will  therefore  press  upward  or  react  against  an 
end  of  the  beam  with  a  force  of  5  tons  as  per  the 
arrows.  Now  these  two  5-ton  reactions  of  the  sup- 
ports in  Fig  4  are  to  be  considered  as  taking  the 
™_  a  ■"       place  of  the  two  5-ton  end  loads  in  Fig  3 ;  while 

*lff*  *'  the  10-ton  load  in  Fig  4  takes  the  place  of  the 

10-ton  reaction  of  the  support  in  Fig  3,  and  hence  in  this  view  of  the  case  is  no  longer 
to  be  considered  at  all  as  load,  but  merely  as  a  fixture  for  holding  the  common  ful- 
crum n  of  the  two  levers  in  place,  or  in  equilibrium  with  the  upward  end  reactions. 
Being  no  longer  regarded  as  load,  it  of  course  cannot  in  such  cases  be  assumed  to 
have  any  moment  of  rupture;  that  property  being  now  transferred  to  the  end 
reactions.  Still,  to  avoid  awkwardness  of  expression  we  always  speak  of  the  mo- 
ment of  the  load  even  in  such  cases,  rather  than  of  the  moments  of  the  reactions 
ofths  load.  In  both  Figs  3  and  4  the  forces  at  work  are  the  same  in  amount,  but 
plainly  reversed  in  direction. 

distributed  as  the  6  tons  in  Fig  5,  instead  of 
still  consider  the  beam  as  consisting  of  two  levers 
with  their  common  fulcrum  n  in  a  vert  line  with 
the  cen  of  grav  c  of  the  load.  But  to  find  the  mo- 
ment of  the  load  (or  more  correctly,  the  moment 
of  the  reactions  of  the  supports)  about  n  we  must 
proceed  a  little  differently.  Thus  let  the  beam  be 
3  ft  span,  and  the  load  uniform,  weighing  6  tons, 
and  being  1  ft  long.  Find  by  rule,  p  481,  .  how 
much  of  this  load  rests  on  each  support,  (4  tons  on 
a,  and  2  tons  on  o.)  The  upward  reactions  of  the 
supports  will  therefore  also  be  4  and  2  tons.  Then 
first  find  the  moment  about  n  of  either  one  of  the  reac- 
tions, say  of  the  4-ton  one  at  a.  This  moment  will  plainly  be  (4  tons  X  1  ft)  =  4 
ft-tons.  Then  find  the  moment  about  n  of  that,  part  (3  tons)  of  the  load  that  is  between 
n  and  a,  by  mult  the  wt  (3  tons)  of  that  part  by  the  hor  dist  (en  =  .25  of  a  ft) 
between  Us  cen  of  grav  and  n.  This  last  moment  (3  tons  X  .25  of  a  ft)  =  .75  of  a 
ft-ton,  being  downward,  evidently  diminishes  or  counteracts  the  upward  moment 
of  the  4-ton  reaction  at  a  about  the  same  fulcrum  n  to  the  same  extent,  and  is 
therefore  to  be  subtracted  from  it,  thus  leaving  4  —  .75  =  3.25  ft-ton  for  the  mo- 
ment of  the  6-ton  load  about  n. 

The  same  result  will  follow  if  we  use  the  2-ton  reaction  of  o,  with  the  hor  lever- 
age o  n,  and  the  part  of  the  load  between  o  and  n.  To  find  the  moment  for  any 
other  point  than  n  see  pp  481  to  488.    ' 

If  the  beam  Is  Inclined,  the  moment  of  rupture  may  still  be  found  by 
using  the  hor  span  and  segments  instead  of  the  inclined  ones;  but  the  resulting 
longitudinal  strains,  as  well  as  the  shearing  forces  become  chauged,  involving  much 
complication.    We  confine  ourselves  therefore  to  hor  beams. 

In  a  cantilever,  Fig  29*4,  a  load  or  portion  of  a  load  causes  a  mo- 
ment  or  strain  in  every  part  of  the  beam  between  said  load  or  por- 
tion of  load  and  the  point  t  of  support,  but  at  no  other  point. 
Thus  c  causes  a  moment  at  each  point  betweeu  i  and  t\  and  a  causes 
a  moment  at  each  point  between  i  and  s ;  but  a  causes  no  moment 
at  any  point  between  «  and  t. 

The  weight  of  the  beam  itself  is  not  here  included, 
to  be  so,  consider  it  as  a  uniform  load,  and  use  Case  3  or  Case  10,  p 
and  add  the  result  to  that  obtained  for  the  load. 
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When  required 
482  and  483, 


The  deflection  in  ordinary  cases  may  be  found  by  the  rule  on  page  506. 
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General  Rale  for  moments  of  rapture  la  nor  cantilevers,  no 

matter  how  irregularly  the  load  or  loads  may  be  distributed.  Bear  in  mind  that 
only  that  part  of  the  load  which  is  beyond  (towards  the  free  end  from)  any  as- 
sumed point  tends  to  break  the  beam  at  that  point  as  a  fulcrum,  and  that  it  does 
so  with.a  leverage  =  dist  of  the  cen  of  grav  of  that  part  of  the  load  from  the  point. 
The  other  part  of  the  load  has  no  moment  at  that  point.  Thus  the  whole  load 
o  x  tends  to  break  the  beam  at  g  or  i  with  a  leverage  =  a  g  or  a  i  as  the  case  may 
be,  a  being  the  cen  of  grav  of  the  load.  And  so  for  the  moment  at  any  other 
point  c,  Fig  29,  as  a  fulcrum,  find  the  wt  of  all  the  load  c  x  between  c  and  the  free 
end  /  of  the  beam.  Also  find  the  cen  of  grav 
m  of  that  part  of  the  load.  Mult  the  weight 
just  found  by  its  leverage  c  «. 

Example  1.  We  use  a  uniform  load  in 
order  to  illustrate  the  rule  more  readily.  Let 
the  hor  yellow  pine  beam  i  I  be  7  ft  long ;  its 
breadth  and  its  depth  i  e  each  6  ins ;  the  whole 
load  ox4  tons;  and  e  the  point  or  fulcrum  at 

which  the  moment  of  the  load  is  read.  Then  the  wt  of  the  load  between  o  and  t 
is  3  tons ;  and  its  cen  of  grav  *  is  1.5  ft  or  18  ins  from  c.  Hence  the  load's  moment 
at  e  =  3  tons  X  18  ins  leverage  =»  54  inch-tons.  That  is,  a  load  of  3  tons  tends 
with  a  leverage  of  18  ins  to  rupture  the  beam  at  c. 


Fig.  ». 


Example  H.  Let  Fig  80  be  a  rolled 
Iron  I  beam  cantilever  of  the  cross-section 
shown  in  ins  at  8,  projecting  hor  10  ft  or  120 
ins,  and  bearing  a  concentrated  load  of  2  tons 
at  its  free  end.  The  moment  of  the  load  at  the 
section  i  e  is  =  2  X  120  =  240  inch-tons. 


Pig.  80. 


<    *    > 

S*  J  S  <» 


Fig.  31.  g 


General  Rale  for  H  of  Rap  In  hor  beams  supported 
at  each  end,  no  matter  how  irregularly  the  load  or  loads  may  be  distributed. 
Let  «  a,  Fig  31,  be  such  a  beam  of  yellow  pine 
of  6  ft  or  72  ins  span,  6  ins  square,  and  loaded 
with  3  tons.  First  find  the  cen  of  grav  c  of 
the  whole  load  a  r,  and  what  portion  (1.25 
and  1.75  tons)  of  said  load  rests  on  each  sup- 
port i  and  n,  thus,  as  whole  span  :  whole  load 
:  s  either  arm  t  portion  at  other  arm.  Con- 
sider the  upward  reactions  thus  found  (1.25  and  1.75  tons)  of  the  two  supports  to 
be  two  forces  acting  vert  upwards  against  the  ends  of  the  beam  at  i  ana  n  as  de- 
noted by  the  arrows.  Let  o  be  any  point  whatever  In  the  beam  at  which  as  a  ful- 
crum the  load's  moment  is  required.  Assume  either  of  the  upward  end  forces,  say 
the  1.25  tons  at  i,  to  be  acting  at  the  outer  end  i  of  a  lever  i  o  (4  ft  long)  of  which 
o  is  the  fulcrum.  Mult  this  force  (1.25  tons)  at  i  by  this  leverage  t  o  (48  ins).  Call 
the  product  (60)  p.  Find  the  cen  of  grav  («)  of  the  part  load  a  o  (2  tons)  between 
i  and  o.  Mult  said  part  load  by  the  dist  o  « (12  ins)  of  it*  cen  of  grav  («)  from  the 
given  point  or  fulcrum  o.  Deduct  the  product  (24)  from  p.  The  remainder  (36 
inch-tons)  will  be  the  moment  at  o  of  the  total  load  a  x.  The  same  result  will 
follow  if  we  use  n  and  the  1.75  tons  reaction,  but  with  the  load  x  o. 

Rem.  1.  If  there  Is  no  load  between  i  and  the  fulcrum  point,  as  would 
be  the  case  if  the  moment  had  been  reqd  at  any  point  between  i  and  a  instead  of 
at  o,  then  tho  above  p  bv  itself  is  the  moment.  Thus  e  is  12  ins  from  it  hence  the 
moment  at  t  of  the  entire  load  a  x  is  1.25  X 12  =  15  inch-tons. 
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*  J?*™'  2;  Althongh  in  Fig  31  the  load  is  regarded  As  having  no  moment  at  either 
ena  i  or  n  of  the  beam,  yet  it  produces  shearing  forces  there  equal  to  the  upward 
reactions.    See  "  Shearing,"  p  532. 

Although  the  foregoing  general  rules  apply  to  all  the  following 
still  these  last  will  often  expedite  calculations. 


V 


f 
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CANTILEVERS. 

Case  1.    Concentrated  load  at  free  end,  Fig  32. 

Greatest  moment  is  at  o,  and  =  load  X  o  n.  At  any  other  point 
a  it  is  =*  load  X  a  n.  Make  o«  =  greatest  moment,  join  v  n; 
then  a  c  is  the  moment  at  any  point  a. 


Case  2.  Concentrated  load  at  any  point  a,  Fig 

33.  Greatest  moment  is  at  o,  and  =»  load  X  o  a.  At  c  it  is  = 
load  X  ca.  Make  o  v  =  greatest  moment,  join  v  a.  Then  c  c  is 
the  moment  at  any  point  c.  The  load  has  no  moment  between 
a  ami  n. 


Case  3.  Uniform  load  throughout,  Fig  34.  Greatest  moment  is  at 
o,  and  =  whole  load  X  half  on.  At  n  it  is  nothing  At  any 
point  a  it  is  =  load  on  o n  X  half  a n.  Make oe» greatest  mo- 
ment, draw  the  dotted  parabola  with  its  rertex  atn.  Then  a  e 
gives  the  moment  at  any  point  a. 

If  the  load   Is   hot  uniform  the  greatest  moment 
is  t=  whole  load  X  dist  from  o  to  its  cen  of  grav. 

Case  4.    Load  on  one  part,  Fig 

Greatest  moment  is  at  o,  and  =  load  X  dist  from  o  to  cen     ^ 


35.     , ,N 

of  grav  c  of  load.    At  any  point  t  between  the  load  and  o,  mo-     rgA 
ment  =  load  X  t  c.     At  any  point  a  in  the  load,  moment  =     Ifs  / 
load   on  oiX  dist  a  e  of  the  cen  of  grav  of  load  on  a  «    *» 
from  a. 
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Case  5.  Several  loads,  w  x  y,  Fig  36.  Find 
their  centers  of  grav  c,  a,  s.  Greatest  moment  is  at  o, 
and  =  (10  X  c  o)  +  (x  X  a  o)  +  (yX*o).  Or  first  find 
the  common  cen  of  grav  of  all  the  loads,  and  mult  its 
dist  from  o  by  the  sum  of  the  three  loads.  Between  the 
loads  the  moment  &t  g  =  yXff*;  at  e  =  (y  X  «  «)  + 
(xXae);  andat»  =  (y  X  ««)  +  (*  X  an)  +  (wXcn). 

Case  6.  One  uniform  load  and  one  local 
one,  Fig  37.  Greatest  moment  is  at  f>.  Find  that  of  the 
uniform  one  by  Case  3 ;  and  that  of  the  local  one  by  Case 
4,  and  add  them  together.    No  moment  between  a  and  n. 


o  e  a  g 

Fig.36 


BEAMS  SUPPORTED  AT  BOTH  EMDS. 
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Case  7.   Concentrated 
load    at    center,   Fig  38. 

Greatest  moment  is  at  center,  and  *s  half  load  X  half 
span.  At  the  supports  it  is  nothing.  Make  c$  =  moment 
at  center,  join  s  o,  t  a;  then  n  /  =  moment  at  any  poiut 
n.  Or  the  moment  at  any  point  n  *=  half  load  X  a  k,  a 
being  the  nearest  support. 

^  C      n     W/      Cases.  Concentrated  £ 

load  not  at  center,  Fig  ,  /n 

39.    Greatest  moment  is  at  the  loud,  and  is  =  load  X  eo  1/ 

X'l  +  io.    Make  «  *  «=  moment  at  load,  Join  *  o,  *  o; 

then  at  any  point  c  the  moment  is  e  t.    Or  at  any  point 

c,  between  load  and  o,  moment  =  load  X  a«  X  oc  -i-  oa,     ^ 

At  any  point  m,  between  load  and  a,  moment  =*  load     ,N     0     C 

Xo«X«»n-f-oa.    No  moment  at  o  or  o. 
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Case  9.    Several  concentrated  loads  x  y  z,  Fig  40.    By  Case  8  find 

^  the  greatest  moment  of  each  load  separately, 

lTiir«40  s'%  Vnv  an<*  *°r  eacn  °^  tnera  draw  its  dotted  vertical 

?      /  "VW»  and  two  inclined  lines  as  in  this  fig.    Then  for 

hy  \  the  moment  at  any  point  whatever  as  e,  measure 

the  vert  dists.  (in  this  case  e  o,  e  a,  e  c)  to  the 
sloping  lines,  and  add  them  together.  For  it 
is  plain  that  at  e  we  have  e  o  for  the  moment 
of  the  load  x  at  that  point :  e  a  for  that  of  the 
load  y ;  and  e  c  for  that  of  the  load  z ;  and  so  at 
any  other  point.  Or  make  en  =  eo  +  ea  + 
e  c ;  also  make  s  i  and  m  h  respectively  equal 
to  the  three  dists  above  s  and  to,  and  join  j  h  i 
n  k.  Then  at  any  point  along  the  beam  j  k  the 
vert  dist  to  these  upper  lines  gives  the  moment. 

Case  10.  Uniform  load  from  end  to  end,  Fig  41.  The  greatest 
.  moment  is  at  the  center  c,  and  is  =  half  load  X  quarter 
Fig. 41.  gpan.  At  any  other  point  e  moment  =  half  load  oq  eo 
X  e  a ;  or  to  half  load  on  e  a  X  «  o.  Make  c  s  =  half  load 
X  quarter  span,  and  draw  a  parabola  o  s  a,  then  at  any 
point  t  the  moment  is  =  e  t.  Or,  moment  at  any  point  ==» 
half  what  it  would  be  at  that  point  if  the  whole  load  were 
concentrated  there. 

The  shearing:  or  vertical  strain  at  the  cen- 
ter is  /.ero  or  nothing.    See  Art  11,  p  536. 

Rent.  1.  The  weight  of  the  beam  itself  is  usually  such  a  load,  but  is  frequently 
so  small  compared  with  the  load  that  in  this  and  other  cases  it  may  be  neglected. 

Rem.  2.  In  the  case  of  a  uniformly  distributed  load  like  that  in  figure  12,  page 
535,  the  greatest  moment  of  rupture  that  can  occur  at  any  given  point  on  the  span  is  when 
the  load  covers  the  span  from  end  to  end ;  and  in  beams  or  trusses  of  uniform  depth 
the  hor  strains  At  any  given  section  are  then  also  greater  than  under  any  partial 
load ;  so  that  if  the  chords  are  then  strong  enough  in  every  part,  they  will  be  strong 
enough  for  any  partial  load ;  which  is  not  the  case  with  web  members ;  any  one  of 
which  is  most  strained  when  the  longest  segment  reaching  to  it  is  loaded.   See  p  536. 

Case  11.    Uniform  load  from  a  support  to  part  way  across, 

Fig  42.    Find  the  cen  of  grav  g  of  the  load,  and  by  p  481  what  portion  of  it  rests 

._       on  each  support  o  and  x.  Then  by  General  Rule,  p  481 
-tig".  4S5.      tne  mom  at  o  or  x  =■  nothing.    At  n  or  at  any  point  a  be- 


J%33S$K%SSftE%t tween  n  and  x  it  is  =  portion  or  reaction  at  x  X  *  »  (or 

jj^.    i    i    i     i    i  y-pfe>     *  a  as  the  case  may  be).    At  any  point  c  between  n  and 
&0°c  [f  t   n  a****"     o  moment  is  =  reaction  at  a;  X  *  c  —  (load  on  c  n  X 

half  c  n)  or  to  reaction  at  o  X  o  c  —  (load  on  o  c  X  half 
o  c).    This  plainly  applies  to  unequal  loads  also.f 

To  find  the  place  of  greatest  moment  t  if  the  load  is  uni- 

*igr*  4*    form  g^  gg  twice  xomoimoini.    When  the  load  covers 

bMUS^  the  whole  beam  it  becomes  Case  10. 

^  „.„ ^        Case  1*.    Uniform  load  reaching  to  neither 

support,  Fig.  43.    From  either  support  proceed  as  from 
x  in  Fig  42,  exeept  as  to  greatest  moment,  which  find  by  trial.* 

~ 1 —  i  ■ 

•  On  this  sabjeat  Me  "  Hunter's  Strains  in  Girders/'  to  which  the  writer  Is  ohieflj  indebted  for  the 


t  Kxeept  that  then  the  diet  from  tb«  given  point  c  to  the  cen  or  grav  of  the  part-load  co  or  on  In 
not  necessarily  equal  to  half  o  o  or  hair  c  n ;  and  if  not,  said  dist  must  be  used  instead  of  said  half 
e  o  or  half  e  n. 
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The  moment  of  rupture  at  any  point  £  in  a  bent  piece  R  with  a  load 
upon  or  suspended  from  c,  is  equal  to  the  load  X  Its  leverage  1 1,  perp  to  c  w. 

This  moment  tends  to  break 
the  piece  R  at  its  cross  section 
at  t  by  tearing  apart  the  fibres 
to  the  right  of  its  neutral  axis, 
and  by  compressing  those  to 
the  left  of  it ;  and  to  this  mo- 
ment the  piece  R  opposes  the 
moment  of  resistance  of  that 
section  as  in  the  case  of  a  beam. 
In  an  arched  piece  as 
S  loaded  at  any  one  point  o, 
draw  on,om,  also  o  w  vertical  and  equal  by  scale  to  the  load,  and  complete  the 
parallelogram  o  ewe  of  forces.  Then  will  o  e  and  o  c  by  the  same  scale  give  two 
forces  into  which  the  load  is  resolved,  and  acting. in  the  directions  om,on,  much 
as  the  two  strings  of  two  bows  oan,oum.  The  force  o  e  tends  to  break  the  bow 
oumat  any  section  u  with  a  moment  =  the  force  X  its  leverage u v drawn  from 
the  point,  and  perp  toom;  and  the  force  o  e  tends  to  break  o  a  n  at  any  point  in 
the  same  way  with  its  leverage.  The  section  at  u  or  elsewhere  resists  as  in  R. 
The  weights  of  the  pieces  R  and  S  themselves  have  not  been  taken  into  con- 
sideration. 


RESISTANCE  OF   BEAMS. 

Having  the  moment  of  rupture  of  the  load,  it  is  necessary  to  know  whether 
the  Moment  of  Resistance,  or  simply  the  Resistance,  of  the  beam  is 
sufficient  to  withstand  it. 

The  foregoing1  instructions  for  finding  moments  of  rupture  apply  to 
horizontal  beams  of  any  form  of  cross-section,  and  whether  said 
cross-section  is  solid,  as  in  a  common  wooden  beam ;  or  open,  as  in  a  bridge-trass; 
or  whether,  as  in  the  rolled  I  beam  or  plate  girder,  the  web  is  solid,  but  of  small 
cross-section  as  compared  with  that  of  the  flanges. 

But  in  treating  of  the  action  of  the  beam  in  resisting  this  moment 
of  rupture,  we  shall  first  consider  only  those  beams  in  which  each 
fibre,  throughout  the  entire  cross-section,  is  to  be  regarded  as  opposing  the 
moment  of  rapture  by  a  horizontal  or  longitudinal  resist- 
ance. This  is  always  the  case  in  beams  of  solid  rectangular, cylindrical,  oval, 
Ac,  cross-section ;  and  (strictly  speaking)  in  those  with  thin  solid  webs,  as  I  beams 
and  plate  girders ;  but  in  plate  girders  it  is  usual,  on  the  score  of  safety  and  in  view 
of  the  small  cross-section  of  the  web,  to  neglect  its  share  of  the  resistance,  and 
thus  to  regard  the  girder  in  the  same  light  as  aimes,  or  "opes  beam."  For  the 
manner  of  resistance  of  such  beams,  see  pp  528,  Ac. 
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THEORY  OF  RESISTANCE  OF  CLOSED  REAMS. 

Scientists  give  the  following,  which,  however,  often  differs  from  experiment  in 
beams  of  composite  crosH-section,  such  as  I  beams,  Ac.    8ee  example,  p  489. 

In  a  Closed  beam,  Fig  2,  p  479,  each  of  the  fibres  throughout  the  entire 
depth  of  the  yielding  section  ine  opposes  the  breaking  moment  of  the  load  by  a 
Resisting  Moment  or  Moment  of  Resistance  of  its  own.  As  the  breaking 
moment  about  n  of  the  load  is  made  up  of  its  gravity-force  or  weight  mult  by  its 
leverage  or  perp  distance  ne  from  the  fulcrum  or  neutral  ax  «,  so  the  resisting 
moment  about  n  of  each  separate  fibre,  say  for  instance  the  one  at  i,  is  made  up  of 
its  natural  longitudinal  resisting  force  or  strength  mult  by  its  leverage  or  perp  dis- 
tance ni  above  or  below  the  same  fulcrum  n;  and  the  sum  of  all  these  separate 
moments  is  the  moment  of  resistance  of  the  cross-section,  ine,  of  the 
beam.  A  line,  passing  through  this  fulcrum,  transversely  of  the  beam,  and  at  right 
angles  to  the  action  of  the  breaking  force,  is  called  the  neutral  axis  of  the 
given  cross-section. 

The  longitudinal  resisting  force  or  strength,  in  pounds  per  square  inch,  of  those 
fibres  which  art  farthest  from  the  neutral  axis,  is  equal  to  the  ultimate  tensile  or 
compressive  strength  of  the  material  in  pounds  per  square  inch,  plus  the  assistance 
in  lbs  per  square  inch,  which  they  receive  from  their  natural  adhesion  to  each 
other.  This  adhesion  resists  the  longitudinal  sliding  of  the  fibres  upon  each  other, 
without  which  the  beam  cannot  break.  This  total  resistance,  in  pounds  per  square 
inch,  of  the  fibres  farthest  from  the  neutral  axis,  is  called  the  Coefficient  of 
Resistance  (frequently,  but  less  aptly,  the  '*  coefficient,  constant,  or  modu- 
lus, of  rupture")  of  the  material  of  which  the  beam  consists,  and  is  usually 
denoted  by^C."  It  is  shown  (page  489)  to  be  =  18  times  the  center  breaking 
load,  in  pounds,  of  a  beam  of  the  given  material,  1  Inch  square  X 1  foot  •Pan  •  •» 
given  in  the  table,  page  493. 

The  other  fibres  of  the  beam  are  of  course  capable  of  exerting  a  resistance  equal  to 
that  of  the  farthest  fibres;  but,  owing  to  their  less  distance  from  the  neutral  axis, 
they  are  less  stretched  or  compressed,  when  the  beam  yields.  They  are  therefore 
unable  to  put  forth  their  entire  resisting  power.  The  length,  through  which  any 
fibre  in  a  bending  beam  is  stretched  or  compressed  (t «,  the  extent  to  which  it  is 
lengthened  or  shortened),  is  plainly  (Fig  2,  p  479,)  proportional  to  its  perpendicular 
distance  from  the  neutral  axis ;  and,  inasmuch  as  the  longitudinal  resistance  which 
it  actually  exerts  is  proportional  to  the  lengthening  or  shortening  of  it,  it  follows  that 

Perp  diet  from        Perp  dist  from       Coefficient  of  resistance  Longitudinal  re- 

neutral  axis  to   .  neutral  axis  to  . ,  (or  longitudinal    resist-  .  sistance  of  said 

fartJtest  fibre.      •  any  given  fibre  •  •  ance  of  farthest  fibre)  in  •  given  fibre,  in  lbs 

lbs  per  sq  in  per  sq  in 

or         t:t'::C:f; 
therefore, 

Longitudinal  resist-  Coefficient  of      v    Dist  from  neutral 

ance  of  given  fibre,    =»        resistance        *    axis  to  given  fibre 
in  lbs  per  sq  in  Dist  from  neutral  axis  to  farthest  fibre. 

or       /  = 


and 


l 

Longitudinal  resistance  ^  Its  longitudinal  resist-  v  Its  area 
of  given  fibre,  in  lbs      %~    ance  in  lbs  per  sq  in    *  insq  ins 

(F-/s) 

Coefficient  of  *,  Dist  from  neutral  v      Area  of 
resistance      *  axis  to  given  fibre  *  given  fibre 

Dist  from  neutral  axis  to  farthest  fibre 

_       Ct'a 
or       F  —  — - — 
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The  moment  with  which  a  given  fibre  resists  the  rupture  of  the  beam  is  plainly 

=  Its  longitudinal  resistance  X  Its  pern  dist  from  the  neutral  axis 

or        r  =  F  V 

Coefficient  of  v  Dist  from  neutral  v     Area  of 
resistance      *  axis  to  given  fibre  x  pi ven  fibre  '     Dl8t  from  neutral 

"  Dist  from  neutral  axis  to  farthest  fibre  X  "^  to  giTen  flbw 

Of  a  ,. 


or 


r=s 


< 


Coefficient  of   resistance  Area  of  Square  of  dist  from  neu- 

Dist  from  neutral  axis  to  X  «iTen  fibro  X  tral  axIs  to  Siven  fibre 


farthest  fibre 
or 


r  =  —  tf*  a 

« 


It  follows  from  the  above  that  the  strengths  of  solid  or  "  closed''''  beams  are  as  the 
tquares  of  their  depths;  although  in  "open"  beams,  page  528,  Ac,  it  is  simply  as  the 
depths. 

The  Moment  of  Resistance  of  the  entire  cross-section  of  the  beam  is 


Coefficient  of  resistance 


Dist  from  neutral  axis 
farthest  fibre 

or,B=4" 


ce        rrne  mm  of  /Area         Square  of   vl 

^  x   I  the  products  for  J-  of  (of  the  X  its  dist  from  I  I 
LaM  the  fibres      J         \fibre         neutral  axis' J 

v.  /sum,  for  all)                                C    T 
X   \    the  fibres     }  of  «*  a  ;  or,  R —I 


Figr.14^. 


This  sum,  or  «' 1,"  is,  for  convenience,  called  the  Moment  Of  Inertia  of 

the  cross-section  of  the  beam  about  its  neutral  axis  G  G.  For  beams  of  rectangular 
cross-section,  such  as  Figs  p  487,  it  may  be  found  by  the  rules  on  that  page.  For 
irregular  sections,  as  Fig  14%  above,  it  cannot  be  found  by  ordinary  arithmetic,  but 
an  approximation,  sufficiently  close  for  all  practical  purposes,  may  readily  be  made 
thus:  Both  above  and  below  G  G,  and  parallel  to  it,  draw  lines  jk,  I m,  Ac,  dividing 
the  section  into  narrow  strips.  If  these  lines  are  equidistant,  the  subsequent  calcu- 
lations will  in  some  cases  be  easier;  but  otherwise  it  is  immaterial  whether  they 
are  so  or  not.  If  they  are  drawn  no  closer  together,  proportionally  to  the  site  of  the. 
.figure,  than  in  Fig  14^,  the  approximation  will  be  near  enough  for  practical  pur- 
poses. The  closer  they  are  the  more  accurate  will  be  the  result ;  but  however  close 
they  may  be,  it  will  always  be  a  trifle  too  small.  Begin  by  finding  the  area  in  sq  ins, 
of  the  first  strip  x  xj  k,  below  G  G.  Mult  this  area  by  the  square  of  the  dist  Or  to 
the  cen  of  grav  of  the  strip.  Then  proceed  to  the  next  strip.;  k  I  m;  find  its  area; 
and  mult  it  by  the  square  of  the  dist  n  a  to  its  cen  of  gr  s.  So  with  each  strip  below 
G  G.  Add  all  the  prods  together.  If  the  section  has  the  same  shape,  size,  and  posi- 
tion above  G  G  as  below  it,  (as  would  be  the  case  with  a  square,  I  beam,  or  circle,) 
mult  their  sum  by  2.  The  prod  will  be  the  reqd  moment.  But  if,  as  in  Fig  14%,  the 
section  above  G  G  differs  from  the  portion  below  it,  we  must  div  it  also  into  strips, 
and  proceed  as  with  the  lower  part.  The  sum  of  all  the  products  on  both  sides  of 
the  neutral  axis  will  then  be  the  moment  of  inertia. 
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The  position  of  the  nor  nentral  axis  G  G,  may  be  found  by  cutting 
out  a  correct  figure,  4  or  5  ins  long,  of  the  section,  drawn  on  thick  paper  or  tin,  and 
balanciug  it  over  a  straight  edge.  The  line  at  which  it  balances  is  G  G.  When  this 
has  been  done,  the  dat  op,  in  ins,  to  the  farthest  fibre,  (which  may  be  either  above 
or  below  G  G,  according  to  the  shape  of  the  Fig,)  can  be  measured  in  ins. 

The  true  moment  ^  The  approz  moment    ,    The  moment  of  inertia  of  each  strip 
of  inertia        **       found  as  above        "*"  Imnp,  Ac,  about  its  own  neutral  axis 

the  neutral  axis  of  each  strip  to  be  taken  parallel  to  that  of  the  whole  figure. 
Or  (which  amounts  to  the  same  thing) 

The  momept  of  inertia  of  The  sum  of  the  moments  of 
the  whole  figure  about  ■=  inertia  of  the  several  strips 
any  given  neutral  axis         about  the  same  nentral  axis* 


in  which 

Moment  of  inertia  of 
each  strip  about  the  neu- 
tral axis  of  the  whale  fig 


Its  moment  of  in- 
ertia about  its  own 
neutral   axis 


+ 


/Its 
(area 


Dist*  from  neu-\ 

X  tral  axis  of  fig  1 

to  that  of  strip  / 


This  affords  a  convenient  method  of  finding  the  moment  for  figures,  like  these  be- 
low, made  up  of  rectangles ;  the  momeut  of  each  rectangle  about  its  own  neutral  axis 
being  —  its  breath  X  its  depth'  -±-  12. 

From  the  above  it  follows  that  in  any  hollow  figure,  as  A,  B,  D  or  G,  p  495, 
or  in  figs  1  to  5  below 

*  b        The  moment  of  in-       ,Mom  <><><*  *•  «J-  Mom  of  in  of 

ertia  about  any     -  fa"fl?  (^eluding  the  _     the  miss ing 
given  neutral  axis         missing  parts)  about       parte  about  the 


the  same  axis 


same  axis 


Thus 


Mom  of  in  of 

channel  abed 

efg  k  about  G  G 


Mom  of  in  of  Mom  of  in  of 

rectangle  abgh  —  rectangle  cdef 

about  GG  about  GG 


The  moment  of  iuertia  is  plaiuly  independent  of  the  material  of  which  the  beam 
consists,  of  the  span,  and  of  the  manner  in  which  the  beam  is  supported  or  loaded; 
and  is  the  same  for  all  beams  of  a  given  cross-section.  It  follows  from  the  foregoing 
that  it  is  proportional  to  the  cube  of  the  depth  of  the  beam. 

Moments  of*  Inertia  of  a  few  well-known  figs  are  given  below.  Those  of 
similar  figs  are  to  each  other  as  their  breadths  X  cube's  of  depths. 

Square.    (Fourth  power  of  side)  •+■ 12,  whether  any  side  or  diagonal  is  vert. 

Parallelogram,  rectangular  or  otherwise ;  neutral  axis  parallel  to  either  two 
of  the  aides.  Breadth  X  (cube  of  depth)  -*-  VI.  The  breadth  must  be  measured 
parallel  to  the  nentral  axis;  and  the  depth  at  right  angles  to  it. 

Hollow  square  or  rectangle.    [(B  x  D8)  —  (b  x  d*)l  +  12.* 

Clrele.    Bad*  X  .7854.    Semicircle.    Bad*  x  -1098. 

Rlns;.    (Outer  raiH  —  Inner  rad*)  X  -7854. 

Ellipse.    Long  diani  vert.    Half  short  diam  X  (half  long  diam)8  X  -7854. 

Elliptic  rlns;.  Long  diara  vert.  Let  L,  S,  I, «,  be  half  the  long  and  half 
the  short  diams.    Then  [(S  XW-M  P)]  X  .7854. 

Triangle.  Base  X  Perp  llt»  -=-  36.  The  base  is  that  side  which  is  parallel  tv 
the  neutral  axis.    This  does  not  apply  to  hollow  triangles. 


TV 
d 


d 


"£_3v<*' 


ItF*" 


Flo  I. 


Fl0  2. 


Fio  3. 


««> 


d 


&' 

V 


—V- 


if  C  3V 


<    ft*   > 
Pl0  4. 


6' 
Fio  6. 


1.    (B.D»  —  2  b.cP)  -s- 12.      2.    (B.D*  +  2  od»)  h  12.     3  and  4.    [b.d*  +  b'.d* 
—  it/  —  b)  <*"*]  -s-  3.     5.  [b.d*  —  (5  —  k).(d  —  c)»  +  o'.d'8  —  (&'  —  *).(<*>  -  C)3]  -s-  3. 


*  B  mod  b  are  respectively  tbe  outer  and  Inner  dimensions  parallel  to  the  neutral  axis,  whether 
•aid  axU  be  lengthwise  or  crosswise  of  the  figure.  D  and  d  are  the  outer  and  inner  dimensions  jper. 
ptmdkmlar  to  tho  neutral  axis. 
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From  the  last  formula  on  page  486,  we  have 

Coefficient  of  Resistance 
^foment  of  Resistance  =*  Dist  from  neutral  axis  to  X  Moment  of  inertia 

farthest  fibre 


(— ?') 


For  beams  of  square  or  rectangular  cross-section,  thia  be- 
comes 

__  -,  Coefficient  of  v,  Area  of  cross-sec*  v  depth 
Moment  or  Resistance  *  tion  in  sq  ins  *  in  ins 
Resistance  — s - 

o 


(•  =  c-4-*) 


6 

In  rolled  I  beams,  the  moment  of  resistance  is  approximately  found  thus; 
all  the  dimensions  in  inches. 

Moment  -  /Area  of  cross-  %  area  ofv  Depth  Elastic  limit  of 
of  resist-  =  I  section  of  one  +  cross-section  1  X  of  X  iron  in  lbs  per  sq 
anee  \flange  of  web  /         beam        inch 

the  area  of  web  being  =  its  thickness  X  extreme  depth  of  beam ;  and  the  area  of 
one  flange  being  =  (area  of  whole  beam  —  area  of  web)  -*-  2.  For  average  rolled 
iron,  the  elastic  limit  may  be  taken  at  22400  lbs  or  10  tons;  or  about  half  the  ulti- 
mate tensile  strength. 

When  a  beam  is  upon  the  point  of  failing,  its 

Moment  of  rupture  is  —  its  moment  of  resistance. 
In  other  words 

Co-efficient  of  resistance 
Load  in  lbs  X  sp&P  *p  fag  in  lbs  per  sq  in  Moment  of 

m  Dist  from  neutraTaxis  to       inertia,  ins 

farthest  fibre,  ins 

(— '-t0 

\  to  i      ' 

Here  m  is,  according  to  circumstances,  1, 2,  4,  8,  Ac,  aa  follows; 

When  the  beam  is  firmly  fixed         at  one  end,  and  loaded  at  the  other,  n*  *    1 

"  "  "  M  uniformly,  m  —    2 

"  **     merely  supported  at  both  ends      "  at  the  center,  m  -■>    4 

"  **  "  "  **  uniformly,  m  —    8 

"  "     firmly  fixed*  u  "  at  the  center,  m  =«    8 

"  "  "  «  4  uniformly,  m  »  12 

Therefore, 
Total  breaking;  Moment  of  inertia  X  Co-efficient  of  resistance  X  •» 

load  in  lbs         ~  Kst  in  ins  from  neutral  axis  to  farthest  fibre  X  spanTnlni 

.    or  w — tr 

For  the  neat,  or  extraneous,  breaking  load ;  if  uniformly  loaded  deduct  the  weight 
of  the  beam  itself.  If  supported  at  both  ends  and  loaded  at  the  center,  or  if  fixed  at 
one  end  and  loaded  at  the  other,  deduct  hatf  the  wt  of  the  beam. 


*  An  end  of  a  beam  is  said  to  be  "  fixed  "  when  it  is  so  confined  (as,  for  in- 
stance, by  being  built  into  a  wall)  that  it  cannot  share  in  the  binding  of  the  rest 
of  the  beam,  but  remains  in  the  same  shape  and  position  as  before  the  bending 
took  place. 
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Oti  page  493  is  a  table  of  center  breaking  loads  in  pounds,  for  beams  1  inch  square, 
and  of  1  foot  span,  supported  at  both  ends.    In  such  beams 

Depth8  X  Breadth        1 


Moment  of  inertia 


12  12 


m  (p  488)  is  4;  the  dist  in  ins  from  the  neutral  axis  to  the  farthest  fibre  is  %;  and 
the  span  in  inches  is  12.    The  last  formula  on  page  488  becomes,  in  such  cases, 

Total  center  break-  =  Coefficient  of  resistance  X  A  X  *  __  Coefficient  of  resistance 
tag  load  in  lbs  |  X  12  18 

(w-r8    °-18W) 

or,  in  other  words, 

Coefficient  of  18  times  the  center  breaking  load  of  a  beam 
resistaiiee  of  any  =»  of  the  given  material,  1  inch  square,  1  foot 
given  material  span,  supported  at  both  ends 

We  thus  see  that  the  foregoing  theory  is  identical,  in  principle,  with  the  practical 
method  for  beams  of  solid  cross-section,  given  on  pages  491,  Ac.  For  beams  of  com- 
posite cross-section,  such  as  hollow  beams,  I  beams,  Ac,  the  theory,  as  already 
remarked,  gives  results  differing  from  those  of  experiment.    Thus : 

What  is  the  center  breaking  load  of  a  solid  cast-iron  beam  4  ins  square,  and  6  ft, 
or  72  ins,  clear  span,  supported  at  both  ends? 

ly  is         4  V  64  25(5 

Here  the  moment  of  inertia  is     Is       =     ^       =.  ±-L  =  21.338.    The  coeff 

\-i  \A  XU 

of  resistance,  or  18  times  our  constant  for  cast-iron  on  p  403,  is  2025  X  18  = 
36450.    Since  the  beam  is  supported  at  both  ends,  and  loaded  at  the  middle,  to  is  4. 
The  dist  o  g  of  the  farthest  fibre  from  the  neutral  axis  must  in  a  square  be  equal  to 
%  of  one  side ;  consequently  it  is  here  2  ins.    The  clear  span  is  72  ins.    Hence, 
Break*       Mom  of  In  X  Coeff  of  re«X»         21.333  X  86450  X  4      3110352  __  _ 

l«*i   =  Dist  o  g  of  farthest  flbre  X  span  =  2~X~72  =  "1S~  -  21000  lbs  -  9.64  tons. 

By  our  table,  p  502,  a  beam  of  average  cast-iron,  4  ins  deep,  1  inch  broad,  and  6  ft 
span,  breaks  with  2.41  tons;  consequently,  four  such,  or  one  4  ins  square,  would 
break  with  2.41  X  4  =  9.64  tons;  thus  confirming  the  accuracy  of  the  foregoing. 
Applied  in  the  same  way  to  solid  cylinders,  the  result  corresponds  equally  well  with 
experiment  and  with  our  table  on  p  503. 

Bat  for  Mr  Clark's  hollow  squares,  p  516,  the  formula  gives  3.06  tons  in- 
stead of  the  actual  2.15 ;  and  for  his  hollow  cylinders  2.980  instead  of  2.287.  A 
true  Xlodgfciiisoii  beam,  p  518,  with  top  flange  of  1  by  3  ins,  bottom  flange 
1.5  by  12  ins,  vert  web  .75  inch  thick,  total  depth  15  ins,  clear  span  20  ft,  has  a 
moment  of  inertia  of  780;  dist  from  neutral  axis  to  upper  fibre  10.7  ins,  and  to  the 
lowest  one  4.3  ins.  By  Hodgkinson  it  would  yield  at  the  lower)  flange,  and  by  his 
rule  with  a  center  load  of  29.24  tons.  By  the  formula  it  would  be  19.8  tons.  Beam 
I,  p  520,  actually  broke  with  about  52  tons;  by  the  formula  it  would  be  40. 

The  Coeff  of  resistance  for  average  rolled  iron  is  about  45000  lbs  or  say 
20  tons  per  sq  inch.  Cast-iron  36000  lbs  or  16  tons.  Good  straight-grained,  well- 
seasoned  white  pine  or  spruce  8100  lbs  or  3.6  tons;  yellow  pine  9000  or  4 ;  good  oaks 
10000  or  nearly  4.5.  But  as  large  beams  are  liable  to  defects  and  imperfect  season- 
ing, not  more  than  about  two-thirds  of  these  constants  should  be  used  in  practice. 
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Comparison  between  models  and  actual  structures.    Many 

practical  men  imagine  that  if  a  model  is  strong,  an  actual  bridge,  roof,  Ac,  con- 
structed with  precisely  the  same  proportions,  must  be  equally  strong  in  propor- 
tion to  its  size.  This  arises  from  their  ignorance  of  the  fact  that  the  siren  gib 
of  similar  beams,  trusses,  Ac,  increases  only  in  proportion  to  the  squares  of  their 
spans ;  while  their  weight  increases  as  the  enbes  of  the  spans;  so  that  a  model 
5  or  10  ft  long  may  show  a  great  surplus  of  strength ;  while  the  roof  or  bridge  of  SO 
or  100  ft  span,  constructed  Tike  it  in  every  respect,  may  break  down  under  its  own 
weight. 

We  may  compare  the  two  in  the  following  manner:  Let  us  suppose  a  model  4  feet 
long  of  a  bridge  truss,  its  wt  6  lbs,  and  the  extraneous  center  load  reqd  to  break  it 
120  lbs,  or  20  times  its  own  wt.  Then  its  entire  center  breakg  load,  including  half 
its  own  wt,  is  120  +  3  =  12S  lbs.  Now  suppose  we  are  going  to  build  a  bridge  truss 
of  200  ft,  or  50  times  the  span  of  the  model.  The  strength  of  the  truss  will  be  60*, 
or  2500  times  that  of  the  model;  that  is,  it  will  require  for  its  epttre  center  breakg 
load,  50»  X  123  =  2500  X  123  =-307500  lbs.  Its  wt,  however,  will  be  50s,  or  125000 
times  that  of  the  model,  or  125000  X  «  =  750000  lbs ;  and  one-half  of  this  weight,  or 
375000  lbs,  must  be  deducted  from  its  entire  center  strength,  in  order  to  find  its  ex- 
traneous  center  load.  Bat  in  this  case  the  half  weight  is  greater  than  the  entire 
center  strength;  consequently  the  truss  would  break  under  its  own  wt.  If,  instead 
of  a  center  load  in  the  model,  we  had  broken  it  by  an  equally  distributed  one,  the 
calculation  would  plainly  be  the  same,  except  that  in  the  model  the  entire  weight, 
instead  of  %  of  it,  would  be  added  to  the  extraneous  load  for  the  entire  distributed 
breakg  load;  and  in  the  truss,  its  whole  weight  must  be  deducted  from  its  breaking 
strength,  to  get  the  extraneous  distributed  load. 

If  the  break  Ins;  load  of  a  model  la  2,  3  or  4,  Ac,  times  as  great  as  its 
weight,  then  a  similar  structure  2, 3  or  4,  Ac,  times  as  large  in  every  particular  yriU 
break  under  its  own  weight. 
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PRACTICAL  METHODS  FOR  FIHDIBTO  STRENGTHS  OF 

BEAMS. 


•    To   fin«l   constants.     In 

beams  of  the  same  material,  and 
exactly    alike,    except    in    their      Fijr.  4. 

breadths,  n  d,  the  strengths  vary  ~=^t\  /*% 

in  the  same  proportion  as  those  --  |  ^M 

breadths ;  that  is,  if  one  is  2,  3,  or  ^"^ 

10  times  broader  than  the  other,  its  strength  will  be  2,  3,  or  10  times  as  great.  If 
they  are  alike,  except  in  their  clear  lengths  or  spans,  a  a,  between  the  points  of  sup- 
port, their  strengths  will  be  inversely  as  those  lengths ;  that  is,  if  one  is  2,  3,  or  10 
times  longer  than  the  other,  it  will  be  bat  %  %  or  -fe  part  as  strong.    If  they  are 

alike,  except  in  point  of  depth,  o  rf,  measured  vert,  their  strengths  will  be  directly  as 
the  squares  of  their  depths ;  that  is,  if  one  is  2,  3,  or  10  times  as  deep  as  the  other, 
it  will  also  be  4,  9,  or  MX)  times  as  strong ;  or  in  other  words,  will  require  4,  &,  or  100 
times  as  great  a  load  to  break  it.  See  Art.  11.  It  must  be  remembered  that  we  are 
now  speaking  only  of  strength,  or  resistance  to  breaking ;  and  not  of  stiffness,  or  resist* 
ance  to  bending,  or  deflecting.  Stiffness  follows  laws  very  cliff  front 
those  of  strength.    See  Art  26,  &c. 

Now,  if  we  combine  all  the  three  foregoing  elements  of  size,  namely,  length, 
breadth,  and  depth,  we  hare  the  fact,  that  the  strength  of  any  beam,  of  any  size,  of 
....  breadth  X  the  square  of  its  depth.  Im, 

any  given  material,  is  in  proportion  to  its : — ; — — There* 

its  length 

fore,  if  we  find  by  actual  trial,  what  center  load  will  break  any  beam  of  known  size ; 

breadth  X  *Kl  of  depth 

and  then  find  what  is  the  proportion  between  its r~_iz 1  *°d  its 

length 

breakg  load,  said  proportion  (or,  more  strictly  speaking,  ratio)  will  also  be  that 

which  any  similar  beam  has  to  it*  breakg  load,  and  will  therefore  serve  to  calcu* 

late  the  breakg  load  of  any  other  similar  beam  of  the  same  material.    For  instance, 

if  we  take  any  piece  of  average  good  white  pine,  say  6  ins  broad,  10  ins  deep,  and  12 

.......     breadth  X  sq  of  its  depth  ,  ,       6  X  100      rA 

feet  clear  span,  we  find  that  its — is  equal  to — — =*  50. 

length  I* 

And  if  we  gradually  load  this  at  its  center  until  it  breaks,  we  shall  find  that  the 
breakg  load,  including  half  the  wt  of  the  clear  span  of  the  beam  itself,  amounts  to 

breadth  y  sq  of  depth 
22500  lbs.    Therefore,  the  proportion  between  the    in  ins    A    in  ins  and  the 

length  in  feet 
breakg  load,  is  as  60  to  22500 ;  which  is  the  same  as  1  to  450 ;  that  is,  the  breakg 
load    of  the  beam,  including  half  its  own  weight,  may  be  found  by  mult  its 
breadth  y  sq  of  depth 

•n  *nsi *p  •P8         by  450.    And  in  this  same  manner  may  be  found  the  total 

length  in  feet 
center  breakg  load  of  any  rectangular  beam  of  average  quality  of  white  pine.  For 
the  neat  load  one-half  the  wt  of  the  clear  span  must  be  deducted.  It  is  self-evident 
that  the  weight  of  the  beam  assists  to  break  it,  as  well  as  the  neat  load ;  and  the 
extent  to  which  it  does  so,  is  the  same  as  if  one-half  of  its  unsupported  wt  were 
concentrated  at  its  center.  Hence  the  rule.  On  this  principle  the  rule  in  Art  12  is 
based.  The  ratio  thus  found  for  any  material,  is  called  its  coef  for  ceil 
breaks?  load*,  or  its  constant  for  the  same,  as  it  does  not  vary  with  the 
size  of  the  beam.    If  we  take  a  piece,  all  of  whose  dimensions  are  1,  as  -1 

breadth  y  sq  of  depth 
inch  wide,  1  inch  deep  and  1  ft  span;  then  the   in  ins  •*       in  Ins     will  be 

1  X  sq  of  1  length  in  feet  ' 

j- ■=  1  j  and  the  breakg  load  (including  half  its  own  weight)  of  such  a  piece 

is,  at  once,  the  constant  reqd.    See  Remarks  1  to  4.    In  an  average  piece  of  white 

J >ine,  this  load  will  be  found  to  be  about  450  lbs ;  or  the  same  as  the  constant  obtained 
rom  the  large  beam.    So  the  student  may  find  them  for  himself; 
and  if  he  uses  materials  not  included  in  our  table,  Art  10,  it  will  be  well  to  supply 
the  deficiency,  by  inserting  his  own  results. 
The  foregoing  directions  for  finding  coefficients  may  be  more  briefly  expressed 
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by  a  formula.    After  finding  the  neat  center  brtakg  load,  by  experiment,  add  to  ft 
one-half  the  wt  of  the  clear  span  of  the  beam,  for  a  total  center  load ;  then  the 


Span     y        Total  load 
Coef  for  breakg )    _  in  feet   x  in  lbs 

strength  J        Breadth  v  Square  of  depth 

in  ins    *         in  inches. 


Ill  a  cylinder,  as  the  breadth  and  the  depth  are  each  equal  to  the  diam, 
it  is  plain  that  B  X  D8,  amounts  to  the  same  thing  as  diam* ;  and  it  is  always  ao 
expressed. 

Rem.  1.  The  variation  in  strength  of  equal  beams  of  the  same  material  is  so  great, 
that  it  is  necessary  to  experiment  with  several  pieces,  in  order  to  find  an  average  for 
a  constant.  The  loads  given  in  the  preceding  tables  are  also  constants,  but  for  crush- 
ing and  tension.  They  are  averages  of  the  strengths  of  the  materials,  derived  from 
experiment.  The  actual  strength  of  any  particular  specimen,  if  of  superior  quality, 
may  be  considerably  greater  than  the  average ;  or  on  the  other  band,  if  of  very  poor 
quality,  it  may  fall  as  much  below  it.  We  should  always  keep  this  iu  mind  when 
referring  to  any  table  of  constants ;  and  if  we  have  doubts  as  to  the  quality  of  the 
piece  of  material  which  we  are  about  to  employ,  we  should  make  a  corresponding 
deduction  from  the  constant  in  the  table. 

Rem.  2.  If,  instead  of  pine,  we  had  experimented  with  oak,  iron,  stone, 
the  process  for  finding  the  constant  would  have  been  precisely  the  same.  If  In- 
stead of  a  square  beam,  we  use  cylindrical,  or  triangular  ones,  or  any  other 
shape,  such  as  hollow  cylinders,  H,  T,  or  U  beams,  &c,  we  shall  in  the  same  way 
establish  constants  for  either  larger  or  smaller  beams  of  those  shapes,wid  of  precisely 
the  same  proportions  in  every  part.  See  Remark,  p  509.  Or  if,  instead  of  support- 
ing the  beam  at  both  ends,  we  secure  it  firmly  at  one  end,  and  load  it  at  the  other 
end  until  it  breaks,  we  shall  obtain  the  constant  for  beams  fixed  at  one  end,  and  loaded 
at  the  other,  <fcc.  Remember  that  the  constants  are  for  loads  at 
rest.  If  they  are  liable  to  jars,  jolts,  vibrations,  Ac,  a  large  margin  must  be 
left  for  safety.  Moreover,  the  constants  given  in  tables  are  generally  deduced  from 
small  specimens  free  from  important  defects ;  whereas  large  beams  of  any  kind  of 
material  usually  contain  irregularities,  which  diminish  their  strength ;  and  on  this 
account  larger  allowances  for  safety  should  be  made  as  the  dimensions  of  the  beam 
increase. 

Rem.  3.  It  Is  not  necessary  that  b  and  d  be  taken  In  ins,  and 
lengths  in  ft.  They  may  all  be  in  ins,  ft,  yds,  or  any  other  measure,  but  since  in 
every-day  practice  we  usually  speak  of  the  breadths  and  depths  of  beams  in  ins,  and 
of  their  lengths  in  ft,  it  becomes  more  convenient  so  to  consider  them.  If  other  meas- 
ures be  used,  the  constant  will  of  course  be  diff ;  but  it  will  still  be  such  that  if  the 
same  measure  be  used  for  calculating  the  strength  of  another  beam,  the  final  result 
will  be  the  same  as  before.  In  like  manner,  the  loads  may  all  be  taken  in  tons,  &c, 
instead  of  lbs ;  but  in  giving  the  rule,  it  must  be  stated  what  measures  have  been 
employed. 

Rem.  4.  There  are  peculiarities  in  some  materials,  which  les- 
sen the  reliability  of  constants  derived  from  experimenting  with  small  pieces. 
Thus,  a  large  beam  of  cast  iron  will  break  with  a  less  load  in  proportion  than  a  small 
one ;  because,  in  the  interior  of  thick  m asses  of  that  material,  more  time  to  cool  is 
required  than  in  the  outer" surfaces ;  in  consequence  of  which,  there  is  a  want  of  uni- 
formity in  the  arrangement  of  the  particles  of  iron,  and  this  conduces  to  weakness. 
All  we  can  do  in  such  cases,  is  to  exercise  judgment  and  caution  in  making  sufficient 
allowance  for  safety. 

Art.  10.  Table  of  constants  or  coefficients  for  the  quiescent 
breaking  loads  of  rectangular  beams,  supported  hori sou- 
tally  at  both  ends,  and  loaded  at  the  center;  being  the  average  qui- 
escent breaking  loads  in  lbs  (including  one-half  the  weight  of  the  beams  themselves) 
for  beams  1  inch  square,  and  1  foot  clear  length  between  the  supports.  For  safety 
in  practice,  not  more  than  about  \A  to  "%  of  these  constants  should  be  employed;  de- 
pending upon  the  importance  of  the  structure,  its  temporary  or  permanent  charac- 
ter, and  the  degree  of  vibration  to  which  it  will  be  exposed.  Thus  a  roof  will  prob- 
ably be  as  safe  at  %  as  a  bridge  at  %.  Even  with  a  perfectly  safe  load,  a  beam  may 
bend  too  much.  See  Art  06. 

If  any  of  these  coefficients  be  mult  by  .580  (or  say  .6)  it  will  give  that  for  a  cylin- 
drical beam  whose  diam  =  side  of  the  square.  Or  if  mult  by  .71  it  will  give  that 
for  a  square  beam  with  its  diagonal  vertical.  Any  of  these  constant)! 
may  vary  one-third  part  either  more  or  less.    For  any  beam, 

€en.  Breaks  _   Breadth  (ins)  X  Square  of  depth  (in»)     0olJBtn||t 
load  in  lbs.      ~"  clear  span  iu  fee t 
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One  Third  part  of  any  of  these  constants  (except  those  for  wrought 
iron  and  steel),  may  be  taken  in  ordinary  practice  as  about  the  average  constant 
for  the  greatest  center  load  within  the  elastic  limit.  The  loads 
here  given  for  wrought  iron  and  steel,  are  already  the  greatest  within  elastic  limits. 


Transverse  Strengths,  in  lbs.    See  explanation,  Art  10,  p  492. 
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Art.  11.  General  facts  respecting  tbe  breaks  loads  of  a  uni- 
form beam  of  aiiy  form  of  section.    Calling  the  breakg  load, 

When  the  beam  is  firmly  fixed  at  one  end,  and  loaded  at  the  other 1 

The.n  when  so  fixed,  and  uniformly  loaded,  it  will  be 2 

When*  merely  supported  at  both  ends,  and  loaded  at  the  center 4 

"  "  *«  "  "      and  uniformly  loaded 8 

Firmly ^Lr erf,  or  tightly  confined  at  both  ends,  and  loaded  at  the  center...  8 

"  "  "  r*  "  M     and  uniformly  loaded 12 

An  end  of  a  beam  is  said  to  be  "  fixed  "  when  it  is  so  confined  (as,  for  in- 
stance, by  being  builr  iuto  a  wall)  that  it  cannot  share  in  the  bending  of  the  rest 
of  the  beam,  but  remains  in  the  same  shape  and  position  as  before  the  bending 
took  place. 

Rem.  1.  When  one  beam  of  any  form  of  section  is  2, 3,  or  4,  Ac,  times  as  long,  broad, 
and  deep,  as  another,  its  weight  will  be  8, 27,  or  64,  Ac,  times  as  great,  or  as  the  cubes 
of  the  linear  dimensions ;  but  its  breaking  load  will  be  only  4,  9,  or  16,  &c,  times  as 
great;  that  is,  the  strengths  of  similar  beams  are  to  each  other  as  the  squarts  of 
their  respective  linear  dimensions.  But  in  these  breakg  loads  are  included  the 
weights  of  the  beams  themselves ;  one-half  of  which  must  be  deducted  when  the 
load  is  all  at  the  middle  of  the  beam ;  or  the  whole  of  it  when  equally  distributed. 
When  beams  are  of  the  moderate  dimensions  usually  employed  in  buildings,  their 
own  weight  is  usually  ho  small  in  comparison  with  their  loads,  that  at  times  it  may 
safely  be  neglected ;  but  as  they  become  longer,  since  their  weight  increases  much 
more  rapidly  than  their  strength,  it  at  last  constitutes  too  important  an  item  to  be 
overlooked;  for  the  beam  may  become  so  great  as  to  break  under  its  own  weight; 
although  proportioned  precisely  like  a  small  one  which  may  safely  bear  many  times 
its  own  weight. 

When- a  square  beam  Is  supported  on  Its  eds;e,  instead  of  on  a 

side  (or  iu  other  words  has  its  ding  vert),  it  will  bear  but  about  -fotha  as  great  a 
breakg  load. 

The  deflections  or  bending*  of  beams  (see  p  505)  are  directly  in 
proportion  to  the  load,  and  to  the  cube  of  the  length ;  and  inversely  to  the  breadth, 
and  to  the  cube  of  the  depth,  all  while  within  limits  of  elasticity. 

Rem.  2.  Caution.  Suddenly  applied  loads.  Suppose  a  load  to  be 
applied  to  a  flexible  beam  suddenly,  but  without  any  falling  or  jarring;  as,  for  in- 
stance, if  it  be  supported  by  a  cord  which  allows  it  just  to  touch  the  beam  without 
pressing  it,  and  the  cord  l>e  then  suddenly  cut  in  two.  The  deflection  of  the  beam,  in 
such  a  case,  is  theoretically  twice  as  great  as  when  the  same  load  is  applied  gradually, 
as  by  very  slowly  relaxing  the  cord,  or  by  dividing  the  weight  into  small  fragments 
and  applying  them  at  intervals,  one  by  one.  See  Art  5  (b),  p  434  /.  Hence  the 
strength  of  the  beam  is  much  more  severely  taxed  in  the  former  than  in  the  latter 
case.  A  heavy  train  coming  very  rapidly  upon  a  bridge,  presents  a  condition  inter- 
mediate between  the  two.  The  tables  of  constants  always  suppose  the  load  to  be  ap- 
plied very  gradually,  but  as  this  is  frequently  not  the  case  in  practice,  an  allowance 
must  be  made  accordingly. 

Art.  12.  To  find  the  quiescent  breaker  load  of  a  nor  square, 
or  rectangular  beam  B.  p  491,  of  any  material,  supported 
at  both  ends,  and  loadecf  at  the  centre. 

Rule.  Mult  together  the  square  of  its  depth  d  o  In  ins,  its  breadth  n  d  in  ins,  and 
the  coef  from  the  table  p.  493.  Div  the  prod  by  the  clear  length  a  a  between  the 
supports,  in  ft.  The  quot  will  be  the  reqd  breakg  load  in  lbs ;  including,  however, 
half  the  wt  of  that  portion  of  the  beam  which  lies  between  the  supports,  and  which 
must  be  deducted  in  order  to  get  the  neat  load. 

Ex.  What  will  be  the  center  breakg  load  or  a  beam  of  Connecticut  red  sandstone, 
15  ins  wide,  10  ins  deep,  and  12  ft  long  between  its  supports  ?    Here 

Depth*  v  Breadth  ^  Constant 

in  ins   *    in  ins    x  100X15X45       67600       -ttOJ.  -       4l_  .       . 

, — »■ -a  ~ — —  ,—  — -  -  s  5625  lbs;   the  breakg 

Clear  length  in  ft  12  12  '  * 

load  ieqd. 

But  we  must  deduct  one-half  the  wt  of  the  clear  length  of  the  beam.  Now  abeam 
of  red  sandstone,  of  15  ins,  by  10  ins,  by  12  ft,  contains  21600  cub  ins  —  18%  cub  ft ; 
and  a  cub  ft  of  red  sandstone  weighs  about  140  lbs ;  therefore  the  beam  weighs 
l-\6  x  140  =  1750 lbs;  one-half  of  which,  or  875  lbs,  must  be  taken  from  the  6625 
ft>*  of  breakg  load,  leaving  4750  lbs  as  the  actual  extraneous,  or  neat  breakg  load. 

Rem.  1.  If  cylindrical,  first  find  the  breakg  load  of  a  square  beam, 
of  which  each  side  is  equal  to  thediam  of  the  cylinder.  Mult  this  load  by  the  dec  .6. 
or,  more  correctly,  .580.  Hence  a  square  one  is  1.7  times  as  strong  as  a  cylindrical 
^ne. 
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If  oval*  or  elliptic,  first  find  the  load  for  a  rectangular  beam,  whose  sides 
are  respectively  equal  to  the  two  dianis,  and  mult  it  by  .6. 

If  of  wood,  and  triangular,  and  its  base  (whether  up  or  down)  hor, 
first  find  the  breakg  load  for  a  rectangular  beam,  whose  breadth  is  equal  to  the 
base;  and  its  depth  equal  to  the  perjp  height  of  the  triangle;  and  take  one-third 
of  the  result  as  an  approximation.  When  the  edge  is  down,  the  ends  must  rest  in 
triangular  notches  in  the  supports;  otherwise,  they  will  be  crushed  when  loaded. 
See  Art  16. 

For  beams  of  such  sections  as  A  to  G,  the  following  rude  rules  of 
thumb  will  often  be  preferred  to  more  intricate  ones,  being  sufficiently  approxi- 
mate for  ordinary  purposes,  and  for  any  material.    See  near  end  of  Art  33.  p  516. 

For  the  closed  Figs  A,  B,  ©,  ©,  (each  one  supposed  to  be  or  equal 
thickness  throughout,)  first  find  the  load  for  a  solid  beam  of  the  same  size  and  shape. 
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Then  find  that  of  a  beam  of  the  size  of  the  hollow  part.    Subtract  the  last  from  the 
first. 

For  C,  (its  top  and  bottom  being  of  equal  size,)  first  find  for  a  rectangular  beam 
aaaa.  Then  for  two  beams  corresponding  to  the  two  hollows  v  v.  Subtract  these 
last  from  the  first. 

For  E  or  F,  find  for  three  separate  beams  rrti  i,  t  n,and  add  them  together. 

For  angle  and  T  iron,  see  p  625. 

For  U  and  other  shapes  in  common  use,  we  may  use  the  formula,  p  488, 
or  experiment  with  a  model  made  of  the  given  material,  and  thus  find  the  necessary 
constant,  as  directed,  p  491.    See  Remark,  p  609 ;   also  Art  33,  p  616. 

For  I  beams,  see  Art  37,  and  for  Hodgltlnson  beams,  see  Art 
85. 

Bern.  2*  In  this  case  we  may  remove  %  part  of  the 
material  of  the  solid  square,  or  rectangular  beam,  without 
diminishing  its  breaking  strength,  although  it  will  bend 
more.  The  width  may  remain  uniform,  and  the  depth  be  re- 
duced either  at  top  or  bottom,  as  shown  by  the  dotted  lines 
at  *t,  Fig  5,  strictly  two  parabolas  with  bases  at  load,  but  the 
straight  ones  are  best  in  practice.  Or  the  depth  may  remain 
uniform,  and  the  breadth  be  reduced,  as  shown  by  the  dots  at 
n,  which  is  a  top  view  of  the  beam.  Theoretically,  the  dotted 
lines  in  n  might  meet  at  the  ends  of  the  beam ;  but  in  prac- 
tice this  would  not  generally  leave  sufficient  material  at  the  ends  for  tho  beam  to 
rest  upon  securely. 

Such  reductions  of  beams  are  rarely  made  when  they  are 
)f  wood;  but  in  iron  ones  much  expense  may  be  saved 
thereby. 

Rem.  3*  Load  at  one  end  of  the  beam, 
Fiff  6.  the  other  end  fixed,  imagine  the  load  to 
he  at  the  center,  and  calculate  it  by  the  foregoing  rule. 
Then  div  the  result  by  4. 

In  this  case  the  lower  side  of  the  beam  may  be  cut  away 
in  the  form  of  a  parabola,  as  shown  by  the  dots.  To  draw 
this  curve,  see  page  163.  Or  the  depth  may  be  left  uni- 
form, and  the  sides  be  cut  away,  as  shown  by  the  dots  at  t,  which  is  a  top  view. 

Art.  IS.  When  the  load  Is  equally  distributed  alonjr  the 
entire  clear  length  of  a  horizontal  beam, 
supported  at  both  ends,  as  in  Fig  7,  instead  of  be- 
ing all  applied  at  the  center,  assume  it  to  be  at  the  center, 
and  proceed  precisely  as  in  the  foregoing  rule,  Art  12. 
Then  mult  the  load  by  i.  But  in  this  case  the  wt  of  the 
entire  clear  length  of  the  beam  is  to  be  deduoted  for  the 
neat  load. 

Sx.  What  will  be  the  equally  distributed  breakg  load  of  the  beam  of  sandstone 
is  the  last  example  f    Here  the  center  breakg  load  has  already  been  found  to  be 


Figr.6. 
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5625  lbs ;  and  5C25  X  2  =  11250  lbs,  the  reqd  distributed  load.  From  this  subtract 
tho  wt  of  the  entire  12  feet  clear  length  of  beam,  or  1750  lbs ;  and  the  rem,  9500  lbs. 
is  the  neat  extraneous  breakg  load.  About  y1^  part  of  this,  or  950  lbs,  is  quite  as 
much  as  should  be  trusted  upon  so  variable  and  treacherous  a  material  as  red  sand- 
stone. 

Rem.  1.    A  beam  requires  twice  as  much  breaking  load,  equally  distributed,  as  it 

will  at  its  center.  In  this  case  the  breakg  strength  of  the 
beam  will  not  be  diminished  if  the  top  be  cut  away  in  the  form 
of  a  true  semi-ellipse,  as  shown  by  the  dots  in  Fig  7.  Or  if  the 
depth  must  bo  kept  uniform,  the  sides  may  be  trimmed  to  two 
parabolas  oco,oto>  Fig  8.  The  mode  of  drawing  these  figs 
to  any  span  and  height  will  be  found  under  "Mensuration," 
pp  150,  153;   but  in  practice  circular  segments  will  answer. 

Rem.  2.    Load  uniformly  distributed  along 

THB  ENTIRE  CLEAR  LENGTH,  y  0,   Fig  9,  OF  A  H0R  RECTANGULAR 

beam,  firmly  fiked  at  one  end  onlt,  assume  it  to  be  at  the  cen- 
ter, as  in  Art  12,  and  calculate  it  by  the  rule  in  that  Art.  Then 
div  the  result  by  2.  From  the  quot  deduct  entire  wt  of  beam 
for  neat  load. 

In  this  case,  theoretically,  we  may  cut  off  one-half  the  pro- 
jecting part  y  b  of  the  beam,  as  by  the  dotted  line  y  o,  without 
diminishing  its  breakg  strength.  -  But  in  practice  it  will  rarely 
be  advisable  to  reduce  it  to  a  mere  thin  edge  at  o.  Or  the  depth 
c  *  of  the  beam  may  be  left  uniform,  and  the  sides  be  cut  away, 
as  shown  by  the  two  semi-parabolas  actac,  at  t,  which  is  the 
top  of  the  beam.  If  ac,ac,  be  even  made  straight,  instead  of 
parabolas,  it  is  plain  that  there  would  still  be  a  considerable 
saving  of  expense,  if  the  beam  is  of  iron. 

Art.  14.    When  the  entire  breakg:  load  is  applied  at  any 
point  o,  Fig  10,  not  at  the  center ;  first  find  by  Art  12,  what  would  be 

the  center  breakg  load ;  including  half  the  weight 
of  the  beam.  Then ;  making  c  the  center  of  the 
span,  and  having  the  lengths  ao,ogtac  and  eg; 
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rests  upon  the  beam  for  a  short  distance  on  either  or  on  both  sides  of  the  point  o, 
but  only  when  it  all  rests  at  that  very  point  alone ;  if  it  does  not  the  load  may  be  in- 
creased.   See  p  483. 

Rem.  1.  As  a  given  load  approaches  either  support,  its  breaking  moment  decreases  ; 
but  its  tendency  to  shear  the  beam  between  itself  and  the  nearest  'support  tncrecues. 
See  Rem,  p  533. 

Rem.  2.  This  beam  will  bear  to  be  reduced,  as  at  m  or  n.  Fig  5 ;  except,  that  in- 
stead of  reducing  from  its  center,  as  in  Fig  5,  we  must  do  so  from  where  the  load  is 
applied. 

Art.  15.  When  the  beam,  instead  of 
being  nor,  is  inclined,  as  in  Fig  11,  in 

any  of  the  foregoing  cases,  the  hor  dist  o  y  must 
be  taken  as  its  span,  instead  of  the  actual  clear 
length  o  c ;  and  *  o,  «  y  instead  of  a  o  and  a  c.  Thin 
applies  also  to  beams  fixed  at  one  end,  and  whether 
the  inclination  is  upward  or  downward  from  the 
fixed  end. 


Notb.  The  quantity  of  material  Id  laeltned  beams  nay  be 

reduced,  Jo  tbe  »me  manner  as  in  hor  one*. 


Fig.  11. 

Art.  16.  Triangular  beams  of  wood,  according  to  Barlow's  experi- 
ments with  pine,  require  about  J£  greater  breakg  loads  with  the  base  up,  than  when 

it  is  down.  Or  with  the  base  down,  about  \  less  than  when  up.  Tredgold  considers 
them  about  equally  strong  in  either  position ;  and  that  to  find  the  center  breakg 
load,  we  may  first  calculate  it  by  Art  12,  as  if  the  beam  were  a  rectangular  one  with 
the  same  base  and  perp  height  as  the  triangle ;  and  take  V£  of  the  result.  Hence, 
the  triangle  is  not  an  economical  shape  for  a  beam ;  for  with  only  3^  the  strength  of 
a  rectangular  one,  it  has  half  as  much  material. 
Hodgkloson,  with  cast-iron   triangular  beams,  base  up, 
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made  the  breakg  loads  equal  to "%  of  those  of  rectangular  bars,  as  in  wood.  Rennle's 
experiments  give  about  the  same  proportion,  with  the  base  up ;  but  with  the  base 
down,  he  made  the  strength  nearly  twice  as  great,  or  about  A  that  of  a  rectangular 
beam  of  the  same  width  and  vertical  height.  The  comparative  strengths  in  the  two 
positions  will  vary  in  diff  materials,  inasmuch  as  it  is  affected  by  the  comparative 
resistances  which  any  given  material  presents  to  tension  and  compression.  Within 
the  limit  of  elasticity  the  beam  will  be  equally  strong,  whether  the  edge  or  base  be 
up;  and  will  bend  equally  in  either  case;  so  also  with  the  Hodgkinson,  or  any  other 
form  of  beam.  *^ 

Art.  17.  To  And  the  side  of  a  square  hor  beam  supported  at 
both  ends,  and  reqd  to  break  under  a  sriven  quiescent  center 
load. 

Rule.  Malt  the  clear  bearing  in  ft,  by  the  given  breakg  load  in  pounds.  Dlv  the 
prod  by  the  corresponding  constant  p  493.  Take  the  cube  root  of  the  quot.  This 
cube  root  will  be  the  reqd  depth  or  breadth  of  the  beam,  approximately,  in  ins. 
When  the  size  of  the  beam  is  so  great  that  its  wt  must  be  taken  into  consideration, 
increase  either  its  breadth,  ns  directed,  in  Art  20;  or  its  depth,  as  per  Art  21,  or,  first 
find  the  approx  side  as  before.  Then  calculate  the  wt  of  a  sq  beam  having  thnt  side. 
Add  half  this  wt  to  the  given  cen  load,  and  with  this  increased  cen  load,  repeat  the 
whole  calculation.  The  resulting  side  will  be  the  reqd  one  very  approx,  but  still  a 
mere  trifle  too  small. 

The  breakg,  or  the  safe  load  of  a  square  beam,  if  mult  by  .6,  will  give  that  of  a 
Cylinder,  whose  dmm  is  equal  to  a  side  of  the  square  one. 

Art.  18.  When  the  beam  Is  reqd  to  bear  Its  center  load 
safely,  mult  the  given  safe  load  by  the  number  of  times  it  is  exceeded  by  the 
breakg  load.  Then  find,  by  Art  17,  the  side  of  a  square  beam. to  break  under  this  in- 
creased load.  The  beam  thus  found  will  evidently  be  approximately  the  safe  one  for 
the  actual  load ;  exclusive,  however,  of  the  wt  of  the  beam.  When  this  must  be  in- 
eluded,  increase  the  dimensions  as  directed  in  Art  17. 

If  the  load  is  equally  distributed,  first  div  it  by  2,  then  proceed  precisely  as  before. 

Art.  19.  When  the  beam  Is  cylindrical,  and  reqd  to  break 
nnder  Its  center  load,  to  find  its  diam,  mult  the  load  by  1.7,  and  by  Art  17 
find  the  side  of  a  square  beam,  to  break  under  this  increased  load.  The  side  thus 
found  will  also  be  approximately  the  reqd  diam.    See  Rems  1  and  2. 

If  to  be  borne  safely,  flivtt  mult  it  by  the  number  of  times  it  is  to  be  ex- 
ceeded by  the  breakg  load.  Then  mult  the  prod  by  17,  aud  proceed  precisely  as 
before.    See  Rems  1  and  2. 

Rem.  1.  In  neither  case,  however,  is  the  wt  of  the  beam  itself  included.  When  this 
is  necessar}'.  first  find  the  approximate  diam  as  before.  Then  calculate  the  wt  of  a 
beam  having  this  diam  Add  half  this  wt  to  the  given  ceti  load,  in  either  case;  and 
with  this  increased  center  load,  repeat  the  whole  calculation.  The  resulting  diam 
will  be  the  required  one  very  approximately,  but  still  a  mere  trifle  too  small. 

Rem.  2.  If  tho  load  Is  equally  distributed,  first  take  one-hali  ot 
it  as  being  a  center  load,  and  with  this  proceed  precisely  as  before. 

Art.  20.  To  find  the  breadth  of  a  nor  rectangular  beam, 
supported  at  both  ends,  to  break  under  a  given  quiescent 
center  load  %  mult  the  center  load  in  fi>s  by  the  span  in  feet.  Mult  the  square 
of  the  depth  in  ins  by  the  constant  p  406.  DIt  the  first  prod  by  the  last.  The 
quot  will  be  the  breadth  approximately.  Calculate  the  wt  of  a  beam  having  this 
breadth.  Then  say,  as  the  center  load  is  to  half  this  wt,  so  is  the  breadth  found,  to 
x  new  breadth  to  be  added  to  it.  It  will  still  be  somewhat  too  small,  owing  to  the 
neglect  of  the  wt  of  the  breadth  last  added.  This  may  readily  be  found,  and  its 
corresponding  breadth  added. 

Rem.  1.  If  the  load  Is  to  be  borne  safely ,  (without  any  regard  to  the 
amount  of  deflection,)  first  mult  it  by  the  number  of  times  it  is  exceeded  by  the 
breakg  load. 

Rem.  2.  If  in  either  case  equally  distributed,  take  half  of  it  as  if  a 
center  load,  and  proceed  precisely  ad  beiore. 

Art.  21.  To  find  the  depth,  when  the  breadth  Is  given,  mult 
the  load  in  lbs  by  the  span  in  feet.  Mult  the  breadth  in  ins  by  the  constant  p  493 
Div  the  first  prod  by  the  last;  take  the  sq  rt  of  the  quot  for  an  approx i mat* 
depth.  Calculate  the  wt  of  a  beam  having  the  depth  just  found ;  add  half  ot  it  to  thi 
given  center  load,  and  with  this  new  load  repeat  the  whole  calculation;  for  a  mbre 
approximate  depth,  but  still  somewhat  too  small,  owing  to  the  neglect  of  the  w*  of 
the  depth  last  added.  We  may  find  this,  and  repeat  the  whole  calculation,  or' we 
may  merely  increase  the  breadth  by  Art  2f\ 

Rim.  If  the  load  is  to  be  borne  safely,  or  if  It  is  equally  distributed,  see  Remarks, 
Art  20. 
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Art.  22.  To  find  the  safe  dimensions  to  be  given  to  a  ree- 
tansrnlar  beam  of  given  span,  supported  at  both  ends,  and 
which  Is  at  the  same  time  exposed  both  to  a  transverse 
strain  and  to  a  longitudinal  tensile  or  pulling  one,  or  a 
longitudinal  compressive  one.  The  writer  in  unable  to  suggest  any 
better  rules  than  the  following,  which  are  at  least  safe.  Namely,  when  the  longi- 
tudinal strain  is  tensile,  find  separately  the  safe  dimensions  as  if  for  a  beam  alone; 
and  as  if  for  a  tie  alone ;  and  add  the  two  resulting  areas  together.  When  the  longi- 
tudinal strain  is  compressive  find  separately  the  safe  dimensions  as  if  for  a  beam 
alone ;  and  as  if  for  a  pillar' alone ;  and  add  the  two  resulting  areas  together. 

Example  1.  A  wrought  iron  rectangular  beam  of  10  ft  span  is  to  sustain 
with  a  safety  of  6,  an  equally  distributed  transverse  load  of  100000  lbs ;  and  a  pulling 
strain  of  200000  lbs.    Of  what  size  must  it  be? 

Here  the  distributed  load  of  100000  lbs  is  equal  to  a  safe  center  one  of  50000  lbs ; 
or  to  a  breaking  center  one  of  50000  X  6  =  300000  lbs. 

Now  first  we  may  assume  for  the  beam  some  probable  approx  depth,  say  12  ius. 
Then  we  find  by  Art  20  that  its  breadth  as  a  beam  alone  will  be 

Breakg  load  in  lbs  X  span  in  ft        300000  X  10        3000000       .       . 
sq  of  depth  in  ins  X  coef,  p  493         144  X  2500  360000 

Again,  a  bar  to  bear  a  pull  of  200000  lbs  with  a  safety  of  6,  should  not  break  with 
less  than  1200000  lbs ;  therefore  since  fair  bar  iron  breaks  with  about  50000  lbs  per 
sq  inch,  we  have  120001)0 -i- 50000=  24  sq  ins  as  the  area  of  bar  for  the  pull  aloue. 
We  may  add  all  of  this  to  the  width  of  the  beam,  making  it  24  -t- 12  =  2  ins  wider; 
or  10.33  ins  wide  in  all.  Or  we  may  add  it  all  to  the  depth,  thus  making  the  beam 
24  -4-  8.33  =  2.88  ins  deeper,  or  14.88  ins  in  all.  Or  part  may  be  added  to  the  breadth, 
and  part  to  the  depth. 

Example  2.  A  wrought  iron  rectangular  beam  of  10  ft  span,  is  to  sustain 
with  a  safety  of  6,  an  equally  distributed  transverse  load  of  100000  lbs,  and  a  com- 
pressive strain  of  200000  lbs.    Of  what  size  must  it  be? 

Here  first  assuming  some  probable  approx  depth,  say  12  ins,  we  find  as  before  that 
its  breadth  as  a  beam  only  will  be  8.33  ins.  As  to  the  compressive  force,  it  is  plain 
that  a  pillar  for  sustaining  it  should  be  a  hollow  one  with  its  sides  as  wide  as  possi- 
ble; and  this  Is  to  be  effected  by  placing  it  around  the  outside  of  our  beam.  The 
pillar  will  therefore  have  sides  of  about  8.33  and  12  ins  wide ;  and  its  breaking  load 
must  be  200000X0  =  1200000  lbs,  or  say  536  tons.  Now  the  length  of  the  pillar 
measured  by  its  narrowest  side  is  120  -s-  8.33  =  14.4  sides ;  and  by  table,  p.  444,  we 
find  that  a  hollow  square  wrought  iron  pillar  14.4  sides  long,  breaks  with  15.5  tons 
per  sq  inch  of  its  metal  area.  Hence  we  require  536  -*- 15.5  =  34.6  sq  ins  metal  area 
for  our  pillar.  Now  the  circumf  of  the  pillar  is  8.33X2  +  12X2  =  40.66  ins. 
Hence  its  thickness  must  be  34.6  -5-  40.66=  .85  of  an  inch.  Hence  both  the  breadth 
and  the  depth  of  the  beam  must  each  be  increased  twice  that  much  or  1.7  inch ;  thus 
making  It  10.03  ins  broad  and  13.7  ins  deep. 

It  Is  plain  that  onr  pillar  Is  thicker  than  necessary,  because 
the  tabular  widths  are  supposed  to  be  by  outside  measure,  whereas  our  width  of  8.33 
ins  is  inside  measure.  The  final  Outer  width  bf  10.08  ins  would  make  the  pillar  only 
12  sides  long;  at  which  it  would  require  15.7  instead  of  15.5  tone  per  sq  inch  to 
break  it.  Other  considerations  too  abstruse  to  be  explained  here,  combine  to  make 
the  resulting  dimensions  in  both  examples  somewhat  in  excess. 
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((went  load*  tor  I__ 
e  pine  or  apruM,  oni 


For  the  neat  load-.,  di 


)  of  the  beams  having  been  Introduced  li 


Lowb  applied  suddenly  will  double  the  deflections  In  the  table;  i 
when.  Tot  instance,  If  a  loud  la  held  by  hand,  just  touetting*  beam,  the  hoid&buuld  I 

Caution.  Inasmuch  as  this  table  was  based  upon  well  Reasoned,  atretic! 

grained  pieces,  free  from  knots  and  other  de'--'-  " *  "  h 

more  than  aboot  two-thirds  of  the  loads  in  11 
building  timber  of  fair  quality         ■        ' 
-  the  deflections. 

Observe  nlun  tbat  our  table  Is  for  safe  center  loads,  but  It  is  plain  tbat 
in  practice  we  cannot  always  apply  the  term  in  Its  utmost  strictness ;  otherwise 
the  load  would  have  to  be  sustained  by  a  mere  kuife-edge,  at  the  very  ranter  of 

we  even  applied  it  along  S  or  4  ins  of  the  length,  it  would  cut  into  it,  and  we  should 

theende  wedistributwf  the  load  along  full -16  inaof  length,  or  about  32  ios  for  a 
safety  of  1. 

TUe  ante  load  [a  here  %,  of  the  breakgone;  and  thelaataNMlbsatthe 
center  of  a  beam  1  inch  square,  and  lfool  dear  lenrti  between  Its  supports.  For 
mere  temporary  purposes.  Impart  msy  be  added  lu  the  kadi  li  tbs  Inula,  Umi  mak- 
ing tliem  equal  tu  ;ho  'A.  '■!'  the  l..r™ltg  tend.  But  in  important  structure-; ,  mjI.j-.  1 
to  vibration  W  pKrt  sli.nihl  he.  deducted  from  th.-  tabular  loads,  tliua  reducing 
thorn  t„  %  uf  the  breaking  load.    This  is  especially  necessary  If  the  timber  Is  not 

With  the  safe  load*!  In  lbl«  tatkle  a  brum  may  fcend  ten 
winch  for  many  practical  purposes.-  TVhen  this  Is  the  mse,  *e  tnny,  In  reunufna; 

C*niUlrm"  "below  the  TaMs" 
Original 
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Table, 

,  continued. 

(Original.) 

Depth 

3pan  18  ftJSpan  20  ft, 

Span  25  ft.  Span  30  ftJSpan  36  ftJSpan  40  ft. 

Wt.of 

of 

lOffrnf 

beam. 

load 

def. 

load 

def. 

load 

def. 

load 

def. 

load 

def. 

load 

def. 

beam. 

Ins. 

ft>s. 

ins. 

fi>s. 

ins. 

fi>8. 

ins. 

fi>8. 

ins. 

lbs. 

ins. 

lbs. 

ins. 

9m. 

6 

150 

1.4 

135 

1.8 

108 

2.9 

90 

4.5 

77 

6.6 

67 

9.2 

12 

7 

204 

1.2 

184 

1.6 

147 

2.5 

122 

3.9 

105 

6.8 

92 

7.6 

14 

8 

267 

1.0 

240 

1.3 

192 

2.1 

160 

3.2 

137 

4.6 

120 

6.4 

16 

0 

338 

.02 

304 

1.2 

243 

1.9 

202 

2.8 

174 

4.0 

162 

5.5 

18 

10 

417 

.82 

375 

1.0 

300 

1.7 

250 

2.5 

214 

3.5 

188 

4.9 

20 

11 

605 

.74 

454 

.93 

363 

1.5 

302 

2.2 

259 

3.2 

227 

4.3 

22 

12 

600 

.68 

540 

.85 

432 

1.4 

360 

2.0 

308 

2.9 

270 

3.9 

24 

14 

817 

.58 

735 

.72 

588 

1.2 

490 

1.7 

420 

2.4 

367 

3.2 

28     | 

16 

1067 

.60 

960 

.63 

768 

1.0 

640 

1.5 

548 

2.1 

480 

2.8 

32 

18 

1350 

.45 

1216 

.66 

972 

.90 

810 

1.3 

694 

1.8 

607 

2.5 

36 

20    1 

1666 

.40 

1500 

.50 

1200 

.79 

1000 

1.2 

867 

1.6 

750 

2.2 

40 

22    1 

2017 

.37 

1815 

.45 

1452 

.72 

1210 

1.1 

1037 

1.5 

907 

2.0 

44 

24    1 

2400 

.33 

2160 

.41 

1728 

.65 

1440 

.96 

1234 

1.8 

1080 

1.8 

48 

26    1 

2817 

.31 

2526 

.38 

2018 

.60 

1684 

.88 

1449 

1.2 

1263 

1.6 

52 

28    1 

3267 

.28 

2940 

.35 

2352 

.55 

1960 

.81 

1680 

1.1 

1470 

1.5 

56 

30    1 

3760 

.26 

3375 

.33 

2700 

.50 

2250 

.76 

1928 

1.1 

1687 

1.4 

60 

32    1 

4267 

.25 

3840 

.30 

3072 

.45 

2560 

.71 

2194 

1.0 

1920 

1.3 

64 

34    1 

4817      .23 

4335 

.29 

3168 

.44 

2890 

.67 

2477 

.92 

2167 

1.2 

68 

36    1 

5400  I  .22 

4860  | 

.27 

3888 

.43 

3240 

.63 

2777 

.86 

2430 

1.1 

72 

White  oak,  and  best  Southern  pitch  pine  will  bear  loads  % 
greater. 
For  cast  iron,  mult  the  loads  in  the  table  by  4.5;  and  for  wrought  by 

5.3.    For  these  new  loads,  mult  the  dels  by  .4  for  cast ;  and  by  .3  for  wrought. 

If  the  load  is  equally  distributed  over  the  span,  it  may  be  twice  as 
great  as  the  center  one,  and  the  defs  will  be  \XA  times  those  in  the  table.  If  the 
loads  in  the  table  be  equally  distributed  along  the  whole  beam,  the  defs  will 
be  but  five-eighths  as  great  as  those  in  the  table.  See  Art  26.  p  605b.  When  more 
accuracy  is  reqd,  half  the  wt  of  the  beam  itself  must  be  deducted  from  the  center 
load;  and  the  whole  of  it  from  an  equally  distributed  load.  The  wt  of  the  beam,  in 
the  last  column,  supposes  the  wood  to  be  but  moderately  seasoned,  and  therefore  to 
weigh  28.8  lbs  per  cub  ft. 

Uses  of  the  foregoing  table.  Ex.  1.  What  must  be  the  breadth 
of  a  hor  rect  beam  of  wli  pine,  18  ins  deep,  supported  at  both  ends,  and  of  20  ft  clear 
length  between  its  supports,  to  bear  safely  a  load  of  5  tons,  or  11200  lbs  at  its  center  \ 
Here,  opposite  the  depth  of  18  ins  in  the  table,  and  in  the  column  of  20 feet  lengths, 

we  find  that  a  beam  1  inch  thick  will  bear  1215  ros ;  consequently,  ^^  =  9.22  Ins, 

Ills 

the  reqd  breadth ;  for  the  strength  is  in  the  same  proportion  as  the  breadth. 

Ex.  2.  What  will  be  the  safe  load  at  the  center  of  a  joist  of  white  pine,  18  ft  long, 
8  ins  broad,  and  12  ins  deep  ?  Here,  in  the  col  for  18  ft,  and  opposite  12  in*  in  depth, 
we  find  the  safe  load  for  a  breadth  of  1  inch  to  be  600  lbs  (  consequently,  600  X  3  =* 
1800  lbs,  the  load  reqd. 

Rem.  Cautions  In  the  use  of  the  above  table.  For  instance,  in 
placing  very  heavy  loads  upon  short,  but  deep  and  strong  beams,  we  must  take  cart- 
that  the  beams  rest  for  a  sufficient  diet  on  their  supports  to  prevent  all  danger  from 
crashing  at  the  ends.  Thus,  if  we  place  a  load  of  6075  ftw  at  the  center  of  a  beam 
of  4  feet  span,  18  ins  deep,  and  only  1  inch  thick,  each  end  of  the  beam  sustains  a 

vert  crushing  force  of  -~  =  8037  lbs,  and  that  sidewise  of  the  grain,  in 

which  position  average  white  pine,  spruce,  and  hemlock  crush  under  about  800 
lbs  per  sq  Inch,  and  do  not  have  a  safety  of  6  until  the  pressure  is  reduced  to  about 
133  lbs  per  sq  inch.  Therefore  our  beam,  in  order  to  have  a  safety  of  6  against 
crushing  at  its  ends,  must  rest  on  each  support  3037  -i-  133  =  28  sq  ins ;  or  for  a 
safety  of  4  nearly  16  sq  ins.  When  a  pressure  is  equally  distributed  side* 
wise  (that  is,  at  right  angles  to  the  general  direction  of  the  fibres)  over  the  entire 
pressed  surface  of  a  block  or  beam  (to  ensure  which,  the  opposite  surface  must  be 
supported  throughout  its  entire  length)  the  resulting  compression  might  readily 
escape  detection  unless  actually  measured.  But  when  a  considerable  pressure  is 
applied  to  only  a  portion  of  the  surface,  as  of  caps  and  sills  where  in  contact  with 
the  heads  and  feet  of  posts ,  or  at  the  ends  of  loaded  joists  or  girders,  the  com- 
pression becomes  evident  to  the  eve,  because  the  pressed  parts  sink  below  the 
unpressed  ones,  in  consequence  of  the  bending  or  breaking  of  the  adjacent  fibres 
What  in  the  first  case  (especially  if  slight)  would  be  called  compression,  would 
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In  the  second  be  called  crushing:;  even  when  neither  might  be  so  great  as 
to  be  unsafe. 

Owing  to  the  resistance  which  said  adjacent  fibres  oppose  to  being  bent  or 
broken,  it  is  plain  that  a  given  pressure  per  sq  inch,  or  per  sq  foot,  Ac, 
will  cause  somewhat  less  compression  or  crushing  when  applied  to  only  a  part  of 
a  surface,  than  when  to  the  whole  of  it. 

The  writer  has  neen  40  half  seasoned  hemlock  posts,  each  12  ins  square, 
footing  at  intervals  of  5  ft  from  center  to  center,  upon  similar  12  X  12  inch  hem- 
lock sills,  to  which  they  were  tenoned,  and  which  rested  throughout  their  entire 
length  on  stone  steps.  Each  post  was  gradually  loaded  with  32  tons,  or  equal  to 
say  500  lbs  per  sq  inch ;  and  their  feet  all  crashed  iuto  the  sills  from  \£  to  V£  inch. 
Their  heads  crushed  into  the  caps  to  the  same  extent.  In  practice  the  pres- 
sure at  the  heads  and  feet  of  posts  is  rarely,  if  ever,  perfectly  equable ;  ana  the 
same  remark  applies  to  the  ends  of  Joaded  joists,  pi-ders,  Ac.,  in  which  a  slight 
bending  will  throw  an  excess  of  pressure  upon  the  lnLer  edges  of  their  supports. 

See  other  eantions  on  p.  499. 
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STONE  BEAMS. 

Table  of  safe  quiescent  extraneous  loads  for  beams  of  frood 
building  granite  one  inch  broad,  supported  at  both  ends,  and  loaded  at  the 
center ;  assuming  the  safe  load  to  be  one-tenth  of  the  breakiug  one ;  and  the  latter 
to  be  100  lbs  for  a  beam  1  inch  square,  and  1  foot  clear  span.  The  half  weight  of 
the  beams  themselves  is  here  already  deducted  by  the  rule  in  Art  12,  p.  494,  at  170 
lbs  per  cub  ft. 
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951 
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463 
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2425 
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30 

8998 

4496 

2995 

2243 

1791 

1489 
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S3 

10888 

5441 

3624 

2714 

2168 

1803 

1542 

1345 

1069 
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605 

36 

12968 

6476 

4314 

3231 

2581 

2147 

1836 

1603 

1275 

1054 

632 
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If  uniformly  distributed  over  the  elear  span,  the  safe  extraneous 
loads  will  be  twice  as  great  as  those  in  the  table. 

For  good  slate  on  bed  the  safe  loads  may  be  taken  at  about  3  times ;  for 
frood  sandstone  on  bed  at  about  one-half;  and  for  good  marble  or 
limestone  on  bed  at  about  the  same  m  those  in  the  table.    See  table,  p  4  .». 
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LIMIT  OF  ELASTICITY  IN  BEAMS. 

Under  moderate  loads,  the  deflections  of  a  beam  are  practically  proportional  to 
the  load.  When  they  begin  to  increase  perceptibly  faster  than  the  load,  the  latter  is 
said  to  have  reached  the  elastic  limit,  or  limit  of  elasticity.  It  is  generally  at  this 
point  that  the  ((  permanent  set"  first  becomes  noticeable;  i.  e.,  after  removal 
of  the  load,  the  beam  fails  to  return  to  its  original  unstrained  condition,  and  remains 
more  or  less  bent.  Th«  deflections  then  also  begin  to  increase  irregularly  ;  and  to 
continue  indefinitely  without  further  increase  of  load.  In  short,  the  beam  is  in 
dauger.  Hence,  the  actual  load  must  never  exceed  the  elastic  limit ;  and  should  not 
exceed  from  one-third  to  two-thirds  of  it,  according  to  circumstances. 

The.l^mit  of  elasticity  of  a  beam  of  any  particular  form,  or  material,  is 
determined  by  experiment  with  a  similar  beam,  as  in  the  case  of  conttants 
for  breaking  loads,  Ac.  Thus,  load  a  beam  at  the  center,  by  the  careful  gradual 
addition  of  small  equal  loads;  carefully  note  down  the  deflection  that  takes  place 
within  some  minutes  (the  more  the  better)  after  each  load  has  been  applied;  in  order 
to  ascertain  when  the  deflections  begin  to  increase  more  rapidly  than  the  loads ;  for 
when  this  takes  place,  the  load  for  elastic  limit  has  been  reached.* 

It  is  not  the  deflections  of  the  whole  beam  that  are  to  be  noted,  but  those  of  its 
clear  span  only.  Several  beams  should  be  tried,  in  order  to  get  an  average  constant, 
for  even  in  rolled  iron  beams  of  the  same  pattern,  and  same  iron,  there  is  a  very 
appreciable  difference  of  strengths  and  deflections. 

Then,  to  get  the  constant,  using  the  total  load  applied  during  the  equal  deflections, 
including  half  the  weight  of  the  beam  itself, 

Constant  for  elastic  limit Span  in  feet  X  Total  load  in  lbs. 

Breadth  in  inches  X  Square  of  depth  in  inches 

Time  constant,  for  wooden  beams,  may  be  had,  near  enough  for  common 
practice,  by  taking  one  third  of  the  breaking  constants  in  the  table,  page  493. 

The  foregoing  constants  are  those  for  beams  supported  at  both  ends  and  loaded  at 
the  center.  To  find  constants  for  other  methods  of  supporting  and 
loading) 

'  Multiply  the 
If  the  beam  is  above  constants  by 

supported  at  both  ends  and  loaded  uniformly  2 

fixed  f       "         "  "  at  center  2 

H  "         "  "  uniformly  3 

"  «    one  end         M  .  at  the  other  M 

"  «         «  "  uniformly  % 

Said  constant,  thus  calculated,  is  the  elastic  limit  of  a  beam  of  the  given  shape 
and  material,  1  inch  broad,  1  inch  deep,  and  of  1  foot  span,  supported  at  both  end* 
and  loaded  at  the  center.  To  obtain  from  it  the  elastic  limit  of  any  other  beam  of 
the  same  design  %  *nd  the  came  material,  similarly  supported  and  loaded,  but  of  other 
dimensions, 

Elastic  __  cQQgtanj;  y  breadth  in  inches  X  square  of  depth  in  inches 
llmtt  span  in  feet 


*  Of  course,  in  practice,  it  is  frequently  difficult  to  ascertain  with  precision,  when, 
or  under  what  load,  the  deflections  actnall  v  do  begin  to  increase  more  rapidly  than  the 
successive  loads.  For  although  by  theory  the  deflections  are  practically  equal  for 
equal  loads,  until  the  elastic  limit  is  reached,  yet  in  fact  they  are  subject  to 
more  or  less  irregularity ;  for  no  material  composing  a  beam  is  perfectly  uniform 
throughout  in  texture  And  strength.  Hence,  instead  ot  regular  increase  of  defleo- 
'  tion,  we  shall  have  an  alternation  of  larger  and  smaller  ones.  Therefore,  »ome  judg- 
ment is  required  to  determine  the  final  point;  in  doing  which,  it  is  better,  in  ca*e 
of  doubt,  to  lean  to  the  side  of  safety.  It  is  assumed  always  that  the  load  is  rot 
subject  to  jars  or  vibrations.    These  would  increase  the  deflection*.    See  also  p.  434/. 

t  A  beam  is  said  to  be "fixed  "  at  either  end  when  the  tangent  to  the  longitudinal 
axis  of  the  deflected  beam  at  that.end  remains  always  horizontal. 

J  The  shapes  of  the  two  beams  need  not  be  similar.  For  instance,  the  constant 
deduced  from  experiments  upon  any  rectangular  beam  is  applicable  to  any  other 
rectangular  beam,  whether  square  or  oblong. 
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DEFLECTIONS  OF  BEAMS. 

Art.  $86.    Deflections,  or  bending*,  of  beams,  under  their  loads* 

The  foregoing  relates  chiefly  to  the  strength  ot  beams,  or  their  iet>istance  to  breaking; 
tbe  tallowing  to  their  stiffness,  or  resistance  to  bending.  The  two  follow  very 
different  laws. 

For    deflections  limited  to  a  given  fraction  ot  the  span,  see 

Art.  29,  p.  510. 

The  opposite  table  gives  the  deflections  (in  inches)  within  tbe  elastic 
limit,  of  any  prismatic  beam  (beam  of  uniform  cross  section  thtoughout)  under 
different  arrangements  ot  support  and  ot  loadf  also  (in  the  last 
column)  tho  extraneous  load  which  will   produce  a  given  deflection, 

without  assistance  from  the  weight  of  the  Wain  itself.    All  the  formula)  are  based 
upon  the  assumption  that  the  increase  of  deflection  is  proportional  to  increase  of  load. 
Tbe  letters  signify  as  follows : 

d.  —  deflection  of  beam,  in  inches  (see  Figs.) 
IV  —  weight  of  extraneous  load,  in  pounds. 
Uf  — »      *4       **    clear  span  of  l>eam,  in  pounds. 
/  *»  clear  span  of  beam,  in  inches  (see  Figs.) 
BS  —  modulus  of  elasticity  f  of  the  material  of  the  beam,  in  pounds  per  square; 

inch.    See  pp.  434,  etc. 
I  -=  moment  of  inertia*  f  of  the  cross  section  of  the  beam,  in  inches.     Sea 
pp.  486  and  487. 

From  the  principles  embodied  in  the  opposite  table,  we  find  that  in  beams  of 
similar  cross  section  aod  of  the  same  material,  and  within  the  elastic  limit,  the  load, 
and  deflections  (neglecting  tbe  weight  of  the  beam  itself)  are  as  follows : 


With  the  same 

'  The  deflections  under  a  given  extraneous  load  are 

■pan 
>(       and  breadth 
44         **    depth 

breadth  « 

inversely  as  the  breadths  and  as  the  cubes  of  the  depths 

"           "       breadths 
directly       **       cubes  of  the  spans 

With  tbe  same 

The  extraneous  loads  for  a  given  deflection  are 

span 
"       and  breadth 
"         «    depth 

breadth  «        " 

directly  as  the  breadths  and  as  the  cubes  of  the  depths 

U                   «                                                                           U                H                   it 

"           "      breadths 
inversely  "      cubes  of  the  spans 

It  also  follows  that,  within  tbe  limit  of  elasticity,  a  beam  of  irregular  shape,  such 
as  a  T,  or  a  Hndgkinson  beam,  a  triangle,  Ac.,  will  bend  to  the  same  extent,  whether 
its  top  or  its  bottom  be  uppermost. 

After  the  elastic  limit  is  passed,  the  deflections  increase  irregularly,  and  mom 
rapidly  than  before;  and  the  beam  becomes  unsafe. 

♦In  beams  of  any  given  cross  section,  whether  rectangular,  triangular,  I  beam*, 
etc.,  etc.,  of  equal  or  unequal  «izev  the  moment  of  inertia  is  proportional  to  the  breadth 
and  to  the  cube  of  the  depth. 

In  any  solid  rectangular  beam, 

Moment  of  inertia  -  breadth  X  cube  of  depth  , 

For  other  shapes  of  crops  flection,  see  p.  487.  Tbe  moment  of  inertia  is  independent 
of  tbe  material  of  the  beam. 

fFor  other  methods,  not  requiring  the  use  of  the  modulus  of  elasticity  or  the 
moment  of  inertia,  see  pp.  500,  etc 

38 
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Art.  86  a.  The  following  methods  obviate  the  necessity  •** 
finding  the  modulus  of  elasticity  and  the  moment  of  inertias 

The  Constant  for  Deflection  for  any  given  material,  within  the  limit  of 
elasticity,  is  the  deflection,  in  inches,  of  a  beam  of  that  material,  1  inch  wide,  1  inch 
deep  and  of  1  foot  span,  supported  at  both  ends,  and  loaded  at  the  center  with  a  total 
woight  (including  five-eighths  of  the  weight  of  the  clear  span  of  the  beam)  of  one 
pound.  Such  constants  may,  like  those  of  transverse  strength  (see  p.  491),  be  readily 
found  by  experiment.  Thus,  at  the  center  of  any  beam,  placed  horizontally  upon 
supports  at  each  end,  place  any  load  that  is  within  its  elastic  limit,  and  measure 
the  resulting  deflection  in  inches.  Multiply  the  weight  of  the  span  of  the  beam  by 
.625,  add  the  product  to  the  neat  load,  for  a  total  load.  Then  the  required  constant 
for  any  other  beam  of  the  same  design*  and  of  the  same  kind  and  quality  of 
material,  whether  wood,  metal,  stone,  Ac,  is, 

otMdirfid 

Constant  -  deflection  X  DreadtP  in  lDCDe«  X  cube  of  deptht  ip  !pchea 
in  inches  total  load  in  lbs.  X  cube  of  span  in  feet 

We  add  to  the  experimental  neat  load,  the  .625,  or  %  of  the  wt  of  the  clear  span 
of  the  beam  itself,  because  the  wt  of  the  beam  equally  distributed  throughout  its 
span,  also  aids  in  producing  the  def ;  and  it  does  so  to  the  same  extent  that  %  of  it 
would  do,  if  collected  at  the  center  of  an  imagiuary  beam  having  the  same  strength 
throughout  as  the  real  one,  but  having  itself  no  weight.  Therefore,  in  applying  the 
constants  for  def  to  beams  intended  for  actual  use,  we  must  not  omit  to  add  %  of 
the  wt  of  the  span,  to  the  intended  center  load,  for  an  equivalent  total  center  load, 
before  making  the  calculations  for  def.  The  weights  of  similar  beams  (that  is, 
beams  proportioned  exactly  alike  in  every  part,  but  of  diff  sizes)  increase  so  much 
more  rapidly  than  their  clear  spans,  that  although  a  small  one  may  safely  bear  a 
load  of  many  times  its  own  wt,  a  much  larger  one  will  break  down  without  any 
load.  Having  by  experiment  found  the  constant  of  def  for  any  given  material,  the 
deflection,  within  the  elastic  limit,  of  any  other  beam  of  the  same  design*  and  of  the 
same  material,  whether  larger  or  smaller,  and  loaded  at  the  center,  may  be  found 
thus : 

total  equivalent     y,  cube  of  span, 

Deflection  _  constant  X  center  load,  in  lbs.  *      in  feet ^ 

in  inches  ™  *  breadth,  in  inches  X  cube  of  depth,  in  inches  * 

*  The  shapes  of  the  beams  need  not  be  similar.   For  instance,  the  constant  deduced 
by  experiment  from  any  rectangnlar  beam,  applies  to  any  other  rectangular  ~ 
whether  square  or  oblong. 
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Table  or  constants  for  the  deflections*  within  the  safe*  or 
elastic  limits,  of  hor  rectangular  beams,  supported  at  both  ends  and  loaded 
at  the  center.  The  timbers  are  supposed  to  be  well  seasoned ;  if  not,  the  constant 
fchonld  be  increased. 

White  oak 00023*         White  pine. ' 

Best  southern  pitch  pine, )    ftruv>7  *         Ordinary  yellow  pine 

andwhiteash  J -ww-/  Spruce .00032* 

Hickory 00016*  Good  straight-grained  hemlock. 

Ordinary  oaks 

Cast  iron 000018  to  .000036 , Mean '  .000027  * 

Bar  iron 000012  to  .000024 Mean  .000018 

Steel,  rolled 000010  to  .000020 Mean  .000015 

Full  and  reliable  experiments  on  the  strength  and  deflections  of  the  various  steels 
are  much  needed. 

It  is  evident  that  the  stiffer  the  material  is,  the  smaller  will  be  its  constant  for  bend- 
ing.  All  these  constants  vary  somewhat  with  the  quali  ty  of  the  metal .  The  defs  also  of 
timber  of  the  same  kind,  vary  so  much  with  the  degree  of  seasoning,  the  age  of  the 
tree,  the  part  it  is  cut  from,  Ac,  that  the  writer  considers  it  mere  affectation  to  pre- 
tend to  assign  constants  for  practical  use,  more  nearly  approximate  than  he  has  here 
done.  They  are  averages  deduced  from  his  own  experiments  on  good  pieces,  well 
seasoned ;  and  the  loads  were  allowed  to  remain  on  for  months,  instead  of  minutes, 
as  usual.  Every  structure  is  more  or  less  exposed  to  vibrations  and  jars,  which  in 
time  increase  the  deflections.  In  several  instances,  our  experimental  timbers  bore 
their  breakg  loads  for  months  before  they  actually  gave  way.  And  in  all  kinds,  less 
than  -£§  of  the  breakg  load  produced  in  a  few  months  a  permanent  set,  or  def. 

The  following  are  deduced  from  single  experiments  only.  An  allowance  is  made 
for  the  weight  of  the  beam. 

Rolled  iron  beams  proportioned  exactly  as  the  7-inch  Phoenix  beam,  .0000303+ 

"    ;;    ;;       ;;      3on>s,9inch,        «     «  •. 00003211 

"        "  "  "  50  "  heavy  9  inch  "  «  .0000264 

"  41%  lbs,  12  inch  «  «  0000313+ 

T,  I  flf!  lbs,  15  inch  "  "  .0000365} 

*"  66%  lbs,  15  inch  "  « 0000438 

Art.  27.  To  find  the  der  in  inches,  of  a  hor  rectangular 
beam,  supported  at  both  ends,  and  loaded  at  its  center,  with 
W  .?1Xen1i°^<l  wiJnln  lte  elasticity;  mult  the  weight  of  the  clear 
beam  itself,  in  lbs,  by  the  decimal  .625.  Add  the  prod  to  the  given  center  load  in  lbs. 
Gall  the  sum  the  total  load.  Mult  together  this  total  load,  the  cube  of  the  span  in 
ft,  and  the  constant  from  the  upper  table.  Also  mult  together  the  breadth  in 
ins,  and  the  cube  of  the  depth  in  Ins.    Div  the  first  prod  by  the  last  one.  « 

Ex.  What  will  be  the  def  of  such  a  beam  of  average  white  pine,  9  ins  broad,  VI 
ins  deep,  21  feet  clear  span,  and  weighing  450  lbs ;  with  a  neat  center  load  of  1218.75 
lbs? 

Here  first,  450  X  .625  =  281.25  lbs.  And  281.25  +  121875  =  1500  lbs  total  load. 
Hence, 

1500  X  21»  X  »Const.      1500X9261X^00032      4445.2 

9  x  12.  9  X  1728  =  15652"  =  ,286  lnch  5  reqd  def* 

Rem  1.    When  the  load  is  all  at  one  point  not  at  the  center, 

o,  Fig  10  p  496,  mult  together  the  two  dists  o  a,  og,  from  the  load  to  the  points  of 
support.  Mult  the  prod  by  4.  Div  the  result  by  the  clear  span.  Use  the  quot  as  if 
it  were  the  span,  in  the  last  rule.  The  wt  of  the  beam  is  not  here  taken  into  account ; 
it  will  of  course  somewhat  increase  the  def. 


*  Averages  near  enough  for  ordinary  practice  by  the  writer's  own  trials.  Call- 
ing the  average  elastic  def  of  a  steel  beam,  1,  that  of  a  similar 

average  wrought  one  will  be  1.2 ;  and  that  of  a  cast  one  1.8.  If  that  of  an  average  oast  beam  be  1, 
that  of  a  wrought  one  will  be  .67 ;  and  that  of  a  steel  one  .56.  If  that  of  a  wrought  one  be  1,  cast  will 
be  1.5;  and  steel  .83. 

t  We  believe  that  these  four  beams  have  the  same  proportions,  as  nearlv  as  the  process  of  making 
them  will  admit  of  j  so  that  .000033  may  be  taken  as  a  near  enough  average  for  all  four.  As  before 
remarked,  extreme  accuracy  must  never  be  expected  in  such  matters.  Two  halves  of  the  same  iden- 
tical beam  will  often  give  differences  greater  than  this. 
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Rem.  2.  When  tbe  neat  load  is  equally  distributed  along 
the  span,  instead  of  all  being  at  tbe  center,  then  for  an  equivalent  total  center 
load,  add  together  the  neat  load,  and  the  entire  wt  of  the  clear  span  of  beam  ;  and 
mult  the  sum  by  the  dec  .625.  With  the  resulting  equivalent  center  load,  proceed 
precisely  as  in  the  foregoing  example. 

Ex.  The  def  of  the  foregoing  beam  of  white  pine,  9  ins  broad,  12  ins  deep,  21 
feet  span,  weighing  450  ft>s,  and  bearing  an  equally  distributed  load  of  1218.75  lbs? 

Here  first  450  +  1218.75  =  1668.75.  And  1668.75  X  -625  =  1042.97  lbs  =  equivalent 
center  load.    Hence 

1042.97  X  21*  X  -00032         3090.862  ,Anw  f  ^  ^  M 

9^1* =  -15552-    =  -1987  iD8'  re*d  def" 

'  Rem.  3.  With  an  equally  distributed  load,  including  the  wt  of  the 
beam,  the  def  is  only  %,  or  the  .625  part  as  great  as  it  would  be  if  the  same  total 
load,  including  the  entire  wt  of  the  beam,  were  all  applied  at  the  center. 

Rem.  4.  If  the  beam  in  any  of  these,  or  the  following  cases,  is  inclined,  Fig. 
11,  p  496,  use  the  hor  dist  o  y,  instead  of  the  actual  span  o  c. 

Art.  28.  Rule  1.  To  find  the  neat  eenter  load  which  will  (to- 
gether with  the  wt  of  the  beam  itself)  produce  any  given  def 
within  the  elastic  limit  of  the  beam ;  find  the  cube  of  the  clear  length 
in  feet;  mult  this  cube  by  the  constant  from  the  table  on  p  507.  Also  mult  the 
breadth  in  ins,  by  the  cube  of  the  depth  in  ins.  Div  the  first  prod  by  the  last  one. 
Div  the  given  def  in  ins,  by  the  quot,  for  the  total  reqd  load  in  lbs.  Mult  the  wt  of 
the  clear  length  of  the  beam  in  fi>s  by  .625,  and  deduct  the  prod  from  the  load  so  ob- 
tained, for  the  neat  load.    By  formula, 

_  .  ,  .     .  Cube  of  length  ^  Constant 

tododb?  -  D-"«t   -I.  In  ** X   "»*" 

wt  of  beam        *n  *nB      *       Breadth  ^  Cube  of  depth 

in  ins     *  in  ins. 

Ex.  What  center  loid  in  ros  will  (together  with  the  wt  of  the  beam  itself)  pro* 
duce  a  def  of  .286  of  an  inch,  in  a  beam  of  white  pine,  21  ft  span,  9  ins  broad,  12  ins 
deep,  and  which  weighs  450  lbs?    See  table,  p 499* 

Cube  of  21.        Const.  Breadth.    Cube  of  12. 

Here      9261    X  -00032  =  2.9635.  And      9      X    1728    =  15552. 

And       2'9635     =  .0001906.  And    — ,286       =  1500  fos. 

15552  -vw*"w.  auu      <0001906  o™  *»• 

For  the  neat  load  we  must  deduct  .625  of  the  wt  of  the  beam  ;  or  450  lbs  X  .625  = 
281.25  lbs;  so  that  the  neat  load  is  1500  —  281.25  =  1218.75  lbs,  as  in  Ex  1,  Art  27. 

If  the  load  is  uniformly  distributed,  use  precisely  the  same  rule  for  get- 
ting the  total  load.  Then  mult  this  load  by  1.6.  Deduct  the  entire  wt  of  the  clear 
length  of  beam. 

»  Ex.    What  equally  distributed  load  will  deflect  the  foregoing  beam  .1987  ins? 

Here,  proceeding  as  before,  the  only  diff  is  that  instead  of  .286  def,  we  have  .1987 

1987 
def  to  be  div  by  .0001906.    And  -t^t^-  =  1042.5  lbs,  as  the  equivalent  center  load. 

And  1042.5  X  16  =  1668  lbs  for  the  total  distributed  load,  including  the  entire  wt 
of  the  beam,  or  450  lbs.  Hence  1668  —  450  =  1218  lbs,  the  nent  distributed  load  reqd ; 
agreeing  with  the  preceding  example  within  %  of  a  ft;  the  diff  being  owing  to  a 
neglect  of  small  decimals  in  the  calculation. 

Rule  2.  The  length,  depth,  neat  eenter  load,  and  def  being 
given,  to  find  the  breadth. 

Neat  cen  load  v,  Cube  of  length  ^  Constant  _       ... 

in  fos         x         in  feet         X  in  Art  26  Breadth 

~_ — _ . __ ss     in  ins 

Cube  of  depth  y    Def  approx. 
in  ins         ^  in  ins 

Or  sufficient  for  the  neat  load  alone. 

Now  calculate  the  wt  of  a  beam  with  the  breadth  already  found.  Mult  this  wt  by 
.625,  then  say,  as 

NMt  renter  Breadth  .625  of  the  Additional 

load  *        flr8t        •    •      weiKhtof     I       breadth 

•       found  the  beam  reqd. 

Add  these  two  breadths  together,  and  their  sum  will  be  the  total  breadth  reqd,  mors 
approximately ;  but  still  somewhat  too  small,  inasmuch  as  it  provides  only  for  the 
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wt  of  the  beam  of  the  breadth  first  found,  and  not  for  that  having  the  additional 
breadth.    This  may  readily  be  calculated  and  added. 

Rule  3.    The   length,  breadth,  neat  center  load,  and  def, 
toeing:  given,  to  find  the  depth. 

Neat  cen  load  v  Cube  of  length  v  Constant  _  . 

in  tt>8         x         in  feet         x  in  Art  26    _  Cube  of  depth 

Breadth  v    Def  ~        approx 

in  ins    ^  in  ins  ** 

Take  the  cube  root  of  this  for  the  depth  itself,  approximately.  Rex.    This, 

like  the  breadth  given  by  the  preceding  formula,  is  too  small,  inasmuch  as  it  does 
not  allow  for  the  wt  of  the  beam.  Therefore,  when  greater  accuracy  is  required, 
proceed  thus:  Calculate  the  wt  of  a  beam  having  the  depth  just  fouud.  Mult  this 
wt  by  .625.  Add  the  prod  to  the  neat  center  load.  Consider  the  sum  as  a  new  neat 
center  load;  and  using  it  instead  of  the  neat  center  load  first  given,  go  through  the 
whole  calculation  again,  to  obtain  a  new  cube  of  depth.  The  cube  root  of  this  will 
be  more  nearly  correct ;  but  still  a  trifle  too  small,  for  the  same  reason  as  in  the  fore-' 
going  case. 


a 


z^i 


Rkm.    In  experimenting:  for  eonMants  of 

any  kind,  with  beams  of  irregular  cross-sections,  this,  for  in- 
stance, it  is  quite  immaterial  which  breadths  and  depths  are 
measd;  thus,  for  the  breadth  we  may  take  ab,lm,cd.  or  o«, 
Ac ;  and  for  the  depth,  either  nc>  Iv,  md,bo,  Ac.    It  is  only  t|^ > 

necessary  to  state  what  parts  actually  have  been  taken,  so    w^sg|.  r 
that  the  corresponding  ones  may  be  measd  in  any  other  beam       ^^^w_n^,s>^ 
which  is  to  be  calculated  by  the  constant  derived  from  the  V       a 

experiment.    This  remark  applies  to  all  constants  involving 

the  breadth  and  the  depth.  The  constant  itself  will  of  course  vary  according  to 
which  dimensions  are  taken  in  the  experiment;  but  the  results  derived  from  it  v.  hen 
applied  to  other  beams  of  similar  forms,  will  not  be  affected  thereby,  if  the  corre- 
sponding parts  be  measd  in  both  cases.* 


•  We  may  even  take  any  tingle  oblique  measurement,  as  ab,  Im,  ne.  ad,  Ac.  and  oall  it  both  lbs 
breadth  and  the  depth.    This  applies  to  recungttlar,  or  to  any  other  shaped  bean*. 
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Art.  »0.  Allowable  deflection  in  practice.  The  extent  to  which  * 
beam  may  bend  under  even  a  perfectly  safe  load,  may  be  too  great  for  many  purposes 
iu  every-day  practice.  Tredgold  and  others  assume,  that  in  order  not  to  be  observed, 
or  that  it  may  not  cause  the  plaster  of  ceilings  to  crack,  Ac.,  a  beam  should  not 
deflect  at  its  canter  more  than  one  four  hundred  and  eightieth  of  its  span,  or  one 
fortieth  of  an  inch  per  foot.  Bat  one  three  hundred  and  sixtieth  of  the  span,  or  one 
thirtieth  of  an  inch  per  foot,  is  now  generally  regarded  as  the  allowable  maximum 
deflection.  Thus,  if  its  span  be  15  feet,  a  beam  should  not  bend  more  than  15 
thirtieths  of  au  inch  or  %  an  inch,  which  is  also  one  three  hundredth  and  sixtieth 
of  16  feet. 

Shafts  of  wheels  in  machinery  should  not  deflect  more  than  half  of  this,  nor  a 
bridge  more  than,  say  one  twelve  hundredth  of  its  span,  or  .01  inch  per  foot,  under 
its  heaviest  load. 

If  we  call  the  greatest  allowable  deflection  in  inches  per  foot  of  span.  "  D9"* 
the  formula  p.  508  for  total  center  loud  (including  .G25  of  the  weight  of  the 
clear  span  of  the  beam)  becomes 

j*  ,    ».         DX  span  in  feet  X  depth*  in  inches  X  breadth  in  inches 

load*  in  lbs  =  — ^— - 5 j-. — .    .  w r — — — ™ 

8pans  in  feet  X  constant,  p  507 

_  D  X  depth*  in  inches  X  breadth  in  inches 
~~  Span8  in  feet  X  constant,  p  507 

Extraneous  center  load  _  total  load  found      /weight  of  clear  \ 

in  lbs  ~         as  above      —  ^  span  of  beam  X  •*><«> ' 

For  the  total  uniformly  distributed  load 

1.6  X  D  X  depth8  in  inches  X  breadth  in  inches 


load*  in  lbs 


Span8  in  feet  X  constant,  p  507 


Extraneous  uniformly  _  total  distributed  load  _  weight  of  clear 
distributed  load  in  lbs  found  as  above  span  of  beam 

To  And  the  breadth  required: 

Breadth  in  inches  _  extraneous  center  load  in  lbs  X  span8  in  ft  X  constant  p507 
approximately      -  j^  depth8  in  inches 

For  a  closer  approximation,  add  to  the  breadth  so  found 

.625  X  weight  of  clear  span  of  beam 


said  breadth  X 


center  load  in  lbs 


The  sum  will  still  he  a  mere  trifle  too  small. 

If  the  load  is  uniformly  distributed,  use  distributed  load  X  '625, 
instead  of  center  load,  in  the  first  formula  for  breadth.  For  a  closer  approxima- 
tion, add  to  the  breadth  so  found, 

,j  ».      *+x.  x.  weight  of  clear  span  of  beam 

said  breadth  X  — 77 -r— 3 

uniform  load 

The  sum  will  still  be  a  mere  trifle  too  small. 
To  find  the  depth  required 


isontli  '/extraneous  center  ^  span8  in  v,  coustant, 

In  inches      =  xj       '<>*<*  *" »»         X       feet     X      p807 
approximately         *  D  X  breadth  in  inches 

Then  calculate  the  wt  of  the  entire  clear  span  of  a  beam  having  this  depth, 
mult  it  by  .625,  and  add  the  prod  to  the  neat  center  load.  Consider  the  sum  as 
a  new  neat  center  load;  and  using  it  instead  of  the  one  first  given,  go  through 
the  whole  calculation  again,  for  a  new  depth.  This  will  be  the  reqd  depth  more 
approx,  but  a  little  too  small. 

If  the  neat  load  is  uniformly  distributed,  first  mult  it  by  .625.  Use 
the  prod  as  a  center  load,  and  by  the  foregoing  formula  find  first  the  approx 
depth.    Then  calculate  the  wt  of  the  entire  clear  length  of  a  beam  having  that 

•  Wbeu  D  =  ^  (<  a  when  the  greatest  allowable  deflection  la  s=  ^l-  span)  see  tables  pp  US, 
513. 
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depth.  Mult  this  wt  by  .625,  and  add  It  to  the  prod  used  as  a  center  load.  Con- 
sider the  sum  as  a  new  center  load  ;  and  using  it  instead  of  the  one  first  used, 
go  through  the  whole  calculation  again,  for  a  new  depth.  This  will  be  the  reqd 
depth,  approx,  but  a  mere  trifle  too  small. 

To  find  the  side  required  for  a  square  beam 


Side  of  sauare  */ extraneous  center  y,  span* in  Y   constant, 

beam  ininches    =  \/        load  in  lbs         A      feet     *      p507 
approximately  *  D 

The  fourth  root  is  —  the  square  root  of  the  square  root. 

For  a  closer  approximation,  find  the  weight  of  a  square  beam  with  the  side 
last  found.  Multiply  it  by  .625,  and  add  the  product  to  the  extraneous  center 
load.  Employ  the  formula  again,  using  this  increased  load  instead  of  extrane- 
ous center  load.    The  side  thus  obtained  will  still  be  a  mere  trifle  too  small. 

To  find  the  diameter   required  for  a  solid  cylindrical 


;/- 


Diameter  1.7  x  extraneous  center       span*  in         constant 

in  inches      _  -%  /  load  in  lbs         *      feet      *       p  507 

approximately 


The  fourth  root  is  —  the  square  root  of  the  square  root. 

For  a  closer  approximation,  find  the  weight  of  the  clear  span  of  a  beam  with 
the  diameter  just  found.  Multiply  said  weight  by  .625.  Ada  the  product  to  the 
original  given  center  load.  Then  repeat  the  formula,  using  the  sum  last  ob- 
tained, instead  of  extraneous  center  load.  The  resulting  diameter  will  still  be 
a  trifle  too  small. 

The  stillness  of  a  cylinder  is  to  that  of  a  square  beam,  whose  breadth 
and  depth  are  each  equal  to  the  diam  of  the  cylinder,  as  .589  to  1 :  or  that  of  the 
square  one  is  to  that  of  the  cylinder  as  1  to  .589,  or  as  1.698  to  1 ;  in  practice  we 
may  use  .6  and  1.7.  Hence,  the  cylinder  will  bend  1.7  times  as  much  as  a  square 
one,  under  the  same  load. 

When,  in  any  of  the  foregoing  cases,  the  beam  is  inclined,  Fig  11, 
p  496,  take  the  horizontal  distance  oy  for  the  span,  instead  of  oc 
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Art.  33.  Table  of  tcrealest  een tor  load*  of  nqnarn  beams  of 
caa(  Iron,  supported  tit  bnth  ends,  and  reqd  not  to  bend 
more  than  /„  "f  »n  f  neb  pep  foot  or  clear  length,  or  5|, 
part  of  the  span.    For  W.  Pine  dit  bj  12;  or  In  prattles  by  la. 

Wrought  iron  will  bear  about  }  more  thin  cut,  with  tbt 
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A  single  beam  of  wood  under  eaen  mil,  and  firmly  braced  against 
lateral  motion,  will  suffice  for  light  railroad  bridges  of  very  small  span.  If  single 
Iwams  of  sufficient  depth  cannot  be  procured,  buiU-beanu  may  be  used ;  see  g,  and  **/. 
Figs  62,  p  613.  Assuming  the  weight  of  entire  bridge  and  load  at  two  tons  per  foot, 
the  following  dimensions  may  be  used: 


Span  in  Ft. 

Sice  or  Beam. 

Span  In  Ft. 

Sixe  of  Beam. 

5 

10 
V2H 

8  X  10 1m. 

9  X  13    " 

10  X  14   " 

11  X  16    " 

15 

nH 

20 

22* 

12X18 
13X20 
14  X  22 
16X24 

The  greatest  dimension  to  be  the  depth.    The  ends  should  be  well  bolted  down  to 
C 

""^cj  ^ — ■&-, — n Ub — »-bb n — J& 


S 


^ktei; 


bolsters.  These  are  long  stout  sticks  of  timber,  from  10  to  15  ins  square,  (accord- 
ing to  the  span,)  laid  across  the  abuts  at  the  bridge-seat,  for  the  chords  to  rest  on. 
Frequently  two  are  used  at  each  abut,  even  in  small  spans ;  4Uid  we 
have  seen  but  one,  under  railroad  spans  of  150«eet.  Large  spans  may  require  three 
or  more.  They  are  not  necessarily  placed  in  contact  with  each  other;  but  may  be 
some  feet  apart,  if  required. 

Or  for  spans  of  about  16  to  SO  ft,  we  may  use  somewhat  lighter  beams ;  and  truss 
each  of  them  as  in  Fig  52,  by  an  iron  bar  esc;  and  a  center  post  p.  In  this  case  the 
following  dimensions  will  answer ;  the  total  deflection  of  the  rod  being  ^  of  the 
clear  span.  The  screw-ends  of  the  bars  are  supposed  to  be  upset;  but  the  areas  are 
given  for  the  body  of  the  rods. 

For  each  beam. 


Span. 
Ft. 

Beam. 
Ins. 

Section  of  Rod. 
8qlaa. 

Section  of  Pott. 
Sq  Ina. 

15 
20 
25 
SO 

12X15 

13  x  n 

14  X  18 
15X20 

6 
7 

25 
83 

42 

60 

It  is  better  to  have  two  rods  instead  of  one  under  each  beam ;  each  rod  being  of  half 
the  section  here  given ;  and  the  two  placed  several  ins  apart.  This  affords  a  better 
footing  for  the  poet.  The  ends  of  the  beam  should  be  at  right  angles  to  the  direction 
of  the  rod ;  and  be  provided  with  ample  washers  e  e,  of  wood  or  iron,  for  distributing 
the  pressure  from  the  rod,  over  the  whole  area  of  the  ends.  The  ends  of  these  wash- 
ers may  extend  a  few  ins  each  way  beyond  the  sides  of  the  beam,  as  shown  on  a  larger 
scale  at  g.  This  allows  the  rods  to  be  outside  of  the  beam ;  instead  of  requiring  holes 
to  be  bored  in  the  latter,  for  passing  the  rods  through  them..  They  may  be  nearer 
together  at  the  foot  of  the  post. 

The  bead  of  the  post  may  be  tenoned  into  tbe  bottom  of  the  beam ;  and  be  farther  united  to  It  by 
iron  straps.  To  prevent  tbe  foot  from  being  worn  by  tbe  rods.  It  should  be  shod  with  Iron.  A  cast- 
iron  shoe,  as  at  «,  may  be  bolted  to  it;  having  ribs  for  keeping  the  bars  in  place.  Or  a  stout  wrought- 
iron  shoe  may  be  well  secured  to  it.  In  either  case  the  rod  at »  should  be  so  united  to  the  shoe  as  to 
check  any  tendency  in  the  foot  to  slide  toward  r  or  r,  under  the  vibration  of  passing  loads.  Perhaps 
this  oan  be  most  conveniently  done  by  making  eaoh  rod  «  $  e,  iu  two  separate  lengths,  r,  r;  and  by 
uniting  their  lower  ends  to  the  shoe  at  $  by  hooks  and  eyes ;  or  by  eyes  and  bolts,  Ac  Various 
methods  are  in  use  for  the  heads  and  feet  of  the  posts  of  large  spans ;  but  we  cannot  here  treat  upon 
details  whioh  pertain  more  to  the  professional  bridge-builder. 

This  mode  of  trussing  is  also  well  adapted  to  long  floor  beams ;  and  has  been  need  in  long  obllqos 
web- members;  as  well  as  in  long  stretches  of  chords  from  one  point  of  support  to  another. 
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Continuous  beans.    When  a  single  beam,  as  a  b,  Fig  40,  is  supported  not 
only  at  its  two  ends,  but  at  one  or  more  intermediate  points,  it  is  said  to  be  con- 
tinuous.   It  is  stronger  than  if  it  were  cut  into  two  parts,  ac,bc,  each  supported 
_.  at  both   ends;    because    the    tensile 

C  strength  of  the  particles  at  o  (lower 

Ai  __  lb        Fig)  assists  in  counteracting  the  bendg 

™  "88^?"       or  breakg  tendency  of  loads  on  the  in- 

termediate parts  om,ony  of  the  lower 
Fig.  These  particles  at  o  must  be  torn 
asunder  before  the  beam  (if  properly 
proportioned)  can  fail.  Such  a  beam, 
mn,  if  very  long  and  flexible,  will, 
under  its  own  wt,  assume  the  shape  of 
the  reversed  curve  msosn;  or  if  it  be 
stiff,  and  heavily  loaded,  the  same 
effect  will  follow.  The  points  s «,  at  which  the  curves  reverse,  are  called  the 
points  of  contrary  flexure ;  and  the  spans  are  virtually  reduced  from  mo 
and  no,  to  wx  and  ns.  When  the  beam  is  supported  at  only  3  points,  as  in  the  Fig, 
and  uniformly  loaded,  the  point  of  contrary  flexure  is  dist  from  the  central  support 
*4  of  the  span ;  so  that  each  span,  omyon,  becomes  virtually  reduced  about ^  part; 

and  the  defs  will  be  but  about  yq  as  great  as  if  there  were  two  separate  beams.  The 
sections  of  the  beam  at  *  and  s  will  then  experience  no  hor  strain ;  but  merely  the 
vert  one  arising  from  half  the  wt  between  m  and  *,  and  n  and  s.  The  position 
of  the  point  of  contrary  flexure  varies  with  the  number  of  interme- 
diate supports,  and  with  the  manner  of  loading ;  and  in  bridges,  Ac,  where  the  load 
moves  along  the  beam,  it  changes  its  place  during  the  transit, so  as  to  bring  the  points 
««  considerably  nearer  to  the  central  support  o;  thus  reducing  materially  the 'ad- 
vantage commonly  supposed  to  arise  from  connecting  together  the  ends  of  adjacent 
bridge-trusses ;  if  indeed  there  is  any  advantage  in  so  doing,  which  is  doubtful.  The 
principle,  however,  becomes  very  useful  in  the  case  of  long  rafters  or  girders,  stretch- 
ing over  several  points  of  support,  especially  when  uniformly  loaded.  Each  interval, 
except  the  two  end  ones,  will  have  two  points  of  contrary  flexure;  and  will  then  have 
nearly  twice  as  much  strength,  under  an  equally  distributed  load,  as  a  single  beam 
no  longer  than  said  interval. 
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Fig.  12. 


Fig.  13. 


Art.  33.     Strength    of  hollow 
lleams. 

During  the  preliminary  investigations 
relative  to  the  construction  of  the  Menai 
tubular  bridge,  a  few  experiments  were 
made  on  the  strength  of  hollow  cast-iron 
beams  of  circular,  oval,  square,  and  rectan- 
gular cross-sections,  supported  at  both 
ends,  and  loaded  at  the  center.  The  clear 
span  between  the  supports  was  in  every 
case  6  ft ;  the  thickness  of  metal  in  each 
beam,  %  inch ;  area  of  solid  cross-section 
of  each,  4.12  sq  ins.  The  mean  depth  o  o,  Fig  12,  of  the  circular  tube,  3}^  ins ;  of 
the  square  one,  Fig  13,  2% ;  of  the  oval,  4% ;  breadth,  2% ;  and  of  the  rectangular 
one,  mean  depth,  3%\  breadth,  1.833  ins.  From  these  experiments  Mr. Edwin  Clark, 
assistant  engineer  in  charge;  deduced  the  following  constants,  and  rules  for  center 
breakg  loads : 

Const  for  eirc  tubes,  .95  ;  oval,  1 ;  square,  1.14 ;  rectangle,  .91.    Then,  first 
finding  the  area  of  the  solid  part  of  the  cross-section  in  sq  ins, 

Area  of  solid  v  Mean  depth,  o  o,  .,  Corresponding 
*  in  ins  *       constant. 


Center  breaking 
load  in  tons 


in  sq  ins 


Clear  span  in  feet. 

Ex.  Circular  beam,  mean  depth  o  o,  3%  ins ;  area  of  solid  ring,  4.12  sq  ins ;  clear 
span,  6  ft.    Here, 

Area.   Mean  depth.  Const. 

4.12    X     35      X       95     =  2.28  tons,  or  5107  lbs,  breakg  load. 
6  (length.) 

The  thickness  of  the  cylinder  or  tube  is  about  JL  of  the  diam ;  and  as  a  mean 

of  3  trials,  it  broke  with  a  center  load  of  2.287  tons,  or  5122  lbs ;  span  6  ft.  Hence 
we  derive  for  similar  tubes,  the  constant  530,  to  be  used  in  the  rule,  Art  12 ;  that  is,  cen- 
ter breakg  load  in  lbs,  of  circular  cast-iron  tubes  with  a  thickness  of  one-tenth  of  the 

Cube  of  outer  diam  (in  ins)X  530 
outer  diam  =» Clear  span  in  feet ;  8UPPosill8  Mr-  Clark's  iron  to  have  been 

of  average  quality. 

The  average  breakg  load  of  3  square  beams  was  2.152  tons,  or  4820  lbs ;  of  the  rec- 
tangular ones,  2.3  tons,  or  5152  lbs ;  and  of  the  6  elliptic  ones,  3.207  tons, or  7183  lbs. 
To  all  the  foregoing  extraneous  loads  must  be  added  half  the  wt  of  the  beam  itself. 
See  Art  9. 

Our  rule  of  thumb,  p  495,  and  rule,  p  488,  give  breakg  loads  about  one- third 
greater  than  Mr.  Clark's  results,  except  for  the  oval  beam,  where  they  agree  closely. 
The  discrepancy  is  probably  due  to  difference  of  quality  of  material. 

Hollow  beams  of  thin  wrought  iron  were  experimented  on  at  the 
same  time ;  and  for  these  Mr.  Clark  deduced  the  following  constants,  to  be  used  with 
his  foregoing  rule  for  cast-iron  ones : 

Constants  for  thin  riveted  tubes,  circular,  1.74  ;  oval,  1.85 ;  rectangular,  1.96. 
welded  tubes,         "         1.09;     "     1.27;  "  1.51. 

Art.  34.  The  following  experiments  on  riveted  sheet-iron  eylindri* 

cal  beams  are  by  Fairbairn.  1st.  Cylinder  18  ft  long;  1  ft  outer  diam;  clear 
span  17ft ;  thickness  of  iron  .037,  or  JL  of  an  inch;  wt  of  tube  107  lbs. 
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Center  load. 

Lbi. 

1360  ..... 

1920  

2114  ..... 
2256 


Def. 
Int. 

.32 
.41 
.46 
.60 


Center  load., 
Lbs. 

2368  

Det 

Ins. 

60 

2480 

61 

2592 

61 

2704 

After  bearing  2704  lbs.  for  1J^  minutes,  failed  by  crushing  at  top. 
2d.  Cyl  16  ft  10  ins  long ;  12.4  ins  outer  diam ;  clear  span  15  ft  7%  ins ;  thickness  of 


iron  .113,  or  full  1  inch ;  wt  of  tube  392  lbs, 


Center  load. 
Lbs. 

2000   

Def. 
Ins. 

17 

4000 

34 

6000  

Jb2 

Center  load. 
Lbs. 

8000 

10000  

Def. 
Ins. 

84 

1.06 

11440 

With  11440  broke  by  the  tearing  of  the  bottom  across  the  shackle-hole  from  which 
the  load  was  suspended. 

3d.  Cyl  25  ft  lung ;  17.68  ins  outer  diam ;  clear  span  23  ft  5  ins;  thickness  .0631,  o? 
full  ^  inch ;  weight  of  tube  346  lbs. 

Center  load. 
Lbs. 

6000 


Center  load. 
Lbs. 


1000 
2000 
3000 
4000 


Def. 
Ins. 

.12 
.21 
.30 
.40 


6280 
5840 
6120 


Def. 
Ins. 

.48 
.51 
.60 
.71 


With  6400  broke  at  bottom ;  25  ins  from  center,  by  tearing  through  the  rivet-holes. 
4 til.  Cyl  25  ft  long;  18.18  ins  outer  diam ;  clear  span  23  ft  6  ins;  thickness  .119,  or 
scant  }/q  inch ;  wt  of  tube  777  lbs. 


Center  load. 
Lbs. 


2000 
4000 
6000 
8000 


Def. 
Ins. 

.15 
.30 
.43 
.59 


Center  load. 
Lbs. 


Def. 
Ins. 


10000 82 

12000 95 

13000 1.04 

14240 Broke. 


Broke  through  the  rivet-holes  3  ft  3  ins  from  center,  after  sustaining  the  load  for 
half  a  min. 

The  tubes  were  composed  of  sheets  about  2%  ft  wide ;  and  so 

long  that  a  single  sheet  sufficed  to  form  the  entire  circumf  of  the 

tube.    They  were  united  by  double-riveted  lap-joints.    The  loads 

were  placed  on  a  platform,  supported  by  a  rod  r,  Fig  14,  which 

passed  through  a  hole  h  in  the  bottom  of  the  tube  s.  This  rod  was 

attached  at  its  upper  end  to  a  block  of  wood  w,  rounded  at  its 

\^  lower  surface,  so  as  to  fit  the  tube. 

^  fa  Circular  blocks  of  wood  were  fitted  into  the  ends  of  the  tubes,  to 

prevent  them  from  crushing  at  those  parts  under  their  loads ;  and 

Fig.  14.       the  ends  rested  upon  blocks  hollowed  out  to  correspond  with  their 

cylindrical  shape,  to  a  depth  equal  to  about  %  part  of  their  diam. 
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Fig.  15. 


Hodffklnson'S  beams  have  nearly  1%  times  the  strength  of  a 

beam  of  equal  wt  whose  top  and  bottom  flanges 
are  equal.  Mr.  Hodgkinson,  having  found  that  on 
an  average,  cast  iron  reqd  about  6%  times  as  much 
force  to  crush  it  as  it  did  to  pull  it  apart,  contrived 
the  beam  (of  which  Fig  15  is  a  cross-section  at  the 
center)  in  which  the  upper  or  compressed  rib  or 
flange,  u,  has  but  %  of  the  area  of  the  lower  or 
extended  one,  6.*  The  top  flange  he  therefore  as- 
sumed to  be  safe;  inasmuch  as  its  area  as  some- 
what greater  than  the  proportion  of  1  to  6%;  and 
hence,  breaking  will  take  place  from  the  yielding 
of  the  bottom  flange  by  extension.  As  the  result 
of  his  experiments,  he  gives  the  following  rule, 
when  the  load  is  applied  at  top,  or  equally  on  both 
sides  of  the  beam.  See  Rem,  next  page. 
«  ^eJl*e.r  -»  Area  of  bot  flange  v  depth  oo  v  Constant 
Break*  load  ^  Insqlns  X     In  ins     X     2.166 

lu  tons  Clear  length  ln  feek 

When  the  lower  flange  is  as  much  as  about  2U  inches  thick,  experiments  show 
that  part  of  the  breakg  load  thus  obtained  should  be  deducted;  because  thick  castings 
are  proportionally  weaker  than  thin  ones.  Half  the  wt  of  the  beam  itself  must  be 
deducted,  for  the  neat  breakg  load ;  this,  however,  is  necessary  only  when  the  beams 
are  very  long ;  for  such  as  are  used  for  ordinary  building  purposes,  it  may  be  ne- 
glected. If  the  load  is  equally  distributed,  it  will  be  twice  as  great ;  but  the  entire 
wt  of  the  beam  must  then  be  deducted. 

Ex.  The  upper  rib  u  =  3  ins  X  1  inch  =  3  sq  ins  area;  bottom  rib  b  =  V£  ins 
X  12  ins  =  18  sq  ius  area;  total  depth  oo,  15  ins ;  clear  span,  20  ft.    Here, 

18X15X2.166  584.82  onrt    '„.        4.  .  .     A  .     ,  A.      ,,*.     . 

— — — ~p =  — — —  =  29.241  tons,  the  reqd  load,  including  \£  the  beam. 

Now  to  find  the  wt  of  half  the  beam,  we  may  proceed  thus:  Mult 
the  entire  area  of  its  cross-section  in  sq  ins,  by  the  clear  span  in  ins.  This  gives  us 
the  cub  ins  of  iron  contained  in  the  beam ;  and  these  div  by  8600,  give  the  wt  of  the 
beam  in  tons ;  because  8600  cub  ins  of  cast  iron  weigh  about  1  ton ;  or  near  4  cubic 
ins  1  ft).  Thus,  if  the  vert  rib  contains  12  sq  ins,  then  since  the  two  flanges  con- 
tain 21,  the  entire  section  is  33  sq  ins;  and  the  span  being  240  ins,  we  have  33  X  240 

=  7920  cub  ins  of  iron.    And  r-—  =  .92  of  a  ton,  the  wt  of  the  beam.    One-half 

ooOO 

of  this,  or  .46  ton,  taken  from  the  breakg  load  29.241  tons,  leaves  28.78  tons  as  the  neat 
breakg  load ;  showing  that  in  such  cases  as  this  it  is  scarcely  worth  while  in  practice 
to  make  the  deduction.  These  beams  are  not  always  made  of  the  same  section 
throughout,  (see  Fig  16,)  but  diminish  toward  the  ends;  this  method  is  therefore  not 
always  strictly  correct,  but  no  great  accuracy  is  needed  in  such  cases. 

To  find  the  slse  of  a  Hodvltlnsen  beam,  reqd  to  break  trader 
a  fives  center  load,  bavins;  the  depth.  Mult  the  given  load  in  tons 
by  the  clear  span  in  feet.  Mult  the  constant  2.166  by  the  total  depth,  oo%  in  ins. 
Div  the  first  prod  by  the  last;  the  quot  will  be  the  area  of  the  bottom  rib  in  sq  ins. 
This,  div  by  6,  will  be  the  area  of  the  top  rib-  The  bottom  rib  is  usually  made  from 
6  to  8  times  as  wide  as  it  is  thick;  and  the  top  one  from  3  to  6  times,  The  thickness 
of  the  stem  is  usually  a  little  greater  at  bottom  than  at  top;  the  average  thickness 
being  from  -fa  to  ^  of  the  depth  of  the  beam.  See  Rem*  next  page. 
To  save  Iron,  the  width  of  the  bottom  flange*  and  of  the  top  one  also  if  thought 

proper,  may  be  reduced  by  curves 
to  about  ^i  as  great  at  each  end 
of  the  beam  as  at  its  center;  as 
shown  by  the  middle  sketch  of 
Fig  16,  of  which  the  upper  sketch 
is  a  side  view.  Or,  leaving  the 
dimensions  of  those  flanges  on- 
altered,  the  depth  of  the  vertical 
rib  may  be  reduced  toward  the 
ends,  as  shown  by  the  lowest 
sketch.  The  theoretical  carve  is 
here  an  ellipse.  When  the  width 
is  reduced,  the  very  ends  may,  for  stability,  be  widened  out,  as  at «,  which  Is  a  top  view. 

The  vert  rib  Is  generally  strengthened  by  eastlns;  brackets 


FJg\  16. 


*  In  practice  %  is  much  better  and  safer  than  }£ 
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on  each  side  of  it,  as  in  the  tipper  sketch.  These  should  not  extend  entirely  to  tne 
upper  rib,  as  they  then  expose  the  beam  to  crack  as  it  cools.  To  prevent  this  tend- 
ency, they  may  be  attached  alternately  to  the  top  and  bottom  ribs.  The  upper  ones, 
however,  are  rarely  needed. 

In  designing  these  beams,  as  well  as  in  all  other  castings,  it  is  important  to  avoid 
sudden  transitions  from  thin  to  thick  parts ;  and  to  keep  all  parts  as  nearly  as  possi- 
ble of  the  same  thickness.  Otherwise  the  castings  are  apt  to  warp  and  crack  in 
cooling.  Also,  bear  in  mind  that  the  resistance  or  strength  per  sq  inch  is  considera- 
bly less  in  thick  castings  than  in  thin  ones. 

Rem.  The  above  rule  for  breakg  loads  is  safe  when  the  load  is  equally  disposed 
on  top,  or  on  each  side  of  the  vert  web ;  and  when  said  web  and  the  flanges  are  pro- 
portioned to  each  other  about  the  same  as  those  used  in  Mr.  Hodgkinson's  experi- 
ments. But  subsequent  investigators  have  found  his  beams  to  break  with  but  little 
more  than  half  the  loads  given  by  the  rule,  when  applied  to  only  one  side,  as  bo,  or 
wo,  Fig  15,  of  the  top  or  bottom  flange.  W.  H.  Barlow,  C.  £.,  London,  experimenting 
since  Hodgkinson,  finds  that  when  a  cast-iron  beam  is  liable  to  be  loaded  on  only  one 
side  of  the  flange,  the  top  flange  should  have  an  area  equal  to  %  that  of  the  entire 
cross-section  of  the  beam ;  and  for  beams  so  proportioned,  he  gives  the  following : 


Center         /Areabot  fenge\  .  /Half  «~*WK  to  S'Sftx 
breaking       (      in  sq     6      )+(    „rt  rib    JHSntndltTnW* 


load, 
in  tons 


,  Constant 

2  •-".»•* 


Clear  span  in  feet. 

Other  experimenters  recommend  that  even  for  loads  pressing  vertically  through  the 
upright  rib,  tho  lower  flange  should  have  but  about  3  instead  of  6  times  the  area  of 
the  upper  one.   Cast  beams  should  always  be  tested. 

The  average  ultimate  resistance  of  steel  to  compression  being  about  twice  that  to 
extension,  a  Hodgkinson  beam  of  that  metal  should  have  its  lower  flange  of  twice 
the  area  of  its  upper  one.    Mueh  uu certainty  exists  in  the  whole  matter. 

Art.  36.  For  tne  purpose  of  ready  reference,  we  give  a  few  ex- 
perimental results  with  cast-iron  beams  of  various  shapes :  being  the  actual  center 
breakg  loads  in  tons  of  sound  beams.  Some  beams  of  Sterling's  toughened  cast 
iron  gave  results  full  %  higher  than  those  of  common  iron. 

Actual  center  break*  loads  in  tons,  of  cast-Iron  beams.  Clear 
spans  in  feet.    Breadths  and  depths  in  inches. 


&     Span  4U  ft. 
Br  load  2  tons. 


-      The  above  inverted. 
b      Br  load  2.3  to  2.9  tons. 


*x  A  ira™a<e    Span4Wft. 

^JP^«    Br  load  .125  ton. 


The  above  inverted. 
Br.  load  .4  ton. 


.82-1  * 


2.  27*.  5  dskm 


6x1* 


Spanll^ftf 
Br  load  20  tons. 


Span  18  ft. 

Br  load  22  to  28  tons 


8£xli« 


£      Span  4%  ft. 
u£  (3.7  tons 

Br  load<      to 


(     4.2. 


00     Span27%ft4 
*~    Br  load  29J^  t 


tons. 


•  As  shown  by  dd,  Fig  15. 

t  "After  bearing  17  tons,  the  beam  was  unloaded,  and  its  elasticity  appeared  to  be  bnt  little  if  at  all 
Injured."    Def  under  4%  tons,  .15  inch ;  8^  tons,  .3  inch ;  17  tons,  l.l  inches. 
t  About  two  hundred  of  these  beams  were  tested  by  center  loads  of  12  tons.    Def  HU>H  Inch. 


520 


STRENGTH  OF  MATE&IALS. 


Span  15  ft. 

Br  load  12^  tons. 


6-5x1 

1.75  x.42  zgp  A 

.29    |  9 

1. 77x59  A  v 
2. 33  x.  31 


< 


Span  4  V  ft. 
Br  load  3  tons. 


Span  \y~  ft. 
Br    load    10.5   to 
11.6  tons. 


3£x1£- 


9**i 


*t*1± 


15X21 


Span  19  ft. 

Br  load  50  to  54  tons. 

By  formula,  p  488, 
it  should  have  been 
but  40  tons. 


Span  30%  ft. 
Br  load  68  tons.* 


In  describing  such  beams,  it  is  better  to  give  the  entire  depth  of  the  beam ;  foi 
when  the  depth  of  the  web  is  given,  doubts  arise  whether  it  ie  meant  to  include  the 
thicknesses  of  the  two  flanges,  or  not.  Every  writer,  almost,  that  we  have  seen, 
leaves  us  in  this  doubt. 

Rem..  In  beams  either  larger  or  smaller  than  these,  but  whose 
cross-sections  are  proportioned  exactly  as  these  are,  and  whose  spans  are  the  same 
that  these  have,  the  center  breakg  loads  will  be  as  the  cubes  of  their  cross-section 
lines.    Thus,  in  a  beam  which  is    i      ,  ya  ,  %  ,  2,  3,  or  10  times  as  large  every 

way,  except  in  span,  -~ : 

the  breakg  load  will  be  Ttfoff  *  iJ  y  %  »  8,27,  or  1000  times  as  great. 

If  the  spans  also  differ,  first  find  the  load  as  above,  as  if  they  were  the 
same ;  then  say,  as  the  new  span,  is  to  the  span  given  in  our  Figs,  so  is  the  breakg 
load  thus  found,  to  the  actual  breakg  load  for  the  new  beam.  Thus,  suppose  we  wish 
to  make  a  cast-iron  beam,  4  times  as  large  every  way  as  the  dimensions  given  in  the 
first  of  these  Figs ;  except  its  span,  which  is  to  be,  say  10  ft,  instead  of  £%  ft.  Here 
the  first  breakg  load  is  found  tobe4X*X4  =  64  times  as  great ;  or  2  tons  X  64 
—t  126  tons.    Next, 

New  Span.       Spau  in  Fig.  First  load.  Actual  load. 

10         :         4.5         ::         128         :         57.6  tons. 

In  such  cases  we  must,  however,  have  regard  to  Rem  T,  Art  11,  p  494.  The  fore- 
going process  applies  equally  to  beams  of  any  other  shapes,  such  as  the  following 
ones ;  or  whether  solid  or  hollow,  Ac ;  and  of  any  other  materials ;  so  that  if  we 
have  all  the  dimensions,  and  the  breakg  load  of  any  beam  whatever,  we  may  find 
that  for  another  one  of  the  same  material,  and  of  the  same  proportions  of  cross-sec- 
tion. It  may  become  advisable  in  important  cases,  to  even  make  one  or  more  model 
beams  of  some  hitherto  untried  form ;  and  to  break  them  in  order  to  find  the  breakg 
weight  of  the  actual  beam  of  the  same  material.  In  doing  this,  the  defs  should  also 
be  measd,  in  order  to  see  whether  those  of  the  actual  beam  may  not  be  too  great.  See 
Art  26,  <fec. 


*  This  iron  was  "  Sterling's  toughened,  '  having  about  16  per  oent  of  wrought  scrap  melted  in  it. 
Each  of  the  88  beams  was  tested  by  a  center  load  of  210  tons,  wbioh  produced  defs  of  from  K  to  X 
Inch.    Entire  length,  34K  ft. 
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Fig  18. 


Q 


Jtrtt-r 

Fig  10. 


Art.  37.  I  beams,  fig.  18;  Channels,  fig.  19;  s*d  Deck  beams,  fir.  20. 
are  made  by 

A.  A  P.  Roberts  &  Co.,  Pencoyd  Iron  Works,  office,  261  S.  4th  fit,  PhiladeipMt* 

New  Jersey  Steel  &  Iron  Co.,  Trenton,  N.J,  (represented  by  Morris,  Wheeler  k  Co.. 
16th  and  Market  Ste.,  Philadelphia ) 

Carnegie,  Phipps  &  Co.,  Limited,  Pittsburgh,  Pa. 

Phoenix  Iron  Co.,  PhcenixviHe,  Pa.,  office,  410  Walnut  St.,  Philadelphia. 

Passaic  Rolling  Mill  Co.,  Pzuierson,  N.  J.,  office  Astor  House,  New  York  City. 

Pottsville  Iron  &  Steel  Co.,  Pottsville,  Pa. ;  and  others. 

Price,  Philadelphia  1888,  3.3  cents  per  lb.  cut  to  specified  lengths  not  exceeding 
86  feet  For  extra  lengths,  punching,  framing,  etc.,  address  as  above.  Special  dis- 
c  >unts  on  large  orders. 

Our  tables,  pp.  5*3,  etc.,  give  the  principal  s'zes  (including  the  largest  and 
smallest)  made  In  America.  We  give  the  maximum  and  minimum  thicknesses 
of  web  for  each  pattern.  Auy  desired  thickness  between  these  extreme*  can  be 
furnished.  Th*  width  ».{  flange  increases  equally  with  the  thick  net*  of  web;  but 
the  thickness  of  flange,  at  root  and  at  base,  for  any  given  pattern,  are  the  same  for 
ail  thicknesses  of  web. 

Ill  Belgium,  I  beams  are  rolled  as  large  as  21.5  ins  deep;  334  lbs  per  yd. 
Agents  jJ.  H.  Jackson  A  Co.,  208  Franklin  St,  New  York;  Eeherick  &  Co,  263  S. 
4th  St,  Philadelphia.  ' 

Id  auy  bar,  beam  etc,  of  wrought  iron,  of  uniform  cross  section, 

Weight  per  lineal  _  area  of  cross  section,  v  1ft 
yard,  in  pounds  jn  square  inches     x  10 

»  of  eras*  section,  __  weight  of  beam  per  lineal  vard,  in  pounds 

in  square  inches  —  " — " rr : 

Strength.    Beams  of  good  wrought  iron  do  not  break  under  a  gradually  ap- 

{lied  load  until  after  they  nave  bent  so  much  as  to  be  useless.  The  ultimate 
oad  is  that  one  which  so  cripples  the  beam  that  it  continues  to  yield  indefi- 
nitely without  increase  of  load.  The  web  is  supposed  to  be  placed  vert,  as  in 
our  flies;  and  the  beam  supported  at  both  ends,  and  stayed  against  yielding 
sidewavs;  the  dist  apart  of  the  side  supports  not  exceeding  20  times  the  width 
of.  the  flange.    Then 

_  Tabular  coefficient,  for  cen  ult 

Center  ultimate  load  load*  for  the  given  size 

in  lbs,  including  half  wt  of  = „i~,  ,.>,..  in  <•; 

clear  span  of  beam  clear  8Pan  1D  ft 

Sxtr&ueous  cen  nft  load  =  cen  tilt  load  so  found  —  h^*tf  team*r 

Distributed  ultimate  lead  —  twice  cen  ult  load 

_    _  __    .-  _       _  ult  cen  or  distd  load 

Safe  cen  or  dlstd  load  *» , —   ■    +MA,  '.>  *'& 

req uired  factor  of  safety 

The  factor  of  safety  should  in  no  case  be' less  than  3.  When  the  load  is 
subject  to  variation  (see  p  435)  or  vibration,  or  is  liable  to  be  suddenly  applied, 
use  from  4  to  6.  The  factor  should  be  further  increased  when  the  length  of  beam 

•The  coefficients  are  the  enter  ultimate  load*  in  pounds  (including  half  the 
weight  of  the  clear  span  of  the  beam)  for  beams  of  one  foot  dear  span,  taking  42,000 
lbs  p.-r  square  inch  as  the  modulus  of  rupture  (p.  485.) 
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between  Intend  supports  exceeds  20  limes  the  width  of  flange;  until,  when  it 
reaches  70  rimes  mid  width,  the  factor  should  be  double  that  for  a  length  =  20 
X  width. 
Caution.    With  very  short  spans,  the  safe  load*  thus  found,  although  safe 

at  its  ends  a  greater  length' of  bearing  than  would  otherwise  be  needed.  See 
pp  436  lo  43S. 

To  find  wkal  beam  Is>  reejnlred  to  sustain  safely  a  given  axtmneons 
load  in  Ilia,  whet li hi  unif'.rmlv  distributed  or  applied  at  the  center.  If  uniformly 
distributed,  divide  it  by  2,  The  traot  Is  the  equivalent  seMer  load.  Then,  in  either 
case,  add  half  the  wt  of  the  clear  apan  of  the  beam  Itself.  Mult  together  the  sum. 
the  required  factor  of  safety,  and  the  clear  span  of  the  beam  In  ft.    Use  any  desired 

For  the  d election  In  ins  at  the  center  of  the  length  of  the  beam,  under  any 
load  less  than  half  toe  nlUaate  load ; 

Load  in  lbs  X  Cube  of  clear  span  in  It 


each  wall  an  angle   iron,  a,  or  a  lee  Iron   (eee  pp.  6S8,  etc.)  Is 

.nstead  of  a  beam.    The  spandrels  are  Leveled  up  with  concrete, 

enclosing  wooden  strips  m  m,  about  1  Inch  X  2  indhea,  two  over  each  arch.     T* 

The  weight  ol  a  (inch  arch,  with   Its  concrete  Oiling  and  < 
aicluilve  of  the  beams,  ia  about  TO  11a.  per  square  foot  of  floor. 


Bee  foot  notes  pp.  «M  and  Hi, 


I  hardly  weigh  more  than  80  lbs.  per  aqnara  dot 


Me.  22  shows  the  u-nal  manner  of  centering  the  arches.     Each  center,  ■ 
fa-tened  to  it  st  each  end  a  b  nt  iron  strap  k.  forming  a  hook  bj  whteh  ths  i 
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STEEL  I  BEAMS  AND  CHANNELS, 

made  by  Carnegie,  Phipps  &  Co.,Xim.,  Pittsburgh*  Pa* 

Prices  per  pound  the  same  as  for  iron,  p.  521. 

For  strengths  use*  the  formulae  ou  p.  521,  but 
with  coefficients  taken  from  the  following  tables.  These 
coefficients  are  based  upon  an  assumed  ultimate  longi- 
tudinal or  "  fibre"  strain  of  64,000  pounds  per  sq.  in. 

Coefficients  for  deflection  in  the  formula  on  p. 
522 ;  beam  supported  at  both  ends : 

Loaded  at  the  center ;  constant  =  12000. 
Loaded  uniformly ;       constant  =  19500. 

See  also  formulas  for  deflection,  p.  505  a. 

Carnegie  Steel  I 


xf 


B 
B 
B 
B 
B 
B 
B 
B 
B 


B10 
BU 
B12 
B13 
BU 
B15 
B16 
B17 
B18 
B19 
B20 
B21 
B22 
B23 
B24 


is 

*& 

+3  « 

6-2 

©.a 

!l 

1* 

•Sua 

fit 

1 

24 

6.95 

0.50 

20 

7.00 

0.60 

2Q 

6.25 

0.50 

15 

6.40 

0.77 

15 

6.04 

0.54 

15 

5.75 

0.45 

15 

5.50 

0.40 

12 

5.50 

0.39 

12 

5.25 

0.85 

10 

5.00 

0.37 

10 

4.75 

0,32 

9 

4.75 

0.31 

9 

4.50 

0.27 

8 

4.50 

0,27 

8 

4.25 

0.25 

7 

4.25 

0.27 

7 

4.00 

053 

6 

3.63 

0,26 

6 

SJW 

023 

5 

3.13 

056 

5 

3.00 

052 

4 

2.75 

0.24 

4 

2.63 

050 

4 

2.18 

0.18  1 

Thickness 
of  flange 
fn  inches. 


At 

root. 


1.12 
1.14 
0.98 
153 
1.07 
0.95 
0.78 
0.88 
0.72 
0.82 
0.65 
0.75 
0.60 
0.67 
0.56 
0.65 
0.53 
0.59 
0.50 
0.54 
0.44 
0.49 
0.38 
0.38 


At 
edge. 

0.60 
0.66 
0.55 
0.84 
0.73 
0,55 
9.40 
0.60 
0.35 
0.47 
0.32 
0.42 
058 
0.35 
0.26 
0.35 
0.25 
0.34 
0.25 
0.33 
053 
020 
050 
0.14 


• 

CO 

•a 

»•  l  a 

**& 

Weight  per 
yard  in  poun 

Coefficient  f 
ultimate  ce 
ter    load  * 
pounds. 

qo 
S 

l£4 

ill 

240 

3661000 

1.34 

240 

3091200 

1.39 

192 

2444800 

1.20 

240 

2235400 

1.35 

180 

1832600 

1.32 

J50 

1506600 

1.20 

123 

1206400 

1.08 

120 

1000200 

1.20 

96 

790400 

1.04 

99 

688000 

1.10 

76.5 

527600 

0.99 

81 

524400 

1.07 

63 

399800 

0.95 

66 

383200 

1.01 

54 

308000 

0.91 

60 

302800 

0.97 

46.5 

235200 

0.87 

48 

203600 

0.8$ 

39 

167000 

0.77 

39 

134000 

0.72 

30 

105800 

0.66 

80 

82400 

0.65 

22.5 

62800 

0.58 

18 

48800 

0.45 

Moment 

of 
inertia. 


About 
XY. 


2059.8 

1449.2 

1146.0 

785.9 

644.0 

629.7 

424.1 

281.3 

222.3 

161.3 

128.7 

110.6 

843 

71.9 

57.8 

49.7 

38.6 

28.6 

23.5 

15.7 

12.4 

7.7 

5.9 

4.6 


About 
WZ. 


41.6 
45.6 
27.8 
42.1 
80.4 
21.0 
14.0 
16.8 
10.3 
11.8 
7.32 
9.16 
5.54 
6.62 
4-86 
JUB 
8.47 
35a 
.2.27 
150 
159 
152 
0.75 
0.36 
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CI 

J15 

8.78 

.78 

.70 

.40 

153. 

1109400 

.85 

390.0 

10.88 

tw 

3.40 

.40 

.70 

.40 

96. 

809400 

.91 

284.5 

7.70 

C2 

)l2 

8.13 
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.30 

90.75 

547200 
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4.87 

112 
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.80 
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60. 

419200 
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C8 
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1  10 
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i  9 
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58.5 
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54 
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54 
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C5 

J    8 
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207400 
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I  » 
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52 
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146200 
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06 

J   7 
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43.5 

150000 
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24.6 

1.16 

t  7 

2.00 
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.38 
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106200 
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17.4 
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C7 

J    6 

2.14 
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110800 
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1    6 
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78800 
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C8 

J   5 
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.18 

30.75 

78000 
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t  5 
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J    4 
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24.75 

51400 

.48 

4.8 
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1  4 
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.17 

15. 

37400 

.40 

15 

M 

SEPARATORS  FOR  I  BEAMS.  528  d 

STANDABD  1EPABATOBS  FOB  CARNEHU)  ROUE* 
HTEEE.  I  BEAMS. 

Price  per  pound  of  separators  and  bolt*  the  tame  aa  that  of  iron  or  steel 


t         @t 


Beaai. 

Separator. 

B*lta. 

Weight,  1  be.,  or 

Weight,  ite,  of 

i 

€ 

1 

i 

8| 

=  3 

oneaeparator. 

1 

j 

J 

i 

i 

5 

one  bolt  and  nut. 

1 
1 

| 

S3 

5  =  3 
1" 

i 

III 

B    I 

24 

240 

141 

31! 

5! 

2 

2| 

.165 

B    2 

20 

240 

14J 

24J 

SA 

2 

2 

.165 

B   3 

20 

192 

is! 

22 

& 

. 

2 

2 

J65 

B  4 

15 

240 

is! 

13 

1 

2 

.125 

B   5 

15 

180 

12! 

12 

1 

.125 

B   6 

15 

150 

121 

12 

i 

2 

.125 

B   7 

IS 

123 

"! 

11 

I 

2 

.125 

B   8 

12 

120 

US 

9 

■A 

2 

.125 

B    9 

12 

96 

!! 

9 

it 

2 

.125 

K   8 

12 

120 

9 

'f' 

.125 

B   9 

12 

» 

9 

it 

.125 

BIO 

10 

99 

101 

7 

1A 

.125 

Bll 

10 

70.5 

101- 

H 

H 

.125 

B12 

9 

81 

ioI 

si 

It 

.125 

B13 

9 

63 

91 

6 

1 

.125 

B!4 

8 

66 

H 

51 

H 

.125 

BIS 

8 

54 

91 

6, 

t! 

t 

.125 

B16 

7 

60 

9 

45 

(1 

i 

.125 

B  17 

7 

40.5 

81 

41- 

}• 

t 

.125 

B18 

6 

48' 

n 

2£ 

1 

.125 

E19 

6 

39 

?\ 

2| 

A 

I 

.125 

B;!0 

6 

39 

61 

A 

.125 

B21 
B22 

S 
4 

30 
30 

S! 

I* 

S 

I 

■ 
■i 

.125 
.125 

BiK 

4 

aas 

5! 

1 

1 

I 

1 

.125 

A  aMneti  buaiue  are  wade 


t:Ks 


•iff:.* 
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ttottod  iron  I  teams  r#*  railroad  fc«4o%e»  of  short  span. 

(See  pp.  521,  etc.)  A  single  7-inch  bean,  88  lbs  per  yard,  under  each  rail,  will  suffice 
for  3  or  4  ft  span ;  one  of  15  inch,  200  lbs,  for  8  or  10  ft ;  two  of  12  inch,  194  lbs,-side 
by  side  nnder  each  rail,  as  in  Figs  50  A  and  50  B,  for  12  to  14  ft ;  and  two  of  15  inch, 
145  lbs,  under  each  rail,  for  15  ft.  By  employing  a  greater  number  of  beams,  or  by 
introducing  a  truss- rod,  r  r,  Fig  52,  p  514,  the  spans  may  be  increased,  or  lighter 
beams  be  used.  Care  must  be  taken  to  insure  lateral  stability,  by  means  of  hor  ties 
and  struts. 


*Pig.50-^ 


INCHES 


Figs  50  A  and  50  B,  for  which  we  are  indebted  to  the  courtesy  of  Mr.  Jon.  M. 
Wilson,  G  E,  Engr  of  Bridges  and  Buildings,  Pen  rialtBV  illustrate  a  standard 
form  of  rolled  beam  girder  in  use  on  that  road.  For  spans  of  14  ft,  each  beam  is  12 
inch.  180  lbs  per  yd;  for  15  ft,  15  inch,  150  lbs.  The  two  beams,  BB,  forming  a 
girder,  are  held  at  the  proper  dist  apart  from  each  other  by  separators,  8,  each  of 
which  consists  of  a  short  piece  of  channel  iron  placed  vertically,  and  haying  its 
flanges  riveted  to  the  webs  of  the  beams.  On,  some  roads,  casMron  separators,  and 
bolts  which  pass  through  them  and  through  the  webs  of  the  beams,  are  used  in* 
stead.  The  longitudinal  dist,  R  R,  Fig  50  A,  between  the  separators,  is  about  5  times 
the  depth  of  the  beam. 

At  the  same  points,  R  R,  dec,  of  the  span,  are  placed  transverse  tie-struts,  T,  Fig 
50  B,  each  composed  of  two  4-inch  21  lb  channel  bars  placed  back  to  back  (so  as  to 
form  an  I)  bnt  %  inch  apart.  Between  the  two  Channels  are  riveted  angle-plates, 
A  A,  %  inch  thick,  the  flanges  of  which  are  fastened  to  the  webs  of  the  inner  beams 
of  the  girders  by  the  same  rivets  which  hold  the  separators."  At  their  centers,  the 
two  channel-bars  are  separated  by  a  piece  of  bar-iron,  %  inch  thick  X  4  ins  square, 
riveted  between  them,  as  shown.  The  cross-ties,  notched  to  the  girders  as  shown, 
give  additional  lateral  support. 

At  the  ends  of  the  span,  the  lower  flanges  of  the  beams  are  riveted  to  rectangular 
"  bolster-plates,"  P,  which  rest  upon  slightly  larger  wall -plates,  W. 
The  rivets  are  counter-sunk  under  the  plate,  P.  Both  plates  are  of  rolled-iron,  % 
inch  thick.  They  are  held  in  place  on  the  abuts  by  bolts  passing  through  both  plates 
as  shown.  At  one  end  of  the  span,  the  bolt  holes  in  the  bolster  plate  are  slightly 
elongated,  to  allow  for  contraction  and  expansion. 
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Ahgle  and  T  Iron. 

The  following  t Abies  give  the  slaes  made  by  A.  A  P,  Roberts  A  Co, 
Pencoyd  Iron  Works,  Phi  la.  They  also  make  "Square-root"  Angles, 
Fig  1,  from  linXlinXH»n  to  4  in  X  *  »n  X%  in.  Many  of  the  sices  in  these 
tobies,  and  others,  are  made  by  other  mills.  Prices,  Phi  J  a,  1888,  approximate; 
Angle  iron, 2^  cte  per  lb;  T  iron,  3  cts. 


c 


x 

4 


» 


Fi£l. 


Fig  2. 


The  sires  A  and  B  are,  in  all  cases,  measured  front  out  to  out,  as 

indicated  in  the  Figs. 

Aitffle  iron,  of  any  given  dimensions,  A  and  B,in  the  tables,  can  be  rolled 
to  any  desired  thickness  between  the  maximum  and  minimum  thick- 
nesses given  for  that  sise.  The  dimensions  A  and  B  vary  slightly  with  the  thickness. 
Those  giyeu  are  the  dimensions  corresponding  to  the  minimum  thickness.  In  order- 
ing angle  irou  of  thicknesses  between  the  max  and  min,  give  either  the  thickness 
in  ins,  or  the  wt  in  lbs  per  yard,  wanted ;  but  not  both. 

The  thickness  of  each  sise  of  T  iron  is  fixed  as  given  in  the  table, 
and  cannot  be  varied  except  by  changing  the  shape  of  the  rolls,  or  making  new 
ones.  This  is  always  expensive.  It  is  important,  in  designing, or  in  ordering  rolled 
iron  of  any  kind,  to  bear  this  in  mind,  and  not  to  introduce  sises  that  have  to  be 
specially  made. 

The  area  in  square  ins  of  cross  section  of  any  bar  of  rolled 

,      .-         ..         .        4.         .  ■       ,        its  weight  in  lbs  per  yd 
iron  of  uniform  dimensions  throughout,  is  = r^ • 

The  ultimate  or  crippling:  center  load,  for  a  beam  consisting 

r  T  iron,  supported  at  both  ends,  may  be  (bund  by  the 


of  a  single  bar  of  angle  or 

formula,  p  488,  using  the  moment  of  inertia  as  given  in  the  following  tables. 

approximately,  and  much  more  simply, 


Or, 


Hit  een  load  I 

in  lbs  f 


9«on  v    •*rea  of  Cross-    v    Bepth  of 
sow  *  gpction  jn  flq  jll8  A  Beam  in  ins 

Clear  span  in  ft. 


The  ultimate  distributed)  load  is  twice  the  ult  center  load. 

For  the  safe  center  or  distributed  toad,  divfde  the  ultimate  center 
or  distributed  load  (as  the  case  may  l>e)  by  the  required  factor  of  safety^  which 
should  in  no  case  be  less  than  8,  and  shonld  generally  be  from  4  to  6,  according  to 
circumstances. 

Under  any  load  less  than  half  the  ultimate  load; 


Deflection  in  ins 
at  center 
with  load  at  center  J 


*|        Load  in  lbs  X  Cube  of  clear  span  in  ft 

==    A&nnn  \s  Area  in  ^  Square  of  depth 
WWW  X    gq  il)8   X  in  inB> 


Deflection  in  ins 

at  center 

with  distributed  load 


}- 


Loud  in  lbs  X  Cube  of  clear  span  in  ft 


108000  X 


Area  iu  w  Square  of  depth 
sq  ins   *•  in  ins. 


The  break tns;  load,  for  a  column  consisting  of  a  single  bar  of  angle 
or  T  iron,  with  flat  ends,  firmly  fixed,  may  be  found  by  the  formula,  p  439,  using  the 
toast  radius  of  gyration  as  given  in  the  following  tables.  ' 
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Angle*  with  equal  leg*,  Fig.  3. 
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T  Iron  with  unequal  tegB*    (Using  the  lettering  of  Fig.  4.) 


Dimensions 
In  ins. 


A. 

2* 

u 

<« 


3 


(4 


5 

«< 


B. 


Thicknesses,  ina. 


Stem  B 


Base  A. 


5.88 
•7. 

8.75 

6.5 

9.1 
18.75 
21. 
11.2 
23.8 
28.25 
20.4 
21.25 
25.9 
41.8 
44.5 
30.7 
33. 
48.44 
44.1 


.01 

.05 

.10 

.01 

.10 

.56 

.83 

.19 

1.38 

3.12 

.68 

2.09 

1.94 

4.65 

5.27 

1.61 

1.68 

5.37 

6.24 


.13 
.26 
.43 
.12 
.33 
.55 
.55 
.41 
.63 
.61 
.58 
.82 
.86 
.88 
.91 
.72 
.70 
1.04 
1.09 


.17 

.27 

.43 

.18 

.32 

.66 

.75 

XI 

.82 

1.10 

M 

M 

.77 

1.09 

1.16 

.67 

.64 

1.05 

1.08 


528  BEAMS  WITH  THIN  WEBS. 

RESISTANCE   OF  •PKN   BKAMft* 

Beams,  Ac,  In  which  all  of  the  longitudinal  resistance  la 
regarded  as  being  exerted  by  the  flange*. 

Art.  1.  Oir  page 486  we  saw  that  the  strength  of  "closed"  beams,  or  lieanis  of 
solid  cross-section,  is  proportional  to  the  squares  of  their  depths ;  because  the  resist* 
ing  moment  of  each  fibre  is  proportional  to  the  square  of  its  distance  from  the  neu- 
tral axis. 
Art.  2.    Bat,  as  in  an  open  beam,  or  trust,  ixea  Fig  6  (or  In  a  closed  beam  with 

a  thin  web  w,  Fig  22,  p  537)  .we  may  place  as 
.  many  of  the  fibres  as  possible  iu  the  chords,  ix 
and  ea  Fig  6  (a  and  b  Fig  22)  or  as  far  as  possi- 
ble from  the  neutral  axis  n  Fig  6,  so  that  they 
may  exert  their  maximum  resistance.  The 
chords  are  thus  made  to  bear  most  of  the  hori- 
zontal or  longitudinal  strain.  For  conveni- 
ence's sake  we  assume  that  they  bear  it  alL 
For  the  resistance  of  the  teeb,  see  Art.  5,  p  529. 

It  is  plain  that  the  breaking  moment  of  the 

load  is  the  same  as  in  the  closed  beam  Fig  2,  p 

l¥      *     479,  =  (Fig  6)  the  load  X  its  leverage  (  ^  e a  or 

tMJZ=*'    %x)  about  the  neutral  axis  a.    But  the  reststiay 

moment  of  the  beam  now  consists  of 

(longitudinal  tensile     its  leverage  in*\       /longitudinal  compres-       its  leverage  % 
resistance  of  the    X  about  the  neu-1  +  isive  resistance  of  the  X«e*  about  the) 
upper  chord  ix  tralaxisn     /       \      lower  chorda  a  neutral  axis*/ 

_  sum  of  the  longitudinal  re-  y  -jf  deDth«  of  heam 
-  sistances  of  the  two  chords   x  IMUI  aeptft   or  Deam 

But  we  may  express  this  more  simply  by  regarding  the  neutral  axis  or  fulcrum  as 
being  at  the  inner  end  » or  e  of  one  of  the  chords ;  and  by  writing 

Moment  off  resist*  __  longitudinal  resistance  of  v  whole  depth 
anee  of  beam  either  one  chord  txorea    A  te*  of  beam 

So  long  as  the  beam  sustains  its  load,  the  longitudinal  resistances  of  the  two  chords 
are  equal,  although  the  longitudinal  strengths  of  one  or  of  both  may  be  much  greater 
than  this  resistance.  ■  If  the  strength  of  either  chord  becomes  less  than 

n    .  A  moment  of  rupture 

Resistance  =     .    A.  .    — 

depth*  of  beam 

then  that  chord  fails,  and  the  beam  gives  way. 
Hence  the 

maximum  or  ultl-       ultimate  longitudinal       „,.  .   jtMaM^m 
mate  moment  off   —  strength  of  the  weaker  x     •    ' J  ?2 
resistance  of  beam  chord  ix  or  ea  *  e  OI  Demm 

In  "closed  beams,"  as  explained  on  p  485,  the  longitudinal  tensile  and  com- 
pressive resistances  exerted  by  the  fibres  against  rupture,  are  aided,  to  an  important 
extent,  by  the  mutual  adhesion  of  the  fibres,  which  resists  their  sliding  upon  each 
other;  for  without  such  sliding,  rupture  cannot  occur.  But  in  "open  beams/' such  as 
we  are  now  treating  of,  the  thickness  of  the  flanges  or  chords  is  so  slight,  compared 
with  the  depth  of  the  beam  or  trass,  that  the  sliding  ltetween  their  fibres  becomes 
insignificant.  The  resistance  due  to  the  adhesion  of  the  fibres  to  each  other  is 
therefore  neglected,  and  the  flanges  are  regarded  as  sustaining  only  longitudinal 
tensile  or  compressive  strains. 

Art.  3.  Let  Fig  6  be  a  hor  open  beam  1.5  ft  deep  from  i  to  e,  and  projecting  6 
ft  from  a  wall  into  which  it  is  firmly  fixed  by  its  flanges  or  chords  i  and  e:  and 
let  the  concentrated  load  I*  at  its  outer  end  be  1  ton.  This  load  tends  to  poll  the 
beam  into  the  dotted  position  by  stretching  or  tearing  apart  the  fibres  of  the 
upper  chord  at  i.  Now  with  how  great  a  moment  of  rupture  does  it  tend  to  do 
this,  and  how  strong  must  the  fibres  of  the  chord  be  at  i  in  order  that  their  mo- 
ment of  resistance  may  oppose  it  safely  ?  We  shall  here  leave  the  wt  of  the  beam 
itself  out  of  consideration.    When  required  to  be  included  see  Case  6,  p482. 

*  The  deptha  and  half-depths  are  measured  from  the  centers  of  gravity  of  cross  aceUoo  of  ts* 
chords. 


BEAMS  WITH  THIN  WEB8.  529 

Regard  the  lines  i  e  and  e  a  as  the  two  arms  of  a  bent  lever  resting  on  its  ful- 
crum «.  This  lever  is  plainly  acted  upon  and  balanced  by  two  equal  moments, 
one  at  each  end  a  and  i ;  namely  at  a  the  moment  of  rupture  of  the  load,  equal  to 
(1  ton  X  6  ft  leverage  a  e)  «■  6  ft  tons ;  and  at  i  the  resisting  moment  of  the  beam, 
equal  to  the  hor  pull  or  strain  on  the  fibres  at  the  chord  t  X  1-6  ft,  leverage  i  & 
Bat  we  do  not  yet  know  what  amount  of  hor  pull  by  the  fibres  at  *  is  required  to 
balance  the  moment  of  the  load.  It  is  however  very  easily  found  by  merely  divid- 
ing the  6  ft  tons  moment  of  the  load  by  the  1<5  ft  leverage  of  the  fibres,  that  is,  by 
the  depth  of  the  beam.  Thus  we  get  (6-x- 1.5)  sr  4  tons  pull  at  i ;  and  we  then  fiave 
the  6  X  1  =-  6  ft  tons  moment  of  the  load,  balanced  by  the  1.5  X  4  =*  6  ft  tons  mo- 
ment of  the  fibres.  Therefore  in  order  just  to  balance  the  moment  of  the  load, 
the  chord  at  i  must  be  strong  enough  to  bear  a  hor  pull  of  4  tons ;  or  for  a  safety 
-of  8,  4  or  6.  Ac,  strong  enough  to  bear  a  pull  of  12, 16,  or  24,  Ac,  tons.  The  web 
members  or  course  carry  this  4  ton  hor  pulling  strain  from  the  upper  chord  to  the 
lower  one  upon  which  it  acts  as  an  equal  hor  compressing  one. 
In  shape  of  a  formula  the  above  stands  thus. 

Hor  strain  at  any      M?|f «"*  of <loftd      Load4  * L1?  leJen& 
point  in  a  hor  flange  ^    at  *"»*  P°ipt    ^       at  that  point 
of  an  open  cantilever        Depth  of  beam  Depth  of  beam 

Hence  if  we  know  the  size  and  of  course  the  ultimate  longitudinal  tensile  and 
compressive  strength  of  the  flange  or  chord,  we  have  by  transposition  the  ulti- 
mate or  breaking  load  of  the  hor  open  beam,  thus, 

Breaking  load  at  any     -  intimate  strength  of  flange  X  Depth  of  beam. 
point  of  a  hor  open  cantilever  Leverage  of  load  at  that  point. 

And  for  a  safety  of  3, 4  or  6,  Ac,  we  have 

ss  C   lAjfcd  —  ^>  K  or  K»  &c. the  "It  strength  of  flange  X  Depth  of  beam. 
~~  Leverage  of  load  at  that  point 


Art.  4.  Also  In  a  hor  opom  beam  o*  truss  supported  at  both 

■Mis,  after  having  found  the  moment  of  the  load  at  any  point  (by  "momeuts,"  p 
479,  Ac)  the  strain  on  the  beam  as  also  its  load  in  lbs  or  tons  are  found  iu  the  same 
way  or  by  the  same  formulas. 

Rem.  1.  The  longitudinal  strains  on  the  flanges  of  hor  dosed  beams 

with  thin  webs  such  as  common  rolled  I  beams,  as  welt  as  their  loads,  are  also  fre* 
quently  computed  in  this  same  ready  way,  instead  of  the  more  troublesome  one,  p 488. 
The  webs  are  left  entirely  out  of  consideration  as  regards  the  hor  strains.  Although 
not  strictly  correct,  it  is  sufficiently  so  for  ordinary  practice,  and  is  safe.  With  these 
assumptions  the  dimensions  or  sectional  areas  of  the  top  and  bottom  flanges  are 
proportioned  to  the  safe  unit  strains  of  the  material.  Thus  Hodgkinson  having 
found  that  the  ultimate  compressive  strength  of  cast-iron  averaged  about  6  times 
as  great  as  its  tensile  one,  gave  his  upper  flange  only  one-sixth  the  area  of  the 
lower  one,  in  order  that  both  should  be  equally  strong.  In  wrougmViron  the  ten- 
sile strength  is  somewhat  the  greatest,  which  would  lead  to  making  the  lower 
flange  the  smallest,  but  here  this  consideration  is  outweighed  by  the  practical 
ones  of  greater  ease  of  manufacture  and  of  handling  or  placing  which  require 
equal  flanges.' 

Rem.  2.  If  the  flanges  are  not  horizontal,  although  the  beam  or 
truss  itself  may  be  so,  the  longitudinal  strains  on  the  flanges  will  be  increased ; 
and  the  transverse  or  shearing  strains  on  the  webs  will  also  be  changed  as  stated 
in  Art*. 

Art.  5.  The  web  members  of  an  open  beam  or  common  truss  like  Figs 
10  and  11,  pftW,  uniformly  loaded,  carry  the  vert  or  shearing  forces  of  the  load 
and  beam  from  the  center  each  way,  up  and  down  alternately  from  one  chord  to 
the  other,  until  finally  the  end  ones  deposit  it  as  load  on  the  supports  or  abut- 
ments. For  each  member  receives  and  carries  its  share  of  the  shearing  force  in 
the  shape  of  an  end  load,  thus  changing  the  shearing  tendency  into  an  alternately 
pulling  and  compressing  one  according  as  the  alternate  members  are  ties  or  struts. 
fn  doing  this  any  weo  member  that  is  oblique  is  (on  account  of  its  obliquity) 
strained  to  an  extent  that  exceeds  its  load  in  the  same  proportion  that  the  oblique 
length  of  the  member  exceeds  the  length  it  would  have  bad  if  it  had  been  vert,  as 
explained  in  Art  11,  p  557,  Ac.   This  excess  of  strain  over  the  load  on  the  obliques 
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exhibit*  itself  at  their  ends  as  hor  pull  along  one  chord,  and  hor  compression  along 
the  other;  and  these  hor  strains  on  the  chords  are  the  same  as  those  found  by  mo- 
ments. Thus  it  is  seen  in  Figs  p  568  that  the  hor  strain  at  the  center  of  each  chord 
(as  there  found  by  tracing  up  the  diff  loads  or  shearing  forces  in  their  journey  along 
the  obliques)  is  set  down  at  16  tons.  Now  the  whole  distributed  load  on  one  truss 
of  64  ft  span,  and  16  ft  depth,  is  32  tons ;  aud  by  Case  10,  p  483,  we  find  that  at  the 
center  the  moment  of  this  load  is  16  X  16s  256  tons;  and  this  divided  by  the  depth 
of  oar  open  truss  or  16  ft  gives  16  tons  for  the  hor  strain  at  center  as  before ;  and 
so  at  other  points.  The  oblique  web  members  are  plainly  the  only  ones  that  can 
convey  their  loads  laterally,  that  is  in  directions  tending  toward  or  from  the  abut- 
ments. Vertical  members  merely  convey  their  loads  vert  up  or  down  from  one 
chord  to  the  other,  at  which  last  they  transfer  them  to  oblique  members  which 
can  convey  them  laterally.  If  both  a  pull  and  a  push  act  at  once  in  opposite 
directions  on  a  web  member,  their  diff  is  the  actual  strain. 

Rem.  As  a  matter  of  economy  in  small  spans  it  is  often  better  not  to 
proportion  the  sizes  of  the  individual  members  to  the  strains  they  have  to  bear; 
but  to  give  to  the  flanges  throughout  their  entire  length  the  same  dimensions  as 
are  required  at  their  most  strained  part,  namely,  at  the  center;  and  to  make  all 
the  web  members  as  strong  as  the  most  strained  or  end  ones.  This  avoids  the 
extra  trouble  and  expense  of  getting  out  and  fitting  together  many  pieces  of 
various  sizes. 

Art.  <*•  Oblique  or  curved  flanges.  We  have  hitherto  supposed 
the  beams  and  their  flanges  to  be  horizontal:  but  a  beam  may  be  hor,  and  yet 
have  one  or  both  of  its  flanges  oblique  or  curved  as 
at  A  and  B.  In  such  cases  the  longitudinal  strains 
along  the  flanges  become  greater;  and  the  vert  or 
shearing  strains  across  the  web  in  most  cases  less. 
See  Rein  at  end  of  Art.  It  is  plain  that  such  flanges 
must  as  it  were  intercept  to  some  extent  (depending 
on  their  inclination)  the  vert  force  at  any  point, 
and  convert  it  into  an  oblique  one  along  the  flanges, 
somewhat  as  the  oblique  web  members  of  an  open 
beam  do. 

To  And  these  new  strain*  at  wit  botat «, 
Figs  A,  B,  of  either  an  upper  or  lower  oblique  or 
curved  flange,  first  ascertain  by  u  Moments,"  the 
hor  strain  at  that  point  for  a  beam  with  the  depth 
»  a ;.  and  by  u  Shearing,"  the  shear  also. 

Then  from  that  point  o  draw  a  hor  line  h  equal  by 
scale  to  the  hor  atrain ;  and  from  its  end  draw  v 

vert  and  ending  either  at  the  flange  (produced  if  necessary)  if  straight  as  in  A; 
or  at  a  tangent  I  from  e  if  the  flange  is  curved  as  at  B,  Then  will  I  in  either  fig 
give  by  the  same  scale  the  longitudinal  strain  along  the  flange  at  o ;  and  h  and  v 
are  the  components  of  that  strain.  As  a  formula,  the  Bule  reads  thus,  o  being  the 
angle  formed  by  h  and  I  at  o. 


mom  of  rup 
depth  of  beam 


-T- cosine  of  o. 


Strain  along         ,  .       . 

oblique  flange  =  hor  Btrain  ^  coaine  of  °  = 

Here  v  shows  by  the  scale  how  much  of  the  vert  or  shearing  force  has  been  con- 
verted into  a  longitudinal  one ;  and  if  it  be  taken  from  the  total  shearing  force 
before  found,  the  remainder  will  show  how  much  of  said  force  still  operates  on  the 
web  at  o.  For  exceptions,  see  Rem.  The  foregoing  applies  also  to  oblique  flanges 
of  opeu  hor  beams. 

In  the  hor  triangular  flanged  beam  D  with  a  concentrated  load  at 
its  free  end,  draw  a  o  vert  and  equal  by  scale  to  the  load, 
and  draw  o  e  hor.  Now  here  the  whole  load  rests  upon  the 
upper  end  a  of  the  oblique  flange  a  m,  which  therefore  sus- 
tains all  of  it  as  an  end  load,  which  it  deposits  as  vert  press- 
ure at  »,  and  thus  entirely  prevents  it  from  exerting  any 
shearing  force  whatever  upon  any  part  of  the  beam.  The 
shaded  web  is  therefore  of  no  use  here.  The  line  a  c  meas- 
ures the  strain  along  the  oblique  flange ;  a  o  the  vert  pressure 
at  n;  and  o  e  the  hor  pull  of  the  load  all  along  the  upper 
flange  a  e.    Also  a  o  asa  o  care  the  components  of  a  c 

So  also  in  Fig  E,  with  a  concentrated  load  I  suspended  by  a  string  from  «. 
The  string  carries  the  load  up  to  the  two  oblique  flanges  c«,c6,  which  convert 
its  shearing  tendency  Into  two  oblique  pulls  along  themselves.  At 
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the  abutments  or  supports  these  pulls  along  ca  and  cb  become  converted  into  ver- 
tical pressures, together  equal  to  the  load  I ;  and  Into  nor  pressures  compressing  a  b. 

Here  also  the  shaded  web  is  unnecessary;  as  would 
likewise  be  the  case  if  the  load  were  transferred  to  e, 
and  a  single  vert  post  (shown  by  the  dark  line)  provided 
to  carry  it  down  to  c,  at  the  string  before  carried  tt  up 
to  c.  If  there  is  no  such  post  the  web  acts,  and  the 
strain  on  either  oblique  flange  is  found  as  for  A  and  B. 
a  But  it  is  only  in  a  few  similar  cases  that  the  oblique 

JS         -L  flange  entirely  supplants  the  continuous  web. 

number  friveafor  finding;  the  strain  at 
any  point  of  an  oblique  or  curved  web  as  follows. 
First  find  the  shear  as  before  as  for  a  horizontal 
flange.    Then 
If  the  eon*  pressed  flange  is  inclined  down  to  the  nearest  support,  or 
If  the  stretched  flange  w  inclined  down  from  "  (f 

take  the  diff  between  the  vert  component  v  and  the  shearing  force.    But 
If  the  compressed  flange  is  inclined  down  from  the  nearest  support,  or  ' 
If  the  stretched  flange  is  inclined  down  to  "        "  rt 

take  the  sum  of  the  vert  component  v  and  the  shearing  force. 

Bern.  Hence  in  these  last  two  cases  (which  do  not  include  any  of  our  above 
figs)  the  vertical  force  on  the  web  is  increased. 

As  Humber  remarks,  in  girders  or  beams  with  curved  or  oblique  flanges  the 
greatest  strain  in  the  web  is  not  always  where  the  greatest  shearing  strain  is 
produced. 


532 


VERTICAL  STRAINS  IS  BEAMS,  ETC. 


VERTICAL  STRAINS  IN  BEAMS,  ETC. 


r 


i 


u 


I. 


s 


t    k 


X-L, 


m 


9\ 
i 


n 


mig.S 


VERTICAL  OR  SHEARING  STRAINS  IN  BEAMS,  ETC. 
Art.  1.    When  a  loaded  beam,  a  «,  Fig  1,  rests  upon  two  supports,  I  and  r,  the 
freight  of  the  beam  and  load  between  the  supports,  and  the  upward  reactions  of  the 

two  supports,  tend  not  only  to  bend  the  beam,  as  in  Fig 
3,  p  550,  but  also  to  cut  or  sitear  it  across  vertically,  as 
in  Fig'l. 

In  practice,  beams  rarely  fail  by  shearing*, 
and  then  only  when  heavily  loaded  close  to  their  points 
of  support,  as  in  Fig  1. 

Bnt  the  vert  force*  which  tend,  to  pro- 
duce shearing  exist  in  all  beams  and 
trasses.  In  the  latter,  they  cause  all  the  strain  on  the  verts  and  a  part  of  that 
in  the  obliques  (whether  web  members  or  flanges);  and  in  beams  with  thin  webs 
and  considerable  area  of  flange,  such  as  box  and  plate-girders,  ps  537,  &c,  it  is  usual, 
and  sufficiently  (although  not  strictly)  correct,  to  assume,  for  convenience,  that  aU 
of  the  vert  strains  are  borne  by  the  weft,  while  the  flanges  are  regarded  as  resisting 
only  the  longitudinal  strains.  The  following  instructions  are  therefore  given  for 
finding  the  amount  of  vert  or  shearing  strain  in  the  different  parts  of  a  beam  under 
different  conditions  of  loading.  For  the  sake  of  simplicity,  we  neglect  the  wt  of 
the  beam  itself,  unless  otherwise  stated. 

Art.  2.  Imagine  the  beam,  a  v.  Fig  2  (supported  at  both  ends,  and 
loaded  at  its  center  with  3  tons),  to  be  divided  into  a  number  of  slices, 

u  * 1,  &c,  by  the  vert  planes  whose  edges  are 
shown  in  the  fig.  If  we  take  any  two  adjoin- 
ing slices,  as  m  and  n,  to  the  right  of  the  load, 
it  is  plain  that  we  may  regard  the  left-hand 
slice,  m,  as  being  pressed  downward  by  that 
portion  (1W  tons)  of  the  load  which  goes  to 
the  light-hand  support,  r,  while  its  neighbor- 
ing slice,  n,  on  the  right,  is  upheld  by  the 
equal  upward  reaction  of  the  right-hand  sup- 
port, r.  There  is,  therefore,  a  vert  strain, 
equal  to  \]A  tons,  or  to  one  of  these  forces, 
tending  to  shear  the  beam  across  on  the  vert 
plane  separating  the  two  slices ;  and  this  ten- 
dency must  be  resisted  by  the  cohesive  force 
of  the  beam  in  that  vert  plane.*  Since  the  downward  pressure  exerted  upon  the 
right-hand  support  undergoes  (in  this  case)  no  increase  or  diminution  between  the 
load  and  the  support  (there  being  no  intermediate  load  or  support),  and  since  tho 
upward  reaction  of  r  is  also  exerted,  unchanged,  at  every  poiut  between  rand  c,  it 
follows  that  the  shearing  strain  is  equal  at  all  tnose.p<>ints.  And  since  the  load  is 
at  the  center  of  the  beam,  the  upward  reaction  of  the  left  abutment,  I,  is  equal  to  that 
of  r,  and  there  must,  therefore,  be  an  equal  shearing  strain  of  1J^  tons  at  each  point 
in  the  /e/l-hand  half  of  the  beam.  In  other  words,  a  load,  concentrated  at 
the  middle  of  a  beam  supported  at  both  ends,  exerts  a  uniform 
shearing  strain,  equal  to  half  of  said  load,  throughout  the  beam. 

Art.  3.  But  while,  to  the  right  of  the  load,  each  slice  tended  to  slide  downward 
past  its  neighbor  on  the  right;  the  reverse  is  the  case  to  the  left  of  the  load:  each 
slice  there  tending  to  slide  downward  past  its  neighbor  on  the  left.  In  other  words, 
to  the  right  of  the  load  the  vert  downward  strain  on  each  section  comes  from  the 
left,  and  vice  versa. 

Art.  4.  At  the  vert  section  immediately  under  or  over  a  concen- 
trated center  load  there  is,  strictly  speaking,  no  shearing  tendency  between 
the  two  slices  to  the  right  and  left  of  that  section,  because  they  evidently  have  no 
tendency  to  slide  past  each  other.  But  there  is,  in  the  two  slices,  a  combined  crush- 
ing strain  equal  to  the  entire  load ;  because  each  of  them  sustains  half  the  load,  and 
is  pressed  upward  by  the  equal  reaction  of  the  abut.    If  we  suppose  a  v  to  be  a  truss, 

*  So  long  as  the  joint  between  m  and  n  remains  intact,  n  is  of  course  also  preteed  downward  by 
the  half  load,  and  m  is  also  upheld  by  the  support.  But  this  does  not  affect  the  shearing  strain  la 
the  joint,  because,  in  order  that  n  may  receive  the  downward  pres  of  the  half  load,  said  pre*  must  be 
transmitted  to  it  from  m  through  the  joint  in  question ;  and  ao  with  the  upward  reaction  transmitted 
from  n  to  m.  It  is  the  trantmieeion  of  the  original  notion  and  reaction  through  any  given  joint  that 
causes  the  shearing  strain  in  It. 
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Mid  the  vert  line  betwteei  h  and  m  to  represent  a  vert  post,  then  said  post  wiH  have 
to  bear  the  combined  crushing  strain,  which,  in  the  beam,  comes  upon  slices  h  and 
m  (=  the  entire  load  of  3  tons),  and  its  pin  at  o  in  the  lower  chord  will  sustain  a  vert 
Bhearing  strain  of  3  tons  in  addition  to  the  hor  shearing  strains  from  the  chord. 

Art.  5.  If,  in  Fig  2,  we  make  a  I  and  vr  each  equal,  by  scale,  to  the  upward 
reaction  of  its  abutment,  or  (in  this  case)  equal  to  half  the  load;  and  draw  Ir  hor; 
then  vert  lines  (of  uniform  length  in  this  ease)  drawn  between  avaud  Ir  will  give 
the  shearing  strain  at  each  point  in  the  beam,  except  of  course  at  the  cen,  c,  as  ex- 
plained in  Art  4. 

Art.  6.  Figs  Sand  4  show  the  application  of  the  foregoing  to 
common  forms  of  trusses.  In  each  fig,  a  load  of  3  tons  is  supposed  to  be 
sustained  entirely  by  only  one  tortus  of  the  span.  The  members  sustaining  tension 
are  shown  by  light  lines ;  and  those  under  compression,  by  heavy  lines.    It  is  plain 
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that  each  vert  member,  in  either  fig,  Is  strained  l}/£  tons.*  Each  oblique  sustains  a 
total  strain  greater  than  1%  tons ;  but  the  vert  corny  of  each  is  only  1%  tons.  Also, 
.the  downward  strain  on  each  web  member  to  the  right  of  the  load  comes  from  the 
lefty  and  vice  versa.  We  see,  also,  that  while  the  two  central  obliques  have  no  ten- 
dency to  slide  past  each  otfier,  their  combined  vert  strain  (compression  in  Fig  3;  ten- 
sion in  Fig  4)  is  equal  to  the  entire  Joad;  and  the  pin  at  c  in  either  fig  sustains  a 
vert  shear  equal  to  the  entire  load.  And  the  cen  vert  rod  in  Fig  3  sustains  a.pull 
equal  to  the  entire  load,  or  3  tons.  Drawing  a  I  and  vr  each  equal  to  the  upward 
reaction  of  its  abut;  Ir  hor;  and  the  vert  dotted  lines;  the  latter  give  the  vert 
strains  (uniform  in  this  case)  at  the  several  panel  points,  except  of  course  at  the  cen, 
as  just  explained. 

The  arrows  pointing  downward  represent  the  downward  pressures  caused  by  the 
load;  while  those  pointing  upicard  represent  the  upward  reactions  of  the  abuts.  In 
Fig  3  the  downward  pres  at  each  section  is  applied  at  its  foot,  and  the  upward  pres 
at  its  head;  and  the  vert  members  are  therefore  in  tension*  In  Fig  4  the  reverse 
of  all  this  is  the  case.  The  directions  of  the  arrows  should  be  carefully  noted,  as 
they  have  an  important  bearing  upon  what  follows.  The  lengths  of  the  arrows  indi- 
cate the  amounts  of  the  forces  which  they  represent;  and  their  positions  show 
whether  those  forces  are  applied  at  the  upper  or  lower  chord,  and  whether  the  force 
comes  to  the  section  from  the  right  or  from  the  left. 

Thus,  in  Fig  3,  the  arrow  pointing  downward,  immediately  under  the  load,  and  at 
the  bottom  of  the  diagram,  shows  that  the  force  represented  by  it  is  applied  tmwe- 
diately  at  the  joint  (coming  neither  from  the  right  nor  from  the  left)  and  that  said 
joint  is  in  the  lower  chord. 

This  force  is  equal  to  the  entire  load,  or  3  tons.  The  two  equal  arrows  imme- 
diately to  the  right  and  left  of  the  cen  line,  and  at  the  top  of  the  diagram,  are  made 
each  half  as  long  as  the  central  arrow  just  referred -to,  in  order  to«how  that  the 
force  represented  by  each  is  half  as  great  as  that  represented  by  the  central  arrow. 
These  two  arrows  represent  the  upward  reactions  of  the  two  abuts,  comiug  from 
the  right  and  left,  respectively,  and  meeting  at  c  in  the  upper  chord. 

Rem.  A  single  con  cent  rated  load  produces  Its  greatest 
shearing  Strain  when  placed  at  one  end  of  the  span,  immediately  over  the 
edge  of  an  abut;  at  which  point  the  shear  is  then  equal  to  the  load ;  but  there  is 
then  no  shearing  strain  in  any  other  part  of  the  beam.  As  the  load  moves  along  the 
beam,  the  shear  in  front  of  it  increases  uniformly,  and  that  behind  it  decreases  uni- 
formly, until  the  load  reaches  the  other  end  of  the  span.  At  whatever  point 
the  load  may  be,  the  shear  at  any  instant  is  nniform 
throughout  either  one  of  the  two  segments  into  which  the  load 
divides  the  span.    flee  Figs  5  and  fl. 

♦Except  that  the  center  vertical  member,  in  Fig  3,  belongs,  a9  it  were,  to  both 
halves  of  the  trnss,  and  therefore  performs  the  same  duty  as  two  side  verts,  by 
supporting  the  entire  load  of  3  tons  =  twice  the  half  load,  as  explained  in 
Art.  4. 

40 
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Art.  7.    In  Figs  5  and  6,  the  concentrated  load  is  no*  at 

ceil  of  the  beam.    Therefore  the  upward  reactions  of  the  abate  are  unequal, 
as  are  also  the  shearing  strains  in  the  two  portions  of  the  length  of  the  beam. 
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Art.  8.  In  Fig  7  we  hare  two  concentrated 
loads  of  3  tons  each,  and  each  placed  at  a  dist 
from  an  abut  equal  to  one*thir4  of  the  span. 
Here  it  might  be -supposed  that  the  shear  at 
any  point  might  be  found  by  simply  adding 
together  its  shear  by  Fig  5  aud  that  by  Fig  6; 
but  this  is  not  the  ease,  except  for  those  points 
between  an  abut  and  the  load  nearest  to  it.  At 
,  such  points  the  vert  forces  in  Fig  5  and  those 

K  V  m  in  Fig  6  act  in  the  same  directions,  and  thus 

jr      assist  each  other  when  combined  as  in  Fig  7 ; 

jt  JlT  while  at  the  sections  betuxen  the  two  loads, 
they  act  in  opposite  directions,  and  consequently 
counteract  each  other. 

Thus,  if  we  compare  section  c  in  Figs  5  and 

6,  we  will  see  that  in  Fig  5  slice  m  tends  to  slide 

doumward  past  k;  while  in  Fig  6  the  reversa 

is  the  case;  so  that  in  Fig  7,  which  may  be 

regarded  as  a  combination  of  Figs  6  and  6,  these 

in  I       two  equal  and  opposite  shearing 

.        tendencies  counteract  each  other, 

Jf      and  there  is  consequently  no  shear  at  c. 

Art.  9.  Similarly,  in  Fig  10,  the  shear  in 
W  D  is  equal  to  the  difference  (1  ton)  between 
those  (1  ton  and  2  tons,  respectively)  in  W  D  in 
Figs  8  and  9 ;  while  that  in  a  W  is  equal  to  the 
sum  (5  tons)  of  those  (1  and  4)  in  a  W  in  Figs  8 
and  9;  and  that  in  D  v  is  equal  to  the  sum  (4) 
3  of  those  (2  and  2)  in  Dv  in  Figs  8  and  9. 

Art.  10.  The  following  general  rales 
are  illustrated  by  the  foregoing: 

Rale  1.  The  shearing  or  vert  strain  at 
any  point  of  any  beam,  fixed  or  supported  at 
one  or  at  both  ends,  and  loaded  in  any  manner, 
is  equal  to  the  diff  between  the  upward  vert 
reactiou  of  either  abutment,  and  any  load  or 
part  load  on  the  beam  between  that  abut  and 
said  point.  To  find  the  upward  reaction  of 
either  abut,  Bee  Art  7,  above. 

Rule  2.  Let  all  that  part  of  the  load  to 
the  right  of  the  given  section  bo  called  R ;  and 
that  to  the  left  of  it,  E..  Then  the  sheariug 
strain  at  that  section  will  be  equal  to  the  din 
between  that  portion  of  R  that  goes  to  the  I'fU 
hand  support,  and  that  portion  of  JL  that  goes 
to  the  right-h&nd  support. 

Rem.  1.  In  applying  either  of  these  rules 
to  a  section  Immediately  under  or 
over  a  concentrated  load,  as  at  W, 
Fig  9,  or  concentrated  portion  of  a  load,  as  at 
"W,  Fig  10,  we  must,  theoretically,  consider  the 
section  as  being  the  dividing  line  between  the 
two  portions  of  said  concentrated  load  or  part 
load  which  go  to  the  two  abuts  respectirely ; 
and  must  regard  said  portions  as  forming  parts 
of  the  loads  on  the  two  portions  into  which 
the  given  section  divides  the  beam. 
3Tig.lO  For  instance,  in  Fig  10,  at  any  point,  P,  be- 

tween a  and  W,  Rule  1  gives  shearing  strain  =• 
upward  reaction  of  abut  at  a  —  load  between  a  and  P  =  5  —  0  =  5  tons ;  or,  =  load 
between  v  and  P  —  upward  reaction  at  t>  =  9  —  4  =  5  tons ;  and  Rule  2  gives  shear* 


a 

— — 

t 

i 

> 

V 

n 

I 

P 

:Fig.£ 

$' 

f   +    -     BHg-e 


FT 


w  -.  - 


£ 


J 

r      4       -14 


VERTICAL  STRAINS  l$f  BEAMS,  ETC. 


53d 


isg  strain  =  portion  of  A  going,  to  a  t~- portion  .of  Vgataft  t°  «  —  5— 0  =  5  tons. 
But,  at  Wy  the  wt  of  6  tons,  resting  there,  divides;  two-thirds  of  it,  or  4  tons, 
going  to  a»  and  one- third,  or  2  tons,  to  v.  Therefore  "  L  "  (or  load  to  the  left  of 
W)  =  |W=*=4  tons;  and  *'K"(or  load  to  the  right  of  W>=*the  remaining  2 tons 
of  W„  +  D,  3  tons,  =s  5  tons.  Here,  Rule  1  gives  shear  at  W  =  upward  reaction 
at  a  —  load  between  a  and  W  =*  6  —  4  =*  1  ton ;  or,  shear  at  W  =  load  between  v 
and  W  —  upward  reaction  at  v  =■  5  —  4  =  1  ton ;  and  Rule  2  give*  shear  at  W  =» 
one-third  of  D,  or  one  ton  of  R  going  to  the  left  abut  at  a. 

But  in  practice  it  is  safer  to  neglect  siicl)  refinement,  and 
to  consider  the  section  W  as  having  a  shear  equal  to  the  greater  of  the  two  shears 
t>n  each  side  of  it,  or,  in  this  case,  equal  to  the  shear  at  any  point  between  a  and  W, 
or  5  tons. 

The  following  are  applications  of  Rules  1  and  2 : 

Rem.  2.  The  shearing  force  at  any  cross  section  of  a  cantilever  (a  project- 
ing beam  fined  at  one  end  and  free  at  the  other),  no  matter  how  the  load  la  disposed, 
is  equal  to  the  wt  of  that  part  of  the  beam  and  Its  load  which  is  between  said  section) 
and  the  free  end. 

Art.  11.  When  a  beam,  a«,  Fig  11,  supported  at  both  ends,  is 
uniformly  loaded  throughout,  the  shearing  strain  is  greatest  at  the 
abuts :  at  each  of  which  it  is  equal  to  half  the  load.  From 
euch  support  it  diminishes  uniformly  to  the  center,  where  it 
is  aeeo.  Therefore,  if  we  make  a  J  and  v  r  each  equal,  by  scale, 
to  half  the  load,  and  from  I  and  r  draw  straight  lines,  I  o  and 
r  0,  to  the  center,  c,  of  the  span ;  then  a  vert  line,  as  o  «,  drawn 
from  any  point,  e,  in  the  beam,  to  either  line,  as  I c,  gives  the 
•hearing  force  at  said  point,  *. 

Art*  19.    When  a  bean,  a  v,  Fig  12,  supported  at 
both  ends,  is  uniformly  loaded  from  one  of  its  supports,  as  r, 
part  wajr  across,  say  to  m,  as  when  a  train,  as  long  as  the  span,  or  longer, 
comes  part  «xiy  ape  a.  a  itfidge,  thei  greatest 
•sear  is  at  the  abut,  r,  and  is  equal  to  the 
portion  of  the  load  borne  by  that  abut.  From 
that  point  it  decreases  uniformly  to  zero  at  a 
aero  point,  s,  which  is  always  within  the  load 
itself.   To  find  the  dirt,  n  *,  of  the 
aero  point,  *,  front  n,  when  the  load 
extends  from  v  any  given  dist,  as  vn,  toward 
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Twice    .  Length,  t>n,  of  bridge 
the  span  *      occupied  by  load 


Said  covered 
length,  v  n 


nzt     or  n*  = 


2o7* 


the  zero  pofnt  of  shear  ts  also  the  section  of  greatest  moment  of  rupture. 

From  the  zero  point,  the  shear  again  increases  uniformly  to  the  end, «,  ef  the 
load  and  at  the  same  rate  of  increase  as  from  z  to  v.  At  n,  and  from  n  to  the 
other  abut,  o,  the  shearing  strain  is  equal  to  the  portion  of  the  load  sustained 

bv  said  abut,  a.  .  ^      ,  ~ .  «_  ^   «_        « 

'Art.  13.   Fig  13  shows  the  shearing  strains  which  take  plaee 
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■e— naively  at  a  given  point,  6,  in  a  bridge,  0-8,  while  a  train,  as  long 
the  bridge,  comes  upon  it,  passes  across  it,  and  leaves  it,  all  in  the  same  direction. 
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It  also  shows  the  successive  shears  at  each  abnt  during  the  passage  of 
the  train.  The  train  is  supposed  to  move  in  the  direction  of  the  arrow,  or  from 
right  to  left,  and,  for  convenience,  is  supposed  to  be  of  uniform  wt  per  ft  ran  through* 
out.  The  several  shearing  strains  are  found  by  Art  12.  The  vertical  distances, 
8-e  and  8-£,  are  made  each  equal,  by  scale,  to  half  the  wt  of  the  train,  which  is 
equal  to  the  shear  at  0  or  at  8  when  the  head  of  the  train  is  at  8 ;  and  when,  con- 
sequently, the  train  just  covers  the  span,  as  in  Fig  11.  (It  most  be  borne  in  mind 
that  we  neglect  the  wt  of  the  bridge  itself.) 

The  vert  fines,  6-d,  11-/,  *c,  show,  by  ttfe  same  scale,  the  amounts  of  shearing 
strain  at  8  when  the  head  of  the  train  comes,  respectively,  to  6, 11,  Ac.  Similar  vert 
lines,  drawn  from  points  in  the  hor  line,  16-0,  to  the  tower  curve,  16-0-0*  would  show 
the  corresponding  vert  strains  at  0;  and  the  heavy  vert  lines,  4-m,  6hJ,  8-A,  10-t, 
Ac,  from  16-0  to  the  heavy  curve,  16-14-d-0,  show  the  successive  shearing  strains  at 
the  point  6,  as  the  heatf  of  the  train  reaches  4, 6,  8, 10,  Ac. 

It  will  be  noticed  that  at  each  abut  the  shear,  just  before  the  train  touches 
the  bridge  at  0,  is  aero;  and  that  it  Increases  until  the  train  just  covers  the  bridge, 
when  it  Is  equal  to  half  the  wt  of  the  train,  as  in  Fig  11.  It  then  decreases,  reaching 
sero  again  when- the  rear  of  the  tram  leaves  the  bridge  at  8.*  But  at  any  interme- 
diate point,  as  6,  the  shear  increases  from  set*  untH  the  head  of  the  train  come*  ts 
said  point.  During  this  time  the  shears  at  the  point  are  the  same  as  those  at  the 
abut  8  beyond  it  (see  n,  Fig  12),  and  consist  solely  of  shearing  strain  passing  through 
it  to  that  abuL  But  now  the  point,  6,  begins  to  pass  strains  to  both  abuts,  and  con- 
tinues to  do  so  until  the  rear  of  the  train  has  passed  it.  These  opposing  strains 
partly  neutralise  each  other  (see  Art  8) ;  and  the  resultant,  or  remaining,  shear  at  6 
diminishes  until  the  head  of  the  train  reaches  snoh  a  point,  «,  that  6  becomes  the 
aero  point.  It  then  again  increases  until  the  head  of  the  train  reaches  14.  The  rear 
of  the  train  is  now  at  6.  From  now  on  all  the  shear  going  to  0  (and  no  other)  passes 
through  6. '  Consequently,  the  shear  at  6  is,  from  new  cm,  the  same-ss  that  at «,  and, 
like  it,  decreases,  and  becomes  aero  as  the  rear  of  the  train  leaves  the  bridge  at  8. 

The  greatest  shear  that  can  occur  at  any  srlwen  paint  is  when  the 
longer  segment  of  the  span  is  loaded  to  that  point.  It  is  then  greater  at  that  pomt 
than  when  the  whole  span  is  loaded. 


*  But,  as  indicated  by  the  two  curves,  O-0-16  and  O-p-16,  the  shearing  strains  at 
the  two  abutments,  8  and  0,  do  not  increase  and'  decrease  uniformly  "or  equally. 
Thus :  at  the  left  .abutment  8  (see  upper  curve  O-e-16),  the  increase  of  shear,  as  the 
train  comes  upon  the  bridge,  is  at  first  slow,  and  afterward  more  rapid  as  the  head 
of  the  train  approaches  8.  Similarly,  the  decrease  at  8,  as  the  train  leaves  the  bridge, 
is  at  first  slow,  and  afterward  more  rapid  as  the  rear  of  the  train  approaches  8.  At 
the  right  abutment  0,  the  exact  reverse  of  this  is  the  case.  The  shearing  strains  at 
the  two  abutments  are  not  equal  at  any  given  moment  except  when  the  train  coven 
the  entire  bridge,  and  when  there  is  no  train  on  the  bridge. 
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t       RIVETED  GIBBERS. 

Art.  1.    Plate  girders,  Figs  21, 22,  and  23 ;  and  box -girders,  Fin  24 
and  25;  with  hor  flanges,  and  supported  at  both  ends.    In  these,  it  is  usual,  and  suf- 
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Fig.  24. 


ficiently  correct,  to  assume  for  convenience  that  the  flangea  sustain  all  of  the  hor 
strains,  and  no  other;  and  that  the  web  sustains  only  the  vert  strains. 
On  this  assumption, 


The  total  hor  compressive 
or  tensile  strain,  in  lbs,  in 

either  flange,  at  any  point  in 
the  span,  is 


Moment  of  rupture,  in  ft-lbs,  at  that  point, 
__  _^ as  found  by  pp  481,  Ac 

~~  The  vert  diet  in  ft  between  the  centers  of 
gravity  of  cross-section  of  the  two  flanges 
at  the  same  point. 

If  the  moment  of  rupture  is  in  inch-Urn^  the  vert  diet  must  be  in  tiur,  and  the 
flange  strain  will  be  in  torn,  As,  Ac 

Flange  strain  per  square  ineh  >  =  Total  strain  in  one  flange,  found  as  above 


of  cross-section  of  flange 


} 


Area  of  cross-section  of  one  flange  in 
sq  ins. 


2»  The  total  strains  on  the  two  flanges  at  any  given  point  in  the  span,  are 
plainly  equal  to  each  other ;  but  that  on  the  upper  flange  is  of  course  compressive ; 
and  that  on  the  lower  one,  lennU. 

Inasmuch  as  the  vert  diet  between  the  cens  of  grav  of  cross-section  pf  the-  two 
flanges  is  approximately  the  same  throughout  the  span,  the  strain  on  either  flange 
at  any  point  may  be  taken  as  proportional  to  the  moment  of  rupture  of  the  girder 
at  that  point.  Therefore,  if  we  draw  a  diagram  of  these  moments,  as  directed  for 
various  methods  of  loading,  in  pp  482,  Ac,  and  let  any  one  of  the  ordlnates  equnl 
by  scale  the  flange  strain  at  that  point ;  then  the  other  ords  will  give,  by  the  same 
scale,  the  flange  strains  at  their  respective  points. 

Art.  S.    Areas  of  cross-section  of  flanges. 


Minimum  allowable  area 

in  sq  ins  of  effective  cross- 
aeetloii  of  lower  flange  at 

any  poiut  in  the  span. 


Tensile  strain  in  lbs  on  the  flange  at 
the  given  point,  as  found  by  Art  1 

Safe  tensile  strength  of  the  metal  in 
lbs  per  sq  inch 


J 
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The  effective  cross-section  of  the  lower  flttnjre  is  =  the  cross 
section  of  the  flange  plate,  pto*  that  of  both  legs  of  both  the  angles  that  fasten  it  to  the 
web.  minus  the  rivet  holes.    When  the  rivets  are  staggered,  as  in  Fig  25  A,  it  is 

usual  to  consider  the  effective  section  as  equal  to  a 
net  section  taken  on  a  staggered  line,  X  A  B  C  D  Y, 
between  the  rivet  holes,  the  oblique  lines,  A  B  and 
C  D,  being  taken  at  only  three-fourths  of  their  actual 
lengths.  But  if  this  should  give  a  less  area  than 
*  -wotM  vjo'  obtained  by -deducting  the  area  lost  in  all 
of  the  holes,  from  that  of  the  full  cross-section  on 
the  draigld  lioe,  X  T,  then  this  last  is  taken  as  the 
effective  area,  Ffg  26  A  is  a  plan  of  part  of  the 
lower  flange  of  a  plate  girder.  F  F  are  the  pro- 
jecting edges  of  the  flange  plate.  H  H  are  the 
Y  '  horizontal  1-gg.  and  V  V  the  vertical  legs,  of  the 

-rnx„   or   a  angles  by  which  the  horizontal  flange  plate,  F  F,  is 

-cog*  ^o  -A.  joined  to  the  Vertical  web,  W,  of  the  girder.    The 

rivets  joining  the  vertical  legs  V  of  the  angles  to  the  web  plate  W,  are  omitted 
in  the  flirnre  to  avoid  confusion. 

For  girders  supporting  quiescent  loads,  such  as  walls,  floors,  Ac,  the  safe  ten- 
sile strength  is  usually  taken  at  about  10000  lbs  per  sq  inch  for  wrought-iron 
such  as  is  used  in  girders ;  but,  for  railroad  bridgetjrom  6000  to  7000  lbs  per  sq  inch. 
Having  decided  «poa  the  shape  of  the  upper  flanve,  its  area  of  crown -section 
may  be  found  by  means  of  the  rules  for  iron  pillars,  p  439  etc. 

If  the  flange  is  of  the  usual  T  shape: 

Square  of  least  radius  )  _  (Approx)  square  of  width  of  flange 


of  gyration 


'}- 


in  ins  ■*-  22A 


The  effective  cross-section  of  the  upper  flange  Is  equal  to  Its  entire  sec- 
tion, because  the  loss  of  metal  occasioned  by  punching  the  rivet  holes  is  compen- 
sated by  the  rivets  themselTes,  which  also  resist  compression. 

Art.  4.  The  width  of  the  upper  flange  is  governed  by  the  length  of 
the  greatest  longitudinal  distance  between  those  supports  which  prevent  the  girder 
from  yielding  sideways.  Thus,  in  railroad  girders,  these  supports  consist  of  the 
transverse  bracing;  and,  in  erde'r  that  the  flange  may  contribute  sameieat  lateral 
stiffness  to  the  girder,  it  is  usual,  in  single-web  girders,  to  make  Ha  width  not  less 
than  about  one-twelfth  of  the  greatest  longitudinal  distance  between  the  points  of 
attachment  of  that  bracing.  In  buildings,  where  the  load  is  quiescent,  one-twentieth 
Is  the  usnal  minimum.  In  these,  however,  there  Is  frequently  no  sideways  support 
between  the  abutments,  no  that  the  proper  width  of  flange  becomes  one-twentieth 
of  the  span. 

Since  the  lower  flange  is  in  teuton, its  width  is  a  matter  of  minor  importance  (pro- 
vided sufficient  area  is  given),  and  is  generally  fixed  by  considerations  of  practical 
convenience. 


Art.  5.    As  the  moments  of  rupture  increase  an  we 

from  the  ends  of  the  span  toward  its  center,  the  total  flange  strains, 

and  the  required  area  of  cross-section  of  flnDge.to  srJthstund  thesa,  increase  In  the 

aaae  proportion.    The  width  of  each  flange  ie  usually  made  uniform  throughout 

the  span,  and  the  required  increase  of  area  is  given  by  increasing 

their  thickness.    This  is  done  by  increasing  (toward  the  center)  the 

number  of  plates  of  which  each  flange  is  composed.    The-nUtts  and 

Regies  composing  a  flange  are  riveted  together  thronghont  then 

length.     When  a  flange-plate,  or  flange-angle,  is  too  long;  to  lo 

made  in  one  piece,  the  two  lengths  wfcioh  compose  it  most  lie 

joined,  where  they  abut  together,  by  special  spaces  or 


er^  [see  butt-joints  in  "  Riveting/'  p  460).    In  thus  sphcJng  the 


a  a,  Fig  26  B,  rolled  **onsrle-eovers,"  ce,  about  two  not  Ion* 
"Fig. ».  B.      are  used. 
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Art.  «.  Rivets.  The  vert  rivets  in  the  flanges,  which  Join  together  the 
flange-plates  and  the  hor  legs  of  the  flange-angles,  are  generally  so  spaced  that  their 
44 pitch,"  or  dist  apart  from  eea  to  cen  in  a  line  parallel  with  the  length  of  the 
girder,  is  from  2U  to  6  ins.  Where  the  flange  is  made  up  of  two  or  more  plates,  as 
in  Art  5,  the  added  plates  are  made  so  much  longer  than  the  length  required  by  the 
moment  8  of  rupture,  as  to  give  room,  outride  of  said  required  length,  for  a  sufficient 
number  of  rivets  to  transmit  to  the  plate  its  share  of  the  longitudinal  flange  strains. 

The  hor  rivets  joining  the  vert  legs  of  the  flange-angles  to  the  web-plate ;  and 
those  used  in  splicing  together  the  several  lengths  of  the  web-plate ;  may  be  spaced 
by  the  following  rules : 

Greatest  allowable  strain  \      -isaan  v    Crippling  area  of 
on  each  rivet,  in  lbs        J""  ^^  *  one  rivet,  in  sq  ins. 

The  erlpplinj;  area  of  a  rivet,  in  sq  ins,  is  =  its  diam,  In  ins  X  the  thickness 
of  the  web-plate,  m  ins. 
In  buildings,  Ac,  where  the  load  is  stationary,  16000  may  be  used  instead  of  13000. 

Nnmberof  rivets  in  the  -v       Total  vert  or  goring  6train 
depth  of  the  girder  between  /  at  the  joint,  in  lbs, 

flan ge-n vet    lines ;     or    in   a  V  =*  -— = *- -— —  '       • 

length  of  flange  equal  to  said  l  Greatest  allowable  strain 

depth  J  on  eacn  rivet»  *n  lbs 

The  Vert  or  shearing  strain  may  be  found  by  PP  532,  Ac. 
If  this,  in  any  case,  makes  the  pitch  of  the  rivets  less  thau  about  2%  *U8»  the  thick 
ness  of  the  web-plate  should  be  increased. 

• 

Art.  7.  The  web  has  to  resist  the  vert  forces  acting  upon  the  girder,  and  to 
transmit  them  to  the  abuts.  In  doing  so,  it  is  regarded  as  acting  like  the  web  mem- 
bers of  the  Pratt  truss,  Fig  31,  p  595,  In  that  truss  the  compressive  strains  are  re- 
sisted by  the  vert  posts;  and  the  tensile  strains  by  the  main  obliques,  ccc.  In  the 
plate  girder,  vert  stiffeoers  of  angle  or  T  iron,  riveted  to  the  web,  take  the  place  of 
the  vert  posts,  and  resist  the  crushing  strains;  while  the  web  itself,  in  the  panels 
between  the  stiffen ers,  takes  the  place  of  the  obliques,  and  resists  the  diag  tensile 
strains.  For  the  vert  strain  at  any  point  in  the  span,  see  pp  532,  Ac 
The  silas;  tensile  strain  on  the  web  will  be  » 

Said  vert  strain  X  length  of  diagonal  drawn  across  a  panel 

depth  of  girder. 

This  last  strain,  however,  need  not  be  specially  considered ;  because,  if  the  web  is 
made  strong  enough  to  resist  the  crippling  tendeucy  of  the  rivets,  it  will  also  be 
strong  enough  to  resist  the  diag  tensile  strain. 

Arc.  S.  The  longitudinal  hor  sllst  between  two  stiffener*  is  usually 
made  about  equal  to  the  depth  of  the  girder ;  except  that  it  is  seldom  less  than  about 
3  ft,  or  more  than  .5  ft,  whatever  the  depth  of  the  girder  may  be.  The  stifleners 
are  generally  placed  somewhat  nearer  together  toward  the  ends  of  the  span  than  at 
its  center.  , 

In  such  railroad  bridges  as  Nos  4 and  6,  in  our  list,  p  545,  in  which  the  road  is  car- 
ried by  transverse  floor  girders ;  a  heavy  stiffener  is  placed  at  the  end  of  each  floor 
girder.  The  stifleners  are  thus  about  8  ft  apart ;  and,  as  this  exceeds  considerably 
the  usual  limit,  a  lighter  stiffener  is  placed  between  each  two  of  the  principal  ones. 
See  foot-note  %,  p  545. 

Art.  9.  Dimensions  of  stifleners.  Fiud  by  pp  582,  Ac,  the  vert  strain 
on  the  girder  at  the  point  where  the  stiffener  is  to  be  placed.  Then,  having  decided 
upon  the  shape  of  the  stiffener,  find  its  area  of  cross-section  by  means  of  the  rules  for 
iron  pillars,  pp  439  etc. 
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If  the  stiffener,  as  usual,  is  of  angle  iron,  or  T  iron,  riveted  to  the  opposite  safes 
of  the  web  plate ;. 

Square  of  width  of  stiffener  in  ins 
Square  Of  least      )  _ ,  »•»«--»— a    measured  transversely  of  the  girder 
radius  of  gyration/  ~  lApprox; ___£ 5 

In  order  to  have  as  great  a  radius  of  gyration  as  possible,  the  narrower  leg  of  an 
angle  stiffener  (if  the  legs  are  unequal)  is  riveted  to  the  web,  leaving  the  wider  one 
projecting. 

The  area  of  hor  cross  section  of  the  small  portion  of  the  web  between  the  two 
angles  or  T's  of  the  stiffener,  is  included  in  that  of  the  stiffener;  but  that  of  any 
packing  pieces  (see  foot-note  J,  p  545)  is  not, because  the  latter  have  no  firm  bearing 
upon  the  flanges  of  the  girder,  and  therefore  give  comparatively  little  support  to 
the  stiffener. 

Art.  10.  As  already  stated,  if  the  web  is  proportioned  as  in  Art  6,  so  as  to  be 
of  sufficient  thickness  to  be  safe  against  crippling  by  the  rivets,  it  will  also  be  strong 
enough  to  resist  safely  the  tensile  strain. 

Art.  11.  The  web  may  also  be  regarded  as  resisting  the  shearing*  and 
buckling  tendencies  of  the  vert  strains  iu  the  girder.  The  amount  of  the  vert 
strain,  at  any  point  in  the  span,  may  be  found  by  pp  532,  Ac. 

The  average  ult  shearing  strength  of  rolled  bridge  plate  is  about  45000  lbs  per  sq 
inch ;  and  its  safe  strength  say  9000  lbs ;  but,  owing  to  the  considerable  depth  of  the 
web  as  compared  with  its  thickness,  it  is  more  liable  to  fail  throngh  buckling.  In 
resisting  the  buckling  tendency,  it  acts  like  a  flat  column;  and  its  ult  load  may  be 
found  approx  by  the  following  formula,  which  is  similar,  in  principle,  to  that  need 
for  columns: 

Hit  buckling  load)    = ?°J5? . 

in  lbs  per*  sq  inch  of  vert>        _         depth8,  in  ins _^ 

cross-section  of  web  J         *  +    1000  X  thickness8,  in  ins 

in  which  30000  is  taken  as  the  ult  crushing  load  in  lbs  per  sq  inch,  of  wrought  iron 
in  short  blocks. 

Ult  buckling  load 
Safe  buckling  load  =-        Factor  of  safety,  say  from  3  to  6  according  to 

circumstances 

Art.  12.    In  the  box  girder,  Figs  24  and  25,  if  we  could  be  certain  that 

the  strains  were  equally  divided  between  the  two  webs,  that  on  either  one  would 
of  course  be  half  that  as  found  for  the  whole  girder;  but  in  practice  one  web  is  likely, 
through  unavoidable  inaccuracies  in  riveting,  Ac,  to  receive  more  than  its  share  of 
the  strain ;  and  considerable  margin  should  be  allowed,  according  to  circumstances, 
to  cover  this  uncertainty. 

For  this  reason,  plate  girders  are  more  economical  than  box  girders. 
They  have,  also,  the  advantage  of  being  more  readily  accessible  for  inspection,  re- 
pairs, painting,  Ac.  On  the  other  hand,  box  girders  have  greater  lateral 
stability. 

Art.  13.  Formulae  for  the  ultimate  crippling  strength  of  well  made 
plate  and  box  girders,  so  proportioned  as  to  be  secure  against  buckling  and  against 
yielding  sideways,  and  loaded  with  a  quiescent  weight;  taking  the  breaking  tensile 
strength  of  wrought-iron  at  44800  lbs,  and  its  elastic  limit  at  half  this,  or  22400  lbs 
=  10  tons,  per  sq  inch. 

Quiescent    cen  "1        Area  of  cross      Depth  in  ins  between 
crippling  load,  section        of  v  the   cens  of  grav  of  v  -kqq 

including       %  j-  =  lower    flange  *  cross   section  of    the  *  ^^^ 
the  wt  of  clear  I       in  sq  ins  •'  flanges,  at  cen  of  span 

span  of  girder  )  Span  in  feet. 

The  load  so  found  is  that  which  would  cripple  the  girder  by  bending  it  beyond] 
recovery.    Galling  it  W ;  then 

half  the  wt  of  the 
Quiescent  extraneous  crippling  load  in  lbs  =  W  —  clear   span  of  the 

girder  in  lbs. 
Quiescent  distributed  crippling  load  in  lbs,  including  \   _  f  _.     w 
the  wt  of  the  clear  span  of  the  beam  f  ~~  lwlce  w* 

Quiescent  extraneous  distributed  crippling  load,  in  lbs  = 

/w;~A  \xr\      weight  of  entire  clear  span 
(twice  w;  —  of  gird<?r  in  lhB 

In  railroad  bridges,  a  factor  of  safety  of  3  is  used  with  the  above  loads. 
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Art.  14.    Formula?  for  deflections  within  the  limit  of  elasticity : 
Deflection  in  ins  at  center  of  ^  Load  in  tone  of  2240  lbs  X  Span*,  ft 

tributed  quiescent  load)        220  x  Depth*,  msX^  one  iange  in€q  lng 


Deflection  in  ins  at  center  of } 
span  under  a  quiescent  con-  > 
centra-ted  center  load     J 


Load  in  tons  of  2240  lbs  X  Span»,  ft 

i«7V   Ttantht  <na  V  Area  of  croM   section 

137  X  Depth*  ins  X  of  one  flange  in  ^  ing 


It  is  very  important  that  the  rivet  holes  in  the  web  should  agree  exactly  in  size 
and  position  with  the  corresponding  holes  in  the  vertical  legs  of  the  flange-angles; 
a*  otherwise  considerable  deflection  may  take  place  while  the  rivets  are  coming  to 
their  bearings,  and  undue  strains  be  brought  upon  the  web. 

Art..  15.  The  following  are  the  results  of  an  experiment  with  a  box 
beam  like  Fig  26  made  by  Trenton  (N  J)  Iron  Go.  Channels  6  ins  X  V/i  ins  X 
j4  inch.  Sides  %  inch  thick,  18  ins  deep.  Weight  207  lbs  per  yard.  Length  20  ft 
3  ins ;  jlear  span  19  ft  5  ins.   The  ends  steadied  sideways,  but  otherwise  unconfined. 


Cen  load.  lbs. 


0 
12990 

19920 
24230 

28744 

32284 
37844 

42387 
46923 

51400 
55986 

00553 

65069 

09954 


Def.  Ins. 


Cen  load.  lbs. 


Itf 


76862 
Interval  of  26  days. 
81342' 

85524  at  once  a 

crackling  noise 
commenced.  In 
10  min, 

In  1  hour, 

90302 

Withajufedeflnof 

This  increased 
until  the  side  plates  gave  way 
at  their  bottom  edges,  in  an 
hour. 


Def.  Ins. 


'4 


Art.  Iff. 

Weight    of ) 

entire  girder  of  ( 
uniform  cross  f 
section,  in  lbs  J 


(Area    of    vert 
cross  section  of        Length 
plates  and  an-  X  of  girder  X  10 
gles  alone,in  sq      in  yards 
ins 


) 


Allowance  Allowance 

,  for     heads  .  for      vert 

"*"  alone      of  *"*  stiffeners, 

rivets  Ac. 


The  weight  ©f  the  two  heads  Of  a  rivet,  after  driving,  may  be 
roughly  taken  as  averaging  about  two-thirds  of  that  of  the  entire  rivet.  More 
exactly: 


If  the  diam  of  rivet  is  %      H 

the  weight  of  Its  2  heads  is   .167      .2 


1 


Tginch, 


lbs. 


Biveted  girders,  erected,  cost,  per  pound,  about  twice  as  much  as  the  plates. 
See  p  402. 

Art.  17.  The  plates  are  usually  from  K  to  %  inch  thick,-  and  from  1 
ft  wide  up  to  20  ft  long,  to  6  ft  wide  up  to  16  ft  long.  The  angles  (see  pp  525,  Ac) 
are  from  2^X2^X%  to  6X«X1  inch.  The  rivets  (aee  pp  460,  Ac)  are 
from  %  to  \%  ins  diam,  usually  %  inch;  and  are  spaced  from  2l£  to  6  ins  apart 
from  center  to  center.    This  dist  from  cen  to  cen  of  rivets  is  called  their  pitch. 
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Art- IS.    KpM.Tf,»naa«L]lB»trmM  twOmfcof  MMhtal  the  «rt  WIS*. 

to  the  webs  of  the  girders,    formerly,  they  wars  sometimes  twiil.  both  at  top 
at  bottom,  M  at  it.  Fig  28, in  order  10  pole  Ilia  hor  angle  irons  of  the,  flatly.    » 

liar  toilr^SftbMe  »ng*«'  «  la  FtgS  » A,  M  B,  a§C,  nod  38  D;  an* tfaMl- 


rTg.» 

trimmed  to  Bt  them  closely.  Different  methods  ire  employed  to  enable?  tl 
■timnen  tw  pan  the  rrri  nuiet  of  the  an-rlea.  Sometimes,  as 
Plgt  26  A  and  28  E,  "packing  piece."  (flit  hart  of  rolled-iron]  are  placed  b*twt 

■ttftenor  meat  away,  neat  a  a,  tffg.2SC;  nod  sometlnieB  the  elinonen  are  crimi 
or  bent  slightly,  H  In  Fig  W  D. 


Fig-3B  C 


I1B.SS  z> 


Art.  19.  In  (hh  where  *  girder  It  placed  dtrectlj  under  each  rait,  the  dint 
■part  of  the  two  k  intern  of  a  single  track  bridge  is  about  6  ft.  Frequently, 
however,  and  especially  III  lung  >pxne  in  order  to  give  the  bridge  tufflnjent  latent 
Mi.hilltv.tli- main  girdcra  are  pl.c.d  further  apart;  and  the  crose-tlel,  T,  *lg  28  It, 

on  which  tin'  rail*  real,  arc  than  carried  by  loiigitiuliiial  ilringera,  9,  oflron  or  tlm- 

maln  girders,  G.    En  snr.li  case.  Ihn  latter  are  gen eraHj  about  12  ft  apart  Tor  tingle 
track,  or  where  3  girders  tire  uteri  B.r  double  track.    Where  only  two  girden  aie 


Alt.  80,    Where  tinneverse  noorgirder.  are  need,  they,  with  light  hor  dii 

Tit  HA,  tpecliil  mm*  strnt-tiea,  T,  Ac,  an  wed.    They  are  generally  ra 
sngleorTW 
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Fig  K  B  abowa  ons  of  the  tide  girden,  I 
nf  bridge  No  a.  Ai  in  No  4.  the  lunar  fli 
of  the  hor  lege  of  the  two  angle-bin,  mil 
platea,  P,«X!HX»  In. , Ihroogb  whi 


The  truck  atrlngara  are  atay sd  bj  beat  plntee,  B,  which  its  riveted  Is  them  and 
to  the  opper  Bug*  of  each  cm*  girder,  ii..  nunn  bn»  of  f%  X  «V4  X  K 
id.li  angle-Iron.  One  of  theee  ii  rtnted,  bj  muni  of  »  connecting-plat*,  to  the 
nppor  flung*  of  mctl  track-erringer,  at  tin  Joint  with  th«  nwxt  on.     The  plate,  0.  of 

(Mtfon*  .bow"  )!  Ud  two  UJlSl,™  W  X  j2  »nd  two  o  OHM,  M,  2^  XSX°S- 


On  p  n*n  in  ft-iven  the  prlnr.lpnl  dim  pub  Ions,  wale 

r,1rdLfflT.-nnp«iuL    Tlu>  numbers  (1,  2, 3,  £6,o)»reourown,andar*  «• . 

for  convenience  of  reference.  When  the  glrdera  ere  6  ft  apart  (Not  1,  i,  a,  »iid  6) 
the  bridge  ia  for  tingle  track,  the  crooa-tiaa  reit  direct);  upon,  ud  are  notched  to, 

The  lower  flange  of  each  main  girder  la  riveted,  at  each  and,  to  a  rectangular 
rollecVlrmi  "lrafaltar  plnte,"  "hWl    read   upon  a  .llghtlj  larger  "wall 

plntp."  Til.  two  platea  art,  hehl  to  the  abut  by  two  boltil  wnlr.lt  peea  Ihrongn 
holh  of  them.  At  one  end  of  the  apan,  the  bolt  holes  In  the  bolder  plat*  are  align  it j 
elongated  In  the  rtirortiiin  "f  tin-  Innpli  of  the  bridge,  BO  thai  the  bolster  ula.tr  but 
tilde  nri  ill,,  vail  plate  when  Hit-  girder  expands  auad  fWWIWi  under  the 
iiitiii.Mu:«-  of  heat  H»d  cold. 
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Standard  Plate  Girders,  Pennsylvania  Railroad. 

For  loads,  see  page  546. 


Oirders. 

Length. 

Span  * 

Dist  apart,  een  tooen. 

Approx  gross  wt,t  B>a 

One  girder,  alone .. 

Two   girders,    with 

transverse  brac'g 

for  single  track.. 

Middle  girder,  alone 

One     side    girder, 

alone 

Three  girders,  with 
transverse  brao'g, 
for  double  track. . 
Upper  flange,? 

Thickness, 

Atoen  of  span... 

At  ends  " 
Lower  flange,! 

Width 

Thickness, 

Atceuof  span... 

At  ends  " 

Web- plate. 

Depth 

Thickness 

Angle  stiff- 
en era. 

Sixe  §  at  oen  of  span.. 

"      at  ends  " 
Dist  apart 

At  ceo  of  span 

Near  ends  II  of  span 

Transverse 
girders. 

Dist  apart  oen  to  oen. 

Flanges 

Web 

Track 
stringers. 

Upper  flange. . . 

Lower    ••      

Web 


No.  1. 


So  rt«««  •  •  • 
25  to  SO  ft 
6ft. 

'6000 


14000 


10  in*MM 

l^ins... 
15164a.. 

10  ins. . . . 

1^  ins... 
1516  in.. 


86  ins 

Kin. 


2HX3XH* 
3X3KXK 

S  ft  6  ins.. 
2  ft  4  ins.. 


No.  2. 


VtF   TX«e*  •  •  • 

40  to  45  ft 
6  ft 

12000 


27700 


12  ins.*.. 

2  8-16  Ins. 
1  In 


12  ins.... 

IX  in*— 
1  in 


48  Ins. 
Kin.. 


SX4XK- 
3X4XK- 

4  ft  8  Ins., 

arteina. 


No.  3. 


50  ft  6  ins 
60  to  55  ft 
5ft 

17300 


89300 


2  9-16  ins. 
lin 

12  ins.... 

*H  ins... 
1  in 


68  ins. . . . 
Kin 


8X4XK- 
3X4  XX-. 

4  ft  10  ins 
8  ft  11  ins 


No.  4. 


6lft6Xtns 

56  ft. 

12  ft  2  ins 

"mmo*"" 

20080 

116000 
U.inA,... 


4  ins. 
1  in.. 


20  ins. . . 

3H  ins.. 
1  in 


60  ins. 

K  in.. 


4  ft  2  ins. 
4ft  2  ins. 


8  ft  4  ins. 
»"XK"... 

irxH"- 


8"X1M6" 

8K"X«". 
1*K"XK" 


No.  6. 


64  ft  81ns 
55  to  60  ft 
5  ft 

21500 


49300 


16  Uun... 

2%  Ins... 
1  in 

16  ins.... 

2)4  ins... 
1  in 


64  in*.... 
Kin 


3X3J4XK 
SHX3HXK 


4ft 
3ft 


11  ins 
111ns 


No.  6. 


70  ft  H  ini 
65  ft  6  ins 
12  ft  2  ins 


38000 

26000 

141500 

H.ins 

4K  ins 
1  in 

20  ins 

8  7-16  ins 
lin 


72  ins 
Kin 


T 
% 

4  ft  Sine 
4  ft  Sinn 


8ftStf  in* 

9"X«" 

19"XK" 


8"XK*  ' 
8K"X7-16* 
1WXK" 


*  By  "apsw n  here  is  meant  the  clear  distance  between  the  abuts,  taken  just  below  the  coping. 
The  span  to  be  used  in  ascertaining  moments  of  rupture,  Ac.  is  measured  between  the  centers  or  the 
wall-plates  on  which  the  girder  rests ;  and  is  generally  from  1  to  2  ft  less  than  the  length  of  tbe  girder. 

t  These  weights  include  the  weights  of  the  entir*  rivets  (shanks  and  heads),  and  that  of  the  plates 
and  angles  as  ordered  from  the  mill,  and  before  any  subsequent  reduction  by  trimming,  or  by  punch* 
lag  for  rivet  holes,  Ac. 

X  Under  *'  flange  "  we  include  not  only  the  hor  flange-plates,  but  also  the  hor  legs  or  the  two  angle- 
bars  by  which  said  flange- plates  are  fastened  to  the  vert  web.  The  thickness  of  these  angles  is  In- 
cluded in  the  flange  thleknes*.  Together  they  are  generally  narrower  than  the  flange-plates. 
By  **  width  of  flange**  we  mean  its  greaUat  width,  or  the  width  or  the  widest  flange-plate. 

§  Each  vert  atUTener  has,  between  it  and  tbe  web,  a  "packing"  consisting  of  a  flat  bar  of 
rolled  iron  as  wide  as  that  leg  of  the  angle  stiffener  which  is  fastened  to  the  web  of  the  girder,  or 
wider,  and  as  thick  as  the  angles  of  the  upper  and  lower  flanges.  As  shown  in  both  figs,  the  atiffener* 
extend  between  the  hor  flanges  of  the  upper  and  lower  angles ;  but  the  packing  pUee*  only  between 
the  eetyes  oX  their  vers  flanges.  Tbe  packing  pieces,  by  keeping  the  stiffeners  away  from  the  web, 
render  it  nnneoesjanr  to  bend  them,  as  at  i  i,  Fig  28,  or  as  in  Fig  28  D,  or  to  ont  away  part  of  their 
flanges,  as  in  Fig  28  C,  in  order  to  enable  them  to  pass  the  flange-angles. 

II  At  ea«n  end  of  the  anna*  over  the  abuts,  two  or  more  vert  stiffeners  are  placed  on  each  side 
ef  the  beam  and  quite  near  each  other,  in  order  to  withstand  the  severe  strains  at  those  points.  One 
wide  packing  pieee  is  placed  under  these  on  each  side  of  the  girder.  Across  each  end  of  the-girder  a 
^aaver^Btate**  *■  riveted  to  the  end  stifleners.  It  U  about  K  inoh  thick,  as  wide  as  the  flanges 
(taper! or  when  these  are  of  unequal  width),  and  as  high  as  the  extreme  end  depth  of  tbe  girder. 

*  In  No*  4  and  6*  the  stifleners,  at  the  points  where  tbe  transverse  floor-girders  are  attached, 
consist  each  of  two  angle-bars  placed  together  with  a  plate  between  them,  so  as  to  form  a  T.  The 
angles  are  about  SX  X  5  X  H  inch,  and  the  plates  between  them  are  about  XX8  inch.  The  inter* 
nifiiisto  stiffeners  are  single  angle-bars  with  packing  pieces,  as  in  the  smaller  spans.    See  Art  8. 
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The  bridges  in  the  table  are  required  to  carry  safeiy  either  one  of  the  three  fol- 
lowing moving  loads,  A,  B,  or  0.  If  the  bridge  is  double  track,  it  must  carry  such 
a  load  on  each  track  at  the  same  time,  the  two  loads  headed  in  the  same  direction. 


"Typical  * 
consolidation 
locomotive. 


Tender. 


"  Typical w 

consolidation 

locomotive. 


Tender. 


Train. 


^*    Qi    c*    5i    fit         rir-»i-*F-»  rt    ^    8    S    a         •"*' 

oQQOQ     oooo       oQQQQo( 

ft.    7.5  4.5  4.5  4.5    10i5   5.0  5.5  5.0    8.0     7.5  4.5  4£  44    10.5   5. 


OOP         f 
0  6.5  5.0     3.0 


"Typical" 
passenger      B 
locomotive. 


Tender. 


"Typical" 

passenger 

locomotive. 


Tender. 


/■"»■ 


ft.    5.5  9.0  8.0     9.5       5 


OOP  Q    O   Q  Q  O   < 

.0  5.5  5.0      8.0      5.5  9.0  8.0     0.5      5.0 


POP 


Shifting 
locomotive 
"class  M" 
PennaRR. 


c 


Tender. 


£ 


o    o 


m  p   p 

ft.      6.0  4.7    18.3   4.8   3.7  4.8     5.0 


6.5  5.0     34 

The  above  "  typical "  engines  were  de- 
signed (in  skeleton)  by  Mr  Wilson,  for 
use  in  planning  bridges  for  the  Fenna 
Train.  R  R»  They  were  purposely  made  some- 
what heavier  than  the  engines  actaally 
in  use  on  the  road,  in  order  to  provide 
for  the  constantly  increasing  dimensions 
and  weights  of  the  latter,  which,  how- 
ever, are  last  approaching  these  "typ- 
ical "  figures.  Indeed,  the  shifting  «n- 
gine  C,  here  given  ("Class  M n\  which 
is  in  actual  nse,  produces,  with  certain 
lengths  of  span  and  panel,  greater  strains  in  a  trass  than  either  of  the  two  typical 
engines.  In  calculating  the  strains  on  web  members,  the  cross-girder  load  under  the 
foremost  pair  of  drivers  is  to  be  considered  as  the  head  of  the  train;  any  load  upon 
the  preceding  cross-girder  being  neglected. 

Equivalent  uniform  loads.  Owing  to  the  great  diversity  in  the  deetai 
of  locomotives  and  in  the  distribution  of  the  load  upon  their  several  pairs  of  wheels, 
the  method  of  specifying  the  actual  or  assumed  wheel- loads,  as  above,  necessitates 
much  laborious  calculation  of  strains  by  bridge-builders,  To  obviate  this,  Mr.  Oeo, 
H.  Pegram,  G.  E.,  suggests*  that  the  strains  in  plate  girders  and  in  the  chord* 
(ia and  mx,  Fig  13 f,  p  564)  of  trusses,  be  calculated  from  an  assumed  total  had  of 

(  3000  lbs  H r— sr  )  Xapan  in  ft,  uniformly  distributed  over  the  entire  span  as 

V  span  in  ft  / 

in  Fig  41,  p  483 ;  and  that  the  strains  in  the  web  member*  (as,  c  r,  etc,  Fig  13 f)  of  tmeses 
be  calculated  from  an  assumed  load  consisting  of  a  train  weighing  3000  lbs  peril  run 
and  of  a  single  concentrated  load  of  30000  lbs.  In  order  to  find  the  strains  on  the  several 
web  members  in  turn,  we  suppose  the  train  to  extend  from  one  end,  as  m  Tig  13  f,  of 
the  span,  first  to  o,  then  top,  etc,  and  thus  to  each  panel  point  in  succession ;  the  con- 
centrated load  being  supposed  to  be  placed  always  at  the  panel  point «,  «,  etc,  next 
behind  the  head  e,  p,  etc  of  the  train.  The  first  half  panel  load  is  to  be  neglected  to 
making  the  calculations.  Thus,  if  the  train  be  supposed  to  extend  from  at  to  9,  Fig 
13  f,  the  concentrated  load  would  be  assumed  to  be  at  p,  making  the  original  panel 
load  at»  and  at  o  each  =  30001b  X  length  of  one  panel  in  feet;  that  at  p  =  9009 
lbs  X  panel  length  v to  in  ft  +  30000  lbs;  and  the  half  panel  load  »f  would  be  ne- 
glected. Mr.  Pegram  finds  that  by  using  2900  lbs  and  25000  lbs  respect! very,  Instead 
of  the  above  3000  lbs  and  30000  lbs,  we  obtain  strains  practically  equal  to  the  greatest 
of  those  caused  by  any  of  the  above  arrangements  of  wheel  loads;  and  that  by  nates 
3500  fiw  and  35000  lbs  respectively  (as  would  seem  to  be  advisable  in  view  of  the  rapid 
Increase  in  the  weight  of  rolling  stock),  we  should  add  but  about  10  per  cent  to  the 
weights  of  bridges  designed  for  the  above  wheel  loads. 


*  Transactions,  American  Society  of  Civil  engineers,  June,  1808. 
f  With  60000  lbs  uniformly  distributed,  the  breaking  moment  at  any 
tame  as  would  be  caused  by  30000  lbs  concentrated  at  that  point 


point  is  the 


TRUSSES.  547 

TEUSSES. 


Art.  1*  When  the  span  of  a  bridge,  roof,  Ac,  becomes  so  great  that  single  solid 
beams,  supported  at  their  ends,  cannot  be  employed,  we  resort  to  compound  beams, 
called  trusses,  composed  of  several  pieces  so  arranged  and  united  as  to  furnish 
the  reqd  strength.  The  designing,  construction,  and  erection  of  trusses  of  great 
span,  especially  when  of  iron,  involve  such  a  multiplicity  of  important  detail,  that, 
like  the  building  of  locomotives,  cars,  Ac,  they  have  become  a  specialty,  or  a  dis- 
tinct branch  of  business,  to  which  persons  confine  themselves  to  the  exclusion  more 
or  less  of  other  departments ;  and  thus  attain  a  degree  of  skill  beyond  the  reach  of 
the  general  engineer.*  The  latter,  however,  should  possess  a  knowledge  of  the  sub- 
ject sufficient  at  least  to  enable  him  to  form  a  well-grounded  opinion  of  the  general 
merits  of  a  design ;  and  to  guard  him  against  the  adoption  of  one  involving  serious 
imperfections.  In  a  volume  like  this  we  can  aim  at  nothing  more  than  an  attempt 
to  illustrate  some  few  general  principles.  We  shall  confine  ourselves  to  such  trusses 
as  are  in  common  use;  showing  first  the  effects  of  uniform  stationary  loads,  as  in 
the  case  of  roofs;  and  then  those  of  moving  loads,  such  as  an  engine  and  train  on  a- 
bridge. 

Art.  2.  Most  of  the  bridge  trusses  in  common  use  have  two  long,  straight,  par- 
allel upper  and  lower  members  lt,ap\  andl  t,  ap,  Figs  10,11,  called  the 
Clioras ;  or  in  England,  the  booms.  Vertical  pieces  placed  between,  and  con- 
necting the  upper  and  lower  chords,  are  called  posts,  when  they  sustain  compres- 
sion; and  vertical  ties,  or  suspension  rods,  Ac,  when  they  sustain  tension 
or  pull.  The  oblique  pieces  seen  in  these  figs  are  called  braces,  strut-braces, 
main-braces,  Ac,  when  resisting  pres  or  thrust ;  or  tie-braces,  tension- 
braces,  main  oblique  ties,  oblique  suspension- rods,  Ac,  when 
resisting  pulls.  Sometimes  the  same  piece  is  adapted  to  bear  both  tension  and  com- 
pression alternately ;  and  may  then  be  called  a  tie-strut  or  a  strut-tie.  The 
oblique  members  alluded  to  are  sometimes  called  main-braces,  whether  they  are 
struts  or  ties ;  to  distinguish  them  from  counter-braces,  or  counters.  These 
last  are  not  shown  in  Figs  10  and  11,  but  are  seen  in  Figs  28  and  31,  crossing  the 
main  braces  diagonally.  These  posts,  braces,  counters,  ties,  Ac,  serve  not  only  to 
keep  the  two  chords  asunder,  and  to  prevent  them  from  bending;  but  to  transform 
the  transverse  strains  produced  by  the  wt  of  the  truss  and  its  load,  into  other  strains, 
acting  longitudinally,  or  lengthwise,  along  the  diff  members ;  and  to  conduct  said 
strains  along  the  truss,  to  the  flrra  supports  of  the  abuts.  A  load  placed  at  any  one 
of  these  members  is,  of  course,  partly  supported  by  each  abut ;  one  part  of  it  travels 
up  and  down  alternately  between  the  chords,  and  along  the  successive  members, 
until  it  reaches  one  abut ;  and  the  other  part,  in  like  manner,  goes  to  the  other  abut. 
These  members,  therefore,  perform  the  duty  of  the  vert  web  of  the  Hodgkinson 
beam ;  or  of  the  I  rolled  beams,  or  of  the  tubular  girder;  and  on  this  account  are  col- 
lectively called  the  web  members,  in  contradistinction  from  the  chords.  Each 
portion  of  any  load,  while  being  transferred  by  the  web  memtiere,  from  the  spot  at 
which  it  is  placed  on  the  truss,  to  its  final  point  of  support  on  the  abut,  produces  a 
strain  equal  to  itself  upon  every  vert  web  member  along  which  it  travels  between  the 
parallel  chords ;  while  upon  each  oblique  member  encountered  on  its  way,  it  produces 
a  strain  greater  than  itself,  in  the  same  proportion  that  the  oblique  member  is  longer 
than  a  vert  one. 

Whether  the  web  members  are  strained  by  compression,  or  by  tension ;  or,  in 
other  words,  whether  they  act  as  struts,  or  as  ties,  the  amount  of  strain  will  bo  the 
same.  In  either  case  the  straining  agent  is  the  same  identicat  force,  namely  the  wtt 
or  vert  force  of  gravity  of  the  truss  itself,  and  of  its  load ;  and  (Art  25,  of  Force  in 
Rigid  Bodies)  whether  this  force  exhibits  itself  as  a  push,  or  as  a  pull,  neither  its 
amount,  nor  its  direction  undergoes  any  change.  So  far,  therefore,  as  regards  the 
broad  principle  involved  in  the  duty  performed  by  the  web  members,  they  might  be 
divided  simply  into  verticals,  and  obliques.  We  shall  frequently  so  desig- 
nate them. 

Whatever  amount  of  strain  the  upper  end  of  an  oblique  produces  in  one  direction 
against  the  upper  chord,  that  same  amount  will  its  lower  end  produce  against  the 
parallel  lower  chord ;  but  in  the  opposite  direction.  That  is,  if  the  top  or  head  of 
any  oblique,  pushes  the  upper  chord  toward  the  right  hand;  its  foot  will  pull  the 
lower  chord  to  the  same  extent  toward  the  left  hand.    This,  however,  is  not  pre- 

•  The  first  writer  to  whom  we  are  Indebted  for  a  knowledge  of  correct  principles  on  this  subject  is 
g.  WnrprL«,  C.  K-,  the  first  edition  of  whose  book  (beyond  all  doubt  the  pioneer  one)  bears  date, 
TJtkM,  N.  York,  1847.  Hewas  followed  by  Bow.  of  England,  and  Haupt,  of  this  country,  both  in  1851. 
/The  Murphy -Whipple  bridge  (or  which  Mr.  John  W.  Murphy,  C.  £.,  has  built  several  of  the  bestf 
owes  its  name  tc  these  two  gentlemen. 
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cixely  correct,  inasmuch  as  when  the  oblique  is  a  strut,  the  pres  at  its  foot  is  some- 
what greater  than  at  its  heafl,  because  the  foot  supports  also  the  wt  of  the  strut 
itself;  or  if  the  oblique  is  a  tie,  with  its  head  attached  to  the  upper  chord,  then  the 
strain  is  a  little  greater  at  the  head  than  at  the  foot ;  because  then  the  head  upholds 
the  wt  of  the  oblique,  and  the  foot  sustains  none  of  it.  This  remark  applies,  of 
course,  to  verts  also.  Another  exception  is,  when  the  ends  of  two  obliques  meet 
each  other ;  as  those  at  the  center  of  the  trusses,  in  Fig*  10  and  11.  If,  in  such  cases, 
the  ends  of  the  obliques  abut  against  each  other,  instead  of  being  separately  attached 
to  the  chord,  they  will  at  that  point  exert  their  strains  against  each  other,  instead  of 
against  the  chord. 

In  any  oblique,  as  c  d%  Fig  1,  the  vert  dist  a  c  between  its  ends;  and  the  hor  dist 
a  d  between  the  same,  are  called  its  vert  and  hor  spreads,  or  stretches,  or 
reaches. 

Art*  3«  There  is  a  great  diff  in  principle  between  two  classes  of  trusses  in 
common  use.  In  some  of  them,  two  chords  are  absolutely  essential,  as  in  the 
Howe  trass,  p594;  the  Pratt,  p  595;  the  Lattice,  p596;  the  Warren,  p669;  and 
their  various  modifications,  known  as  the  Murphy-Whipple.  the  Linville,  the  Latrop, 
■Ac,  Ac,  which  differ  only  in  certain  unessential  details.  In  the  Howe  and  Pratt 
trusses  there  is  no  diff  whatever  of  broad  principle.  The  distinction  between  them 
consisting  chiefly  in  the  fact  that  in  Howe's  the  verts  are  ties,  or  suspension  rods ; 
and  the  obliques,  struts;  while  in  Pratt's,  the  verts  are  posts;  and  the  obliques,  ties. 
In  all  these  the  strains  on  the  verts  and  mum  obliques  (not  on  the  counters)  are  least 
at  the  center  of  the  truss ;  and  increase  gradually  toward  the  end  of  it;  while  those 
on  the  chords  (as  in  an  ordinary  wooden  beam)  are  greatest  at  the  center,  and  least 
at  the  ends.  Hence,  also,  such  are  called  beam  trusses)*  The  strains  on  the 
counters  are  also  greatest  at  the  center. 

But  there  is  another  class,  called  suspension  trusses,  of  which  the  Fink. 
Figs  46  and  47 ;  and  the  Boll  man,  Tigs  44,  45,  are  the  principal  representatives* 
In  these  but  one  chord  is  essential  for  a  perfect  truss.  From  this  chord  the  web 
members  are  suspended;  and  to  it  alone  do  they  all  transfer  their  strains;  and 
the  strain  ou  this  hor  chord  is  uniform  from  end  to  end.  Figs  45  and  47  show 
perfect  bridges,  with  but  one  chord  each.  In  Figs  44  and  46,  nn,  nn,  appear  to 
be  chords ;  but  strictly  speaking  they  are  not ;  they  are  merely  longitudinal  pieces 
for  upholding  the  cross-beams  of  the  flooring,  when  the  roadway  is  placed  at  the 
bottom  of  the  truss.    They  have  not  to  resist  tension,  as  in  beam  trusses. 

In  all  the  foramentioned  tr usees  (he  roadway  may  be  placed  oa  either  the  top  or  the  bottom  ohord; 
constituting  in  the  first  caxe  n  top  road*  or  a  deck  bridge  i  and  in  the  aeoond,  a  bottoaa 
road,  or  a  through  bridge* 

Art.  4.  That  part  of  a  truss,  such  as  Figs  10,  28, 31;  Ac,  that  is  comprised  be- 
tween two  adjacent  verts,  is  called  a  panel;  thus,  in  FiglO,  «t/d,  djifcc,  Ac;  and 
in  Fig  31,  of  Pratt,  /  y  n  tt>,  is  a  panel.  The  Triangular  or  Warren  truss,  Fig  11,  p 
558  has  no  verts,  as  essential  parts  of  it ;  and  its  subdivisions  are  called  simply 
triangles ;  and  a  panel  is  a  length  of  truss  equal  to  the  width  of  a  triangle.  Verts 
are  sometimes  added  to  it  when  the  spaces  a  6,  b  e,e  d,  Fig  11,  become  too  long  for 
safely  supporting  the  roadway  without  them ;  thus  dividing  the  truss  into  half 
panels.  It  is  not  a  matter  of  practical  importance  as  regards  strength,  whether 
the  number  of  panels  in  a  truss  be  odd  or  even ;  but  it  is  usually  even,  with  a  vert 
at  the  center  or  a  truss. 

A  panel-point,  as  a,  b,  d.  e,  o,  or  n,  Fig  1,  Is  one  at  which  web-members 
meet  a  chord,  or  a  rafter  in  a  bridge  or  roof,  as  Fig  14,  b,  c,  s\  Ac, 

The  length  of  a  panel  is  its  horizontal  measurement.  The 
best  inclination  of  obliques,  as  regards  economy  of  material  in  the 

web,  is  when  their  least  angle  (I p  o,  or  son,  &c,  Fig  10)  with  the  chord  is  45°. 

This  applies  also  to  the  admirable  Warren  truss ;  in  which  the  triangles  are,  however, 

usually  made  equilateral.  When  the  span  is 
great,  and  the  height  of  truss  correspondingly  so, 
if  the  panels  be  made  square,  or  nearly  so,  with 
a  view  to  secure  this  inclination  of  about  45°  for 
the  obliques,  the  verts  (as  to%  in,  Ac,  Fig  10) 
will  become  so  far  apart,  that  the  stretches  ot 
distsjp  o,  on,  Ac,  become  too  long  to  be  safe  for 


Fig.  1. 


P ^       upholding  their  loads  of  engines,  car«,  Ac,  with 
out  additional  precautions.     When,  therefore, 
the  expense  or  inconvenience  resulting  from  this 
would  be  too  great,  the  verts  may,  as  in  Fig  1,  be 
placed  so  near  together  as  to  make  half  panels 
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much  higher  than  they  are  long;  and  the  obliques  (both  the  main  ones,  and  the 
dotted  counters)  then  rnn  across  one  vert,  as  in  the  Fig:  or  across  two,  if  neces- 
sary. In  the  Warren  girder,  the  expedient  is  to  introduce  verts ;  or  else  a  second  set 
of  triangles,  as  in  Fig  1,  omitting  the  verts.  From  8  to  12  or  15  ft  apart  are  ordinary 
diets  for  verts  in  bridges  of  moderately  large  spans.  Frequently  panels  are  made 
considerably  higher  than  long;  disregarding  the  economical  angle  of  45°.  In  large 
bridges,  the  main  obliques,  instead  of  being  each  in  one  piece,  are  usually  made  of 
two  or  more  parallel  pieces,  disposed  in  such  a  manner  as  to  let  the  counters  pass 
between  them  diagonally,  without  mutual  interference.  Each  lower  chord  (and  fre- 
quently the  upper  one  also)  in  large  spans,  is  usually  made  up  of  several  parallel 
beams  of  wood,  or  bars  of  iron,  aide  by  side. 

In  European  iron  bridges,  the  chords  are  generally  attached  to  the  web  mem- 
l>ers  by  riveting;  but  in  America  this  is  done  by  means  of  cylindrical  iron  or 
steel  pins  as  shown  for  a  lower  chord  in  Fig  61,  p  612. 

The  tension  members  in  the  web,  like  the  lower  chord,  generally  consist  of 
round,  flat  or  square  iron  bars,  with  eyes  (sx  Fig  61)  at  theif  ends  for  the  pas- 
sage of  the  pins. 

The  upper  chord,  and  the  struts  or  compression  members  in  the  web,  were  at 
first  generally  made  of  cast  iron  ;  but  they  are  now  almost  universally  of  rolled 
iron  or  steel.  To  give  them  sufficient  lateral  stability  as  pillars  without  an  un- 
due expenditure  of  material,  they  are  made  hollow.  "Many  different  shapes  are 
used.  That  shown  in  Figs  13  and  14  of  «•  Trestles  ",  p  757,  is  a  common  one ;  fre* 
quently  with  channel  bars  (p  521)  instead  of  the  side  plates  and  angles  of  Fig 
14.  The  Phcenix  segment  column  (p  449)  is  also  very  largely  used  for  this  pur- 
pose. The  ends  of  the  struts,  like  those  of  the  ties,  are  furnished  with  eyes  for 
the  passage  of  the  pins. 

When  the  web  of  an  iron  or  steel  bridge  truss  consists  of  inclined  and  verti- 
cal members  they  are  so  arranged  that  the  vertical,  or  shorter^  members  shall  bear 
the  compressive  strains,  and  the  inclined,  or  longer,  members  the  tensile  strains, 
as  in  Fig  31,  p  595;*  because  (see  lines  11  to  18,  p  457)  a  short  pillar  is  stronger 
than  a  longer  one  of  the  same  material  and  cross  section.  In  great  spans, 
where  the  truss  is  necessarily  very  deep,  the  obliques  are  often  made  to  crosa 
too  panels,  as  in  Fig  1,  thus  intersecting  each  vertical  post  at  its  center.  In 
such  cases  the  oblique  is  sometimes  fastened  to  the  post  by  a  pin  at  the  point 
of  intersection,  in  order  to  further  strengthen  the  post  and  to  prevent  the  long 
oblique  from  sagging. 

In  wooden  bridges,  the  verts  are  generally  ties,  and  the  obliques,  posts,  as  in  Fig 
10,  p  658.  The  Howe,  Fig  28,  p  594,  has  oblique  wooden  struts,  and  vert  iron  ties. 

In  long  spans  provision  must  be  made  for  the  expansion  and  contrac- 
tion of  the  truss  under  the  effects  of  neat  and  cold.    See  p  614. 

If  in  Fig  10  we  Imagine  lines  crossing  the  panels  diag,  as  the  main  obliques  shown 
in  the  Fig  do,  but  in  the  opposite  direction,  as  shown  in  Figs  28  and  31,  they  will  rep- 
resent counter-braces,  or  counters.  These,  like  the  main  obliques,  are  in 
some  cases  struts,  and  in  others  ties.  Although  important  members,  they  are  less  so 
than  the  main  obliques.  They  are  unnecessary  when  the  load  is  uniform  and  station- 
ary, as  is  usually  assumed  to  be  the  case  in  roofs ;  and  are  required  only  when  the 
load  is  unequal,  or  a  moving  one,  as  in  a  train  crossing  a  bridge.  In  this  last  case  they 
act  chiefly  while  the  span  is  but  partially  loaded.  If  the  train  at  any  moment  covers 
the  entire  span,  and  is  of  uniform  wt,  their  action  ceases  for  that  time.  Their  office 
is  solely  to  counteract  the  deranging  tendency  of  the  unequal  loading  of  diff  parts 
of  the  truss,  as  shown  in  Figs  9%.  In  Fig  9  b,  an  excess  of  load  along  a  a 

would  tend  to  derange  the  main  braces  /to  and  ta\  and  this  would  be  counteracted 
by  counters  across  co  and  ts.  The  same  thing  may  be  effected  by  arranging  the  main 
braces,  ho,  ta,  so  as  to  bear  tension  as  well  as  compression.  The  t>ad  effects  of  une- 
qual loads  must  plainly  become  greater  in  proportion  as  the  load  is  heavier  than  the 
truss  itself;  and  when  the  bridge  becomes  very  heavy,  so  that  the  load  must  extend 
over  several  panels  before  its  effects  become  serious,  but  little  counterbracing  is 
needed;  and  that  at  and  near  the  center  only;  whereas,  in  a  very  light  bridge,  the 
counters  should  extend  from  the  center,  where  they  are  most  strained ;  to  near  the 
ends,  where  the  strain  upon  them  is  least.  Inasmuch  as  we  shall  first  speak  of  uni- 
formly loaded  trusses,  we  shall  not  here  say  more  respecting  counters.  See  Remark, 
Art  10. 


*  Except  that,  when  the  roadway  is  on  the  lower  chord,  the  two  web  meinhers 
l dating  upon  the  abutments  are  generally  inclined  struts. 
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It  would  at  first  sight  appear  that  the  several  parts  of  a  bridge  truss  must  be  mort 
strained  when  covered  from  end  to  end  with  its  maximum  load ;  but  this  is  true  only 
of  the  chords;  and  of  the  main  obliques  and  verts,  as  2a,  tp,  Fig  10,  at  the  ends  of 
the  truss.  The  other  web  members  are  more  strained  by  a  part  of  the  load  as  it  passes 
•long  the  truss ;  eo  that  if  they  be  correctly  proportioned  for  a  full  load,  they  will 
be  too  weak  for  a  partial  one.  If  all  be  made  as  strong  as  the  end  ones,  they  will,  it 
is  true,  be  safe  for  a  passing  load ;  but  this  would  require  an  expense  of  material  that 
would  be  justified  only  in  the  case  of  moderate  spans,  especially  of  wood ;  in  which 
the  additional  trouble  and  expense  of  getting  out  and  fitting  together  pieces  of 
many  diff  sizes,  may  more  than  counterbalance  the  saving  in  material. 

Art.  5.  Trusses  with  movinir  loads  require  calculation  diff  from 
that  for  uniform  loads.  We  shall  first  treat  of  the  latter  only ;  and  in  so  doing  shall 
not  employ  the  shortest  methods,  but  such  as  will  render  the  general  principles  clear 
to  any  one  acquainted  with  the  simple  elements  of  "Composition  and  Resolution  of 
Forces."  The  strains  on  trusses  may  be  found  with  all  the  accuracy  needed  for  prac- 
tical purposes,  by  means  of  diagrams  drawn  to  a  scale.  The  same  division  of  the  scale 
that  answers  for  a  foot  of  leugth,  may  also  represent  a  ton,  1000  me,  or  any  other 
convenient  wt,  load,  or  strain,  and  may  thus  be  used  for  measuring  the  lines  which 
represent  such. 

The  chords,  verts,  and  obliques  heretofore  mentioned,  constitute  all  the  essential 
elements  of  a  complete  truss :  but  other  pieces  are  necessary  for  a  complete 
bridge;  such  as  roof  and  floor  beams;  transverse  bracing  for  connecting  two  par- 
allel trusses  with  one  another,  so  as  better  to  resist  lateral  or  sidewise  motion  from 
winds  or  lurchings  of  trains ;  bars  for  tying  the  truss  to  the  piers  and  abutments  in 
some  cases,  Ac.  The  same  may  be  said  of  the  extension  frequently  made  at  the  ends 
of  either  an  upper  or  a  lower  chord  of  a  bridge  as  shown  at  v  v  in  the  bottom  chord 
of  Fig  31.  Here  the  trusses  are  perfect  without  the  extensions ;  but  the  bridge 

requires  them,  to  allow  the  load  to  reach  and  to  leave  it.    They  may  be  needed  for 
the  same  purpose  in  an  upper  chord  of  a  top-road  bridge ;  or  for  extending  a  roof 
over  an  entire  span,  Ac.    The  end  vort  posts p  «,of  the  same  Fig    are  not  parts  of 
the  truss,  but  supports  for  upholding  it ;  also,  the  posts  p  and  d\  Fig  28,  are  not  es 
sential  to  the  trust. 

Art.  6.    Chords.    When  a  beam  a  b,  Fig  3,  supported  at  both  ends,  breaks 

either  undsr  its  own  wt,  or  under  the 
action  of  a  load  placed  on  top  of  it,  or 
suspended  from  it  below,  it  does  so  be- 
cause the  lower  fibres,  near  its  center 
2,  are  pulled  asunder ;  and  its  upper 
ones  at  *,  crushed  together  to  such  an 
extent  as  to  offer  no  effective  resist- 
ance.  The  fig  shows  this  in  a  some- 
pjj»  3,  what  exaggerated  manner.    The  ex- 

treme  upperparticles  at «,  and  the  ex- 
treme lower  ones  at  {,  being  the  most 
strained,  give  way  first ;  and  the  strength  of  the  beam  being  thereby  diminished,  the 
adjacent  ones  give  way  in  rapid  succession.  The  compressed  particles  of  the  beam 
are  all  above  a  certain  point  n ;  while  the  extended  ones  are  below  it-  If  we  imagine 
an  infinitely  fine  needle  to  be  held  perp  to  this  page,  and  in  that  position  to  be  stuck 
through  the  point  n,  passing  entirely  through  the  beam,  or  page,  then  the  infinitely 
fine  hole  thus  made  will  pass  along  what  is  called  the  nen trail  axis  of  the  beam. 
It  is  so  named  because  the  fibres  situated  in  that  line,  and  which  were  cut  in  two  by 
the  needle,  are  neither  compressed  nor  extended,  until  the  strain  becomes  so  great 
that  on  its  removal  the  beam  will  not  entirely  recover  itself;  or,  in  other  words, 
until  the  strain  exceeds  the  elastic  limit  of  tho  beam.  Within  the  limits  of  elasticity, 
the  neutral  axis  may  be  assumed  to  pass  through  the  cen  of  grav  of  the  cross-section 

of  the  beam.  Thus,  if  the  cross-section  be  of 

any  of  the  forms  shown  in  Fig  4,  then  so  long 

as  the  beam  is  safe,  or  the  load  within  the 

elastic  limits,  the  line  ua  will  pass  along  its 

cen  of  grav ;  which  is  at  the  same  time  its 

neutral  axis.    But  the  chords  of  a  truss 

differ  essentially  in  condition  from  the 

fibres  of  the  beam,  as  will  be  Been  by  comparing  pp  485  and  486  with  Art.  2,  p  588, 

where  it  is  shown  that  while  the  resistance  of  a  closed  beam  is  in  proportion  to  the 

square  of  its  depth,  that  of  a  truss,  or  open  beam,  is  proportiouai  simply  to  Its  depth. 

The  same  quantity  of  material  that  composes  the  beam  a  b  Fig  3,  will  present  *u 
more  resistance  to  bending  or  breaking  if  it  be  cut  in  two  lengthwise  along  the  hori- 
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sontal  plane  a  b,  and  converted  into  top  and  bottom  chorda  of  a  truss ;  because  the 
leverage  with  which  the  resistance  acts  is  thus  greatly  increased.  Besides,  the  depths 
of  the  chords  are  so  small  compared  with  their  distance  from  the  neutral  axis,  that 
their  fibres  may  be  assumed  to  act  unitedly  and  equally.  Hence,  practically,  all  the 
fibres  in  the  upper  chord  must  be  crushed,  or  all  those  in  the  lower  chord  pulled 
apart,  at  the  same  instant,  before  the  truss  can  give  way ;  whereas,  in  the  solid  beam, 
ab  Fig  3,  the  extreme  upper  or  lower  fibres  yield  first ;  then  those  next  to  them,  and 
so  on,  one  after  the  other. 


Fifir.  4K. 


Art.  7.  In  the  designing  of  trusses,  especially  such  as  may  have  to 
bear  unequal  loads  at  different  parts,  as  in  a  bridge,  the 
point  chiefly  to  be  aimed  at  is  to  dispose  its  various 
parts  so  as  to  form  a  series  of  properly  connected  tri» 
angles,  because  in  that  shape  they  present  more 
resistance  to  derangement  of  form,  than  in  figs  of  a 
greater  number  of  sides.  Thus,  in  the  three  beams  at 
a,  Figs  4%,  with  a  bolt  at  each  junction  or  joint,  the 

triangular  form  evidently  cannot  be  changed  by  any  but  a  force  sufficient  to  either 
bend  or  break  either  the  beams  or  the  bolts.  But  in  the  4-sided  fig  ft,  the  form  may 
readily  be  changed  to  that  at  c,  by  a  force  at  n  entirely  too  small  to  injure  either 
the  beams  or  the  bolts.  In  a  the  bolts  assist  to  prevent  change  of  form ;  but  in  b 
they  are  merely  pivots,  around  which  great  changes  may  easily  take  place. 

Before  the  strains  can .  be  calculated,  and  the  truss  propor- 
tioned to  those  strains,  its  wkioht  must  »■  known  ;  for  this  tends  to  break  it,  as  well  as  the  extrane- 
ous load.  Bat.  on  the  other  hand,  we  cannot  learn  its  wt  until  we  know  the  size  of  its  diff  members. 
In  this  dilemma  we  mast  assume  for  it  an  approximate  wt,  based  upon  our  knowledge  of  somewhat 
similar  trasses  already  built.  This  becomes  the  more  necessary  as  the  truss  increases  in  size,  so  that 
Its  own  wt  becomes  greater  in  proportion  to  that  of  the  load.  The  table,  p  606,  gives  safe  assumed 
wta  for  bridge  trusses ;  and  p  580  will  aid  in  the  case  of  roofs.  In  very  small  spans,  especially  or 
bridges,  the  load  is  generally  so  mueh  greater  than  the  wt  of  the  trass,  that  the  latter  might  almost 
be  neglected  entirely. 

Bern.  For  finding  the  strains  on  a  paneled  truss  by  means  of  a  drawing,  it 
is  best  to  represent  each  member  by  a  single  line,  as  in  Figs  1, 10, 14, 23,  Ac.  Such 
is  called  a  skeleton  drawing  or  diagram  of  the  truss.  Each  of  the  parts 
into  which  the  panel-points  divide  either  chord,  or  a  rafter,  is  to  be  regarded  as 
a  separate  member. 

As  will  be  shown  farther  on,  a  load  consisting  of  some  portion  of  the  wt  of  the 
truss  and  its  load,  is  assumed  to  be  supported  at  each  panel-point.  All  the  forces 
which  meet  at  any  panel-point  (namely,  the  aforesaid  partial  load,  and  the  forces 
acting  lengthwise  of  the  members  which  meet  there)  nold  each  other  in  equili- 
brium. 

The  forces  aeting  upon  a  truss  (omitting  wind)  are  the  downward 
one  of  the  wt  of  itself  and  load ;  and  the  upward  one  of  the  reaction  of  the  abut- 
ments ;  and  these  two  forces  are  equal.  They  produce  all  the  strains  along  the 
members. 


Fig  5  is  the  most  simple  form  of  a  roof  truss 

eqaal    rafters   o  a,  ob; 
and  a  bor  tie-beam  a  b. 
Here,  as  in  roofs  gen- 
erally, the  entire  weight 
ef  the  truss,  and  of  its 
load    of   roof  •covering, 
snow,  wind,  Ac,  may  he 
assumed  to  be  uniformly 
distributed    across    the 
whole  span.   A  roof  con- 
sists of  several  trasses, 
I  laced  as  a  ally  from  8  to      m* 
2  ft  apart;   bat  some-     ^ 
times  maoh  less,  and  at 
others  much  more.   The 
trasses  rest  on  longitudi- 
nal timbers,  j>,j»,  called 
teaU- plate*,    stretching 
along  the  top  or  the  w  all ; 
and  serving  to  dlstribu  te 
the  wt  of  the  trass  and 
Us  load  over  a  greater 
area,    On  the  rafters,  and  at  intervals  of  a  few  ft,  are  fixed  pieces 


It  consists  of  two 


of  timber  called  purlins*  of 
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small  Mantling,  running  across  from  truss  to  trass  :  to  which  the  laths  or  hoards  are  nailed  which 
support  the  shingles,  tin,  or  slate,  Ac,  which  forms  the  roof- covering. 

A  truss  plainly  supports  all  the  purlius,  roof-covering,  suow,  &e,  Ac.  which  occupy  the  apace  half- 
way on  each  side  of  it  to  the  next  truss.  Thus,  suppo.se  a  span  of  90  ft,  and  each  rafter  to  be  16.8  ft 
long;  and  that  the  trusses  are  say  IX  ft  apart  from  center  to  center,  and  assume  (as  it  is  geueraily 
well  to  do,)  that  the  wt  of  the  truss,  covering,  snow,  Ac,  may  amount  to  40  lbs  per  aq  ft  of  area  of 
roof.  Then  each  truss  has  to  sustain  33.6  X  12  X  40  =  16128  lbs,  including  it*  own  weight.  Strictly 
the  wt  of  the  tie- beam  should  be  omitted;  because  in  Fig  5  no  part  of  it  is  upheld  by  the  rafters. 
It  is  very  trifling  however  in  comparison  with  the  load. 

To  find  tiie  strains  upon  the  different  parte  of  a  truss. 

Fie  5.  First  calculate  in  tho  manner  just  shown,  the  entire  wt  in  lbs  of  a  truss 
and  its  load.  Through  the  center  D  of  either  rafter  draw  a  vert  line  H  r.  From  o  draw  a  hor  line 
o  H.  Joiu  H  a.  Now  on  the  vert  line  H  r,  layoff  H I  by  any  convenient  scale  to  represent  the  entire 
uniformly  distributed  wt  of  one  rafter  and  its  load ;  and  draw  thn  hor  line  I  B.  Then  will  I  B  give 
by  the  same  scale  the  hor  force  at  the  head  of  the  rafter ;  and  H  £  the  amount  and  direction  of  the 
oblique  force  which  presses  the  foot  of  the  rafter.  The  hor  force  at  the  foot  of  the  rafter  wilt  be  eqaal 
to  that  at  its  head  ;•  and  equal  also  to  the  hor  pull  along  the  whole  length  of  the  tie- beam,  t 

Or,  consider  the  force  of  gravity,  G  R,  Fig  5}4,  (  =-  H  I)  as  resolved  into  two  com- 
ponents ;  one,  L  R,  in  the  direction  of  the  length  of  the  rafter  ;  and  the  other,  G  L, 


at  right  angles  to  it.  The  latter  is  the  force  which  tends  to  break  the  rafter  trans- 
versely, or  like  a  beam.  Since  the  rafter  is  uniformly  loaded,  the  cen  of  grav  G  fa  at 
the  center  of  its  length.  Hence,  by  the  principle  of  the  lever,  Art.  54,  p  339,  op,  =  % 
G  L,  is  exerted  against  the  top  of  the  other  rafter ;  and  the  other  half  a  q  at  the  abut 
a.  At  the  top,  op  causes,  or  is  resolved  into,  two  forces;  first,  the  horizontal  pres- 
sure o  b  (  =  I  E)  against  the  other  rafter ;  and,  second,  a  longitudinal  thrust  o  z  along 
o  a.%  This  thrust  (o  z)  is  uniform  from  o  to  a.  But  at  each  point  between  ©  and  •  it 
is  added  to  by  a  portion  of  the  other  longitudinal  thrust  L  R  which  arises  directhf  from 
the  pres  of  the  load.  Since  the  load  is  uniformly  distributed,  this  last  thrust  in- 
creases uniformly  from  nothing  at  the  top  o,  to  its  full  amount  L  R  at  the  foot,  a.  At 
the  top  therefore,  the  total  longitudinal  thrust  is  o  z.  At  G  it  is  o  a  -f  haif  LR.  At  a 
itisafc  =  o*4-LR;  and  combines  with  the  transverse  pres  a  q  there,  to  form  the 
remltant  pressure  a  v  of  the  foot  of  the  rafter,  which  is  of  course  the  same  as  H  E,  the 
resultant  formed  by  the  load  H I  and  the  horizontal  pres  I E  of  the  other  rafter.  ■  It 
will  be  noticed  that  the  horizontal  components,  i»  q  and  si,  of  a  q  and  a  k,  are  in  oppo- 
site directions.  Their  deference  (=  t  v)  is  the  pull  on  the  tie  beam,  and  is  =  I E  =  o  t. 
But  their  vert  components,  a  n  and  a  «,  are  both  downward  ;  and  their  mum  (b«1)v 
=  H I  =  the  load  on  o  a  =  the  upward  reaction  of  the  abut  a. 

The  sixes  in  Fig?  5  may  be  found  in  the  following  mainfr. 

Take,  for  example,  a  truss  of  white  pine,  of  30  ft  span,  and  TH  ft  rise.  The  wt  of  the  entire  roof. 
snow,  Ac,  fte,  40  lbs  per  sq  ft  of  roof  area.  Trusses  12  ft  apart  from  center  to  center ;  so  that  cweh 
truss  will  hare  to  sustain  a  total  load  (including  its  own  wt,)  of  33.6  x  40  X  1*=  16128  fee,  which  we 
may  call  16000,  or  each  rafter  8000  lbs.     We  will  calculate  each  part  with  a  safety  of  9;  which  wc 

•  The  foot  of  each  rafter  tends  to  slide  or  push  outward  horitontallj  la  the  direction  of  the  arrows 
t  and  v ;  each  with  A  force  equal  to  I B.  Bat  the  tie-beam  prevents  them  from  so  doing,  and  thns  con* 
verts  their  pittas*  iuto  pxtlU  against  each  other;  and  thereby  into  a  pulling  strain  along  the  whole 
tie-beam  itself,  to  an  amount  equal  to  one  of  the  forces ;  as  two  men  pulling  against  each  other  at  the 
two  ends  of  a  rope,  each  with  a  force  of  10  lb*,  only  strain  the  rope  10  lbs.  In  other  words,  it  reoatrrs 
two  equal  opposing  forces  of  10  lbs  each,  to  produce  one  atraln  of  10  l>s. 

t  And  there  is  a  hor  strain  to  the  same  degree  generated  at  every  point  along  the  length  of  eaot 
rafter. 

J  It  is  immaterial  whether  we  thus  resolve  o  p  direeOf  into  o  •  and  o  *,  (as  though  the  bead  ef  tho 
rafter  rested  against  a  vert  wall  at  o) ;  or  whether  we  nrst  resolve  it  between  the  two  rafters,  into  ee 
aud  o r.  For  in  the  latter  case  we  must  add  to  o  e  a  thrust  (ssomci)  produced  in  o  a  by  the  trans- 
verse pres  (similar  to  o  p)  of  the  head  of  the  other  rafter ;  and  the  sum  of  these  two  (o  c  and  o  r)  is 
*=  o#. 
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think  is  abundantly  sufficient,  with  the  assumption  of  40  lbs  per  sq  ft.    First  prepare  a  diagram 

at  the  truss,  on  a  soale  or  say  %  inch  to  a  ft    This  diagram  will  eonstst  of  but  three  Hues.    We  will 

■se  the  same  scale  of  H  loon  to  represent  1000  lbs  of  either  wt  or  strain.    Make  H I  by  scale  equal  to 

1  inch  ;  that  is  to  the  8000  lbs  uniformly  distributed  wtof  one  rafter  and  its  load.  Also  draw  IE,  and 

measure  it.    It  will  be  equal  in  this  case  (accidentally)  to  H  1,  or  8000  lbs ;  and  this  is  the  amount  of 

poll  along  the  tie-beam.* Now  we  see  by  table,  page  463,  that  average  whits  pine  breaks  under  a  pull 

10000 
of  10000  ma  per  sq  inch ;  so  that  for  a  safety  of  3,  we  must  not  subject  it  to  more  than — —  =3333 

«5 
lbs  pull  per  aqinoh.  The  weakest  part  of  the  tie-beam  is  where  it  is  cot  into,  near  the  ends,  for  foot* 
ing  the  rafters ;  and  even  what  is  there  left  by  the  cot,  is  usually  still  farther  reduced  by  the  holes 
of  the  bolts  or  spikes  driven  into  it  through  the  feet  of  the  rafters.  Therefore,  allowing  for  these 
things,  we  must  give  to  the  tie-beam  at  that  point  a  transverse  section,  of  solid  wood,  equal  at  least  to 
8000 

■-  =  3.4  sq  ins.  This  would  no  doubt  be  sufficient  to  resist  the  pull ;  but  there  are  other  considers/ 

3o«>3 

tions,  such  as  danger  of  sagging  or  breaking  down  if  persons  should  get  on  it ;  or  if  a  moderate  load 
should  chance  to  be  laid  upon  it,  4c,  which  cause  the  tie-beam  (even  when  unloaded  even  by  the  wt  of  a 
plastered  ceiling  below, t  as  is  here  supposed  to  be  the  case,)  to  be  made  about  as  large  as  a  rafter. 
I f.  instead  of  a  beam,  we  had  used  an  iron  rod  to  resist  the  8000  lbs  pull,  we  should  have  reqd  one 
with  a  breaking  strength  or  8000  X  3  =  34000  lbs;  and  by  the  table  or  bolts,  page  469,  we  see  that  a 
diam  of  full  ^~£  inch  wonld  suffice  if  npset;  or  of  full  1.04  inch  if  not  upset.   See  Rem  p  408. 

Jfow,  as  to  the  rafters,  each  of  them  is  an  inclined  beam,  supported  at  both 
ends,  and  uniformly  loaded  with  8000  lbs ;  which  is  equal  to  a  center  load  of  4000  lbs.  f3ttt  for  a  safety 
of  3  agaiust  4000,  we  will  nud  its  dimensions  for  a  breaking  center  load  of  12000.  Its 

length  must  here  be  taken  as  if  nieaad  horizontally  between  Its  end  supports,  or  15  ft. 

We  will  assume  for  it  some  probable  approximate  depth ;  pay  9  itiH.  Xhen  >f7  Art  20,  p  497,  we 
flud  that  for  a  breaking  center  load  or  12000  lbs,  its  breadth  will  be  4.94,  say  5  ins.  Therefore  to  be 
safe  with  4000  lbs  center  load,  each  rafter  must  at  iu  head  be  6  ins  broad,  by  9  ina  deep.l 

We  may  take  G  L  (=  7200  los)  instead  of  H  I  (=  8000  lb;  as  the  load;  but  then  oa(=:  16.77  ft) 
must  be  takeu  us  the  "pan  instead  of  to  a  (=  15  ft).    The  result  is  the  same  iu  both  cases. 

As  to  the  strength  of  the  rafter  against  its  longitudinal  compressive  strain,  we  find  that  G  L  Fig 
5K  measures  7'<M0  lbs ;  therefore  op  =  3600  lbs.  Drawing  the  parallelogram  o op  «  at  the  top  or  the 
rafter  Fig  bH  we  find  o*  =  VMJQ  lbs.  The  total  longitudinal  strain  in  the  rafter  is  =  ox  at  the  top  ; 
and  =  «*A  =  o*  +  LK=  7200  +  3600  =  10800  lbs,  at  the  foot.  Thus,  so  for  as  the  lonaitudtnal 
strain  is  concerned,  the  rartor  might  be  or  less  cross-section  at  top  than  at  foot ;  but  in  practice  the 
expense  of  cutting  the  timber  to  that  shape  would  generally  more  than  compensate  for  the  slight  dif- 
ference of  material,  even  assuming  that  it  could  be  saved.  It  is  uuoertain  how  the  transverse  and 
longitudinal  strains  are  distributed  through  the  cross  section;  for  the  least  sagging  of  the  rafter 
would  throw  most  of  the  longitudinal  compressive  strain  on  those  fibres  ton  the  upper  side  or  the 
rafter)  which  are  already  under  compression  due  to  the  transverse  strain.  For  safety  we  will  add  to 
the  cross-section  required  by  the  rafter  as  a  beam,  a  sufficient  area  to  he  safe  in  itself  against  the 
greatest  longitudinal  compressive  strain,  or  that  (at)  at  the  foot,  whioh  we  have  just  found  to  be 
=  10800  lbs;  and  will  make  the  area  uniform  throughout.  Now  we  find  by  table  p 43*  that  aver- 
age white  pine  or  spruce  crushes  under  a  pressure  of  say  0000  lbs  per  sq  inch.  Therefore  it  will  nave 
a  safety  of  8  under  2000  lbs  per  sq  inch ;  so  that  we  must  provide  for  each  rafter  VoW  =  «»J  *M  sq 
ins  of  area  of  cross-section  iu  addition  to  the  5X9  ins  already  found.  Thcee  &*4  sq  ins  mnv  be  added 
either  in  the  breadth  of  the  rafter,  thus  making  it  say  5.6  X  9;  or  to  its  depth,  making  it  say 
5  X  10.2. 

In  the  next  three  trnssea  we  shall  not  enter  Into  this  detail 
of  calculation;  as  we  conceive  that  this  example  suffices  to 
elucidate  its  principle. 

Art.  8.  Next  to  Fig  5,  in  point  of  simplicity,  is  Fig  6 ;  which  represents  a  truss 
for  either  a  bridge  or  a  roof  of  mode- 
rate span.  It  has  two  equal  rafters,  n,  n 
and  a  hor  tie-beam  a  6  as  before;  ^ 
but  with  the  addition  of  a  king- 
post,  king-rod,  or  suspension-rod 
o  n.  Either  the  tie-beam,  or  the 
rafters,  or  both,  may  be  uniformly 
loaded.  It  is  immaterial  whether 
the  load  on  the  former  be  equal  to 
that  on  the  latter  or  not.  We  shall 
here  consider  the  truss  only  as  that 
of  a  roof.  Let  y  y  be  points  half- 
way  between  the  king-rod  and  the 
abutments.  Then  will  the  king-rod 
sustain  all  the  weight  of  the  portion 
y  y  of  the  tie-beam  and  Its  load. 
The  portions  of  the  tie-beam  and  Its 
load  between  y,  y,  and  the  walls 
*,  to,  are  sustained  directly  by  the 

walls.  The  mitre  wt  of  the  truss  and  Its  load,  it  Is  plain,  is  sustained  ultimately  by  the  abuts,  or 
walls  *  w ;  but  the  wt  of  y  y  and  its  load  does  not  reach  the  walls  until  after  having,  as  it  were,  first 

*  The  putt  I R  along  the  tie  beam  will  thus  be  equal  to  the  uniformly  distributed  load  on  the  rafter 
only  when  the  rise  o  w  is  one  fourth  of  the  span.  If  o  w  nteetdu  one  fourth  of  the  span,  I  K  will  be 
lei*  than  H  T,  and  tier  verm. 

t  The  wetgrtitoff  an  ordinary  lathed  and  plastered  eeilintr  is 

about  10  lbs  per  sq  ft ;  and  that  of  an  ordinary  floor  of  1%  inch  boards,  to- 
gether with  the  usual  3  by  12  inch  joists,  15  ins  apart  from  center  to  center,  is  from  10  to  13  lbs  per  sq 
ft.    In  preliminary  calculations  it  Is  well  to  take  the  two  together  at  25  lbs  per  sq  ft. 

{  This  Is  not  a  bad  proportion  of  breadth  to  depth.  If  we  bad  assumed  say  15  ins  for  the  depth,  we 
should  have  got  a  rafter  no  thin  as  to  be  laterally  weak.  Frequently,  two  or  three  assumption*  and 
calculations  may  have  to  be  made  before  we  hit  upon  a  satisfactory  proportion. 
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traveled  up  the  king-rod  to  o,  and  from  there  down  the  rafters  to  a  and  b ;  or,  indirectly,  by  a  cir- 
cuitous route.  That  the  king-rod  sustains  all  between  y  and  y,  will  be  evident  wiien  we  reflect  that 
a  beam  a  b,  when  firmly  suspended  at  its  oenter  n,  may  be  regarded  as  two  separate  beams  «»,««. 
One-half  of  the  beam  n  6  and  Its  load  would,  in  that  ease,  manifestly  be  borne  by  the  wall  x,  and 
the  other  half  by  n;  and  so  with  n  m.  Therefore,  n  upholds  one-half  of  the  beam  a  b  and  its  load; 
or,  in  other  words,  all  between  y  and  y.  The  king-rod  transfers  tbe  wt  of  and  on  y  y,  to  the  heads 
of  the  rafters  at  o.  This  wt  may,  therefore,  be  considered  precisely  in  tbe  light  of  oue  resting  upon 
o ;  and  we  may  proceed  to  find  the  strains  whtch  it  produces  upon  the  rafters  and  tie-beam,  by  Art 
S3.  of  Force  in  Rigid  Bodies.    Namely,  on  o  n  make  o  t,  by  scale,  equal  to  said  total  wt  of 

y  y  and  its  load,  and  the  wt  of  the  king-rod  itself.  Complete  the  parallelogram  of  forces  omtd; 
and  draw  its  hor  diag  m  d.  Then  will  om,  o  d  measure  the  strains  produced  by  said  total  weight 
only,  along  their  respective  rafters ;  and  cm,  c  d  the  pulling  forces  produced  by  .the  same  wt  only 
along  the  tie-beam  a  b ;  causing  strain  all  along  it  equal  to  one  of  them. 

The  strain  om  or  o  d  most  be  added  to  the  other  longitudinal  strains  ox  and  LB  (Fig  5M)  la  *** 
rafter,  found  as  already  explained. 

For  light  railroad  bridges,  a  truss  like  Fig;  6,  of  30  ft  span  and  10  ft 
Tjigh,  may  have  a  chord  of  15"  by  IS'' ;  rafters  10"  by  10" ;  one  rod  of  2%"  diam ;  or 
two  rods  of  l%"  diam,  and  several  inches  apart  transversely  of  the  bridge;  which 
is  far  better  than  oue. 

Tike  pall  on  the  tie-beam  will  be  I  B  added  to  em  or  cd.  Find  the 
safe  area  by  dividing  their  sum  by  3333,  whloh  is  the  number  of  lbs  per  aq  inch,  giving  a  safety  of  3. 
Then  regarding  half  tbe  length  of  the  tie-beam  supported  at  both  euds,  and  loaded  at  Its  center  with 
only  one-fourth  of  the  wt  or  and  on  the  entire  tie-beam,  find  its  safe  dimensions  by  the  rules,  p  487, 
or  by  table,  pago  499.  The  resulting  area,  added  to  the  safe  area  for  the  pull  just  found,  will  be  the 
entire  section  of  the  tie-beam,  unless  some  addition  be  made  to  the  depth,  to  allow  for  what  is  eat 
away  for  the  feet  of  the  rafters.*     See  Rem,  p  600,  also  Rem,  p  356. 

Tbe  vertical  king- rod,  wo,  must  be  strong  enough  to  bear  safely  a  pull 

equal  to  its  own  weight  added  to  tbe  weight  of  and  upon  yy.  If  not  liable  to  vibration,  a  safety  of  3 
will  be  enough,  and  will  require,  for  each  20000  lbs  of  such  weight,  one  square  inch  of  good  bar  iron, 
or  at  least  six  square  inches  of  timber. 

When  the  king-rod  is  of  wood,  it  is  improperly  termed  a  king-post.  Since  a  post  is  intended  to  sus- 
tain a  load  on  its  top,  the  term  might  lead  to  the  inference  that  the  upper  ends  of  the  rafters  rested 
upon,  or  were  upheld  by  the  king-post ;  whereas,  as  we  have  seen,  they  actually  uphold  it. 

Calculated  approximate  dimensions  for  a  white  pine  trass  like 

Pig.  6,  of  SO  feet  span  and  7^  feet  rise.  Trusses  12  feet  apart  center  to  center.  Weight  of  rafters 
and  load  on  top  of  them,  40  lbs  per  square  foot  of  area  of  roof.    Safety  of  about  3  for  each  piece. 

1st.  Taking  the  weight  of  and  on  the  tie-beam  at  100  lbs  per  square  foot  of  ceiling,  including  ceil* 
log,  floor,  and  load :  Rafters  and  tie-beam,  each  8J4  inches  broad,  11  inches  deep.  King-rod  IK 
inches  diameter.t 

2d.  With  no  floor  or  loading  on  the  tie-beam  except  its  own  weight,  say  600  lbs :  Rafters  and  tie- 
beam,  each  6^  inches  broad,  9  inches  deep.  King-rod  theoretically  %  inch  diameter,  but  it  should 
be  1  inch  at  least,  to  allow  for  rust  and  to  guard  against  accidental  distortion. 

Art.  9.    In  Fig  7  we  have  a  truss  consisting  of  two  rafters,  a  6,  a  d;  a  tie-bean, 

U;  a  king-rod,  a  c ;  and  two  struts  or  braces,  ec,  he.  Either  the  rafters  or  the  tie-beam,  or  both, 
may  be  supposed  to  be  uniformly  loaded. 

Hero,  as  in  Fig  6,  the  king-rod  a  ef  upholds  the  weight  of  the  portion  yy 

of  the  tie-beam,  and  of  any  load  ef 
floor,  ceiling,  people,  Ac,  that  may  be 
placed,  upon  that  portion ;  together 
with  its  own  weight.  But  it  also  sus- 
tains, in  addition  to  these,  the  weight 
of  the  two  struts  e  c,  Ac;  part  of  the 
weight  of  the  portions  m  r,  and  a  «, 
of  the  rafters ;  and  part  of  the  weight 
of  tbe  roof-covering,  snow,  fee,  that 
may  rest  on  said  portions.  That  it  up- 
holds Itseir,  y  y,  and  the  strata,  is  al- 
most self-evident ;  but  that  it  npokti 
part  of  *  r,  and  x  u,  and  their  loads,  la 
not  at  first  sight  so  apparent.    Soeh 

struts  are  introduced 

into  trasses  when  the  mfwra 
beeome  so  long  as  to  be  ia  danger  of 
bending  too  much .  or  of  breaking  en- 
der  their  loads ;  or  else  requiring  the 
use  of  inconveniently  large  timbers  to  make  them  of.  They  act  like  posts  in  affording  partial  sapport 
to  the  rafters.  They  carry  a  part  of  the  strain  upon  the  rafters  down  to  the  foot  c.  of  the  king-rod; 
and  the  king-rod  carries  it  from  there  up  to  the  tops,  a,  of  the  rafters.  From  a  it  passes  down  throng* 
tbe  entire  leugth  of  the  rafters  to  their  feet.  Thus,  it  is  seen  that  the  action  of  the  struts ooaaiatslu 
relieving  the  rafters  from  a  trantvorte,  or  cross-strain  which  would  endanger  their  safety ; 


Fi*r.7. 


*  In  eases  where  no  appearance  of  sagging  would  be  admissible.  It  Is  not  always  enough  that  the 
rafters  and  tie-beam  be  ta/e ;  for  they  may  be  perfectly  safe,  and  yet  sag  too  much  for  some 
When  such  is  the  oase,  refer  to  table,  page  619. 


t  We  have  known  country  road  bridges.  Pig  6,  of  SO  ft  span 
apart,  in  which  neither  the  timbers,  nor  the  provable  loads. 


and  7K  ft  rue,  of  two 
larger  than  ia  tM» 
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converting  it  into  a  longitudinal  strain  in  the  direction  of  their  length,  in  which  they  can  resist  it 
with  less  danger.  As  we  proceed  with  the  subject  of  trasses  for  bridges  as  well  as  roofs,  it  will  be 
seen  that  this  is  the  grand  duty  of  such  struts  and  obliques  generally.  In  roofs  they  thus  assist  the 
rafters ;  and  in  bridges  the  chords. 

Where  each  rafter  is  a  solid  unbroken  piece,  as  in  our  figures,  it  is  uncertain  what  portion  of  the 
load  Mr  or  xu  is  actually  borne  by  the  strut  ecorkc.  The  introduction  of  the  strata  thus  renders 
It  impossible  to  calculate  the  strains  with  certainty  by  the  above  described  method.  For  this  reason, 
and  for  safety,  we  adopt  another  method,  in  which  we  begin  with  an  assumption  which  is  not  strictly 
correct,  bat  which  simplifies  the  problem  and  enables  us  to  calculate  with  exactuess  for  each  mem- 
ber a  strain  which  is  sufficiently  near  to  the  probable  true  one  for  most  practical  purposes.  This  as- 
sumption is  that  the  rafter  is  in  two  parts,  a  U  and  U  6 ;  that  these  parts  are  connected  by  a  per- 
fectly flexible  joint  at  U,  so  that  all  of  the  load  of  and  on  *  r  rests  upon  the  strut  e  c ;  and  that  the 
load  of  and  on  xj  and/*  rests  directly  upon  j.  Draw  e  o  aud  it »  vertically ;  aud  make  each  of  them, 
by  any  convenient  scale,  equal  to  the  weight  in  lbs  of  either  Mr  or  x u,  and  its  load.  From  o  and  is 
draw  the  dotted  lines,  oi,nw,  parallel  to  the  struts;  and  ok,nv,  parallel  to  the  rafters ;  thus  com- 
pleting the  parallelograms  of  forces,  ekoi,  and  hwnv.  Draw  the  horicontal  diagonals  i  k,  and  »».• 

Then  by  Composition  and  Resolution  of  Forces,  either  e  *  or  h  v,  measured  by  the  same  scale  as  be- 
fore, will  give  the  longitudinal  strain  in  lbs  upon  each  one  of  the  struts.  This  strain  presses  the 
struts  lengthwise  from  head  to  foot.  They  are  also  strained  longitudinally  and  transversely  by  their 
•wn  weight,  as  the  rafters  in  Fig  5  were  strained  by  their  own  weight  and  that  of  the  roof;  but  in 
practice  these  strains  in  the  struts,  due  to  their  own  weight,  are  so  trifling  compared  with  that  from 
the  roof  portions  which  they  sustain,  that  they  may  be  aegleoted. 

Therefore,  each  strut  may  be  regarded  as  if  a  vert  pillar, 
bearing  a  load  equal  to  eh  or  hv.    Now,  the  strain  cfc,  along  the  strut 

ec,  is  compounded  or  composed  of  the  vert  strain  e  s,  (which  is  equal  to  hal/ot  e  o,  or  one-half  of  the 
wt  of  and  on  x  r ;)  aud  of  the  bor  strain  «  k.  And  the  strain  h  v  along  the  strut  k  c,  is  compounded 
of  the  vert  strain  at,  (which  is  equal  to  hal/ot  hn,  or  one-half  of  the  wt  of  and  on  xu)  ;*  and  of  the 
hor  strain  tv.  These  two  hor  strains  »k  and  tv  neutralize  or  counteract  each  other,  by  pressing 
against  each  other  at  the  feet  of  the  struts ;  and  therefore  only  the  vert  ones  es  and  he  pull  upon  the 
king-rod ;  and  they  pull  it  to  an  extent  equal  to  half  the  weights  of  and  on  zr  aud  xu.* 

The  king-rod,  therefore,  upholds  In  all,  1st,  the  weight  of  the  two 

struts ;  2d,  the  wt  of  and  on  jrjr :  3d.  half  the  wt  of  and  on  Mr  and  xu  ;*  and  4th,  its  own  wt.  It 
must,  therefore,  have  sufficient  sectional  area  to  safely  sustain  a  pull  equal  to  the  sum  of  these  four. 
This  area  may  be  found  by  means  of  the  table  of  bolts  on  p  409. 

Make  a  g  by  scale  equal  to  the  sum  of  these  four  wts,  plus  the  weight  of  xj  and  Jm,  which  rests  di- 
rectly upon  j.    Draw  gm,  gl  parallel  to  the  rafters ;  and  I  m  hor. 

For  the  dimensions  of  the  rafters,  ab,ad,  commencing  with  what 
they  require  as  beam*,  supported  at  the  ends,  bear  in  mind  that  the  introduction  or  the  strata  ee,  Ac 
converts  each  rafter,  as  a b,  into  two  shorter  ones,  ae,  eb;  each  of  which  sustains,  in  the  present 
ease,  only  one-half  the  load  of  and  on  the  whole  rafter ;  or  only  %  of  it  as  a  confer  load.  Find  the 
safe  dimensions  for  the  short  beam,  with  its  smaller  center  load,  by  rules,  p  497,  or  by  table,  p  499. 

The  compressive  strain  on  a  C  is  am.  That  on  U  6  (or  the  greatest  comp  strain)  is  =  am  +  «r. 
Divide  this  sum  by  2000  (or  by  whatever  other  number  of  lbs  may  be  considered  the  safe  crushing 
strength  of  the  timber).  The  quot  is  the  safe  area  in  sq  ins  reqd  for  that  purpose.  Add  it  to  the  area 
previously  found  for  the  rafter  as  a  beam.    The  sum  is  the  eutire  area  required. 

The  tie-beam.    The  pall  on  the  tie-beam  is/m  +  «».    Divide  it  by  3333,  the 

safe  pull  in  lbs  per  sq  inch.  The  quot  will  be  the  safe  area  reqd  for  that  strain.  Then  consider  one- 
hatyof  the  tie-beam  to  be  a  uniformly  loaded  beam  supported  at  each  end;  aud  find  the  sale  dimen- 
sions by  rules,  p  497,  or  by  table,  p  499.  To  these  dimensions  add  the  area  just  found  for  the  hor 
pall;  the  sum  is  the  entire  area  reqd  for  the  tie-beam,  unless  some  addition  be  made  to  compensate 
for  the  cutting  away  at  the  feet  of  the  rafters.t 

Below  are  the  calculated  dimensions  for  two  trasses,  Fig  7^ 
ef  40  ft  spaa  ;  10  ft  rise :  and  12  ft  apart  from  center  to  center.  In  the  first  of 
these  the  tie-beam  with  Its  floor,  ceiling,  and  other  load,  are  assumed  at  the  rate  of  100  lbs  per  sq  ft 
of  floor ;  while,  in  the  second,  no  specific  load  Is  assumed  for  that  member,  for  reasons  before  given. 
In  both,  the  wt  of  the  rafters,  with  their  roof-coverings  and  load  of  snow,  and  wind,  Is  taken  at  40  lbs 
per  sq  ft  of  roof  surface  between  the  centers  of  two  trusses.  The  safety  of  each  separate  part  is  taken 
at  3 ;  except  that  the  unloaded  tie-beam  is  fixed  by  rule  of  thumb.  Timbers  white  pine.  The  great 
est  dimension  in  each  case  is  the  depth.  Dimensions  in  inches.  1st.  Rafters  8  X  10. 
Tie-beam  8  x  15.  Each  strut  4J<  x  4tf .  King-rod  \%  diam  if  upset;  or  2  ins  if  not  upset.  In  prac- 
tice it  is  better  to  make  the  struts  as  broad  as  the  rafters.  2d.  Rafters  6X8.  The 
tie-beam  requires,  theoretically,  only  16  sq  ins  area ;  we  will  make  it  6  x  8,  like  the  rafters.  Each 
stmt  4H  X  *H ;  (the  same  as  in  the  other.)    King-rod  %  diam  if  upset ;  or  scant  1  inch  if  not  upset. 

If  a  tie-rod  were  need  instead  of  a  tie-beam,  its  diam  would  be  \%  Inch  if  upset;  or  1.6  if  not. 

Art.  10.  Fig  9  is  a  truss  with  a  tie-beam  a  b ;  two  rafters  w  o,  z  b ;  two  queen- 
rod*,;  or  queens,  wt,  *«,  and  a  hor  straining  beam  d.  It  may  represent  a  roof  uniformly  loaded 
•Jong  the  rafters  and  straining  beam ;  and  having  a  uniform  load  along  the  tie-beam.  Or  only  one 
of  these  loads  may  be  supposed  to  exist,  as  in  a  bridge  with  a  load  along  ab;  or  a  roof  with  its  load 
along  aw  Mb.    The  queen  wt  supports,  besides  its  own  weight,  all  the  weight  of  and  on  the  part  sy 

•  Each  strut  will  thus  bear  half  of  the  wt  of  and  on  xr,  or  #u,  only  when,  as  in  Fig  7,  the  incli- 
nation of  the  strut  is  the  same  as  that  of  the  rafter.  If  the  strut  is  steeper  than  the  rafter,  it  will 
bear  more  than  half;  bnt  if  it  is  less  steep  than  the  rafter,  it  will  bear  less  than  half;  the  remainder 
being  in  every  ease  borne  by  the  rafter.  The  parallelogram  of  forces  will  of  eourse  show  all  this. 
When  the  inclinations  of  a  rafter  and  strut  are  not  equal,  we  cannot  draw  hor  diags  ik,vw;  but 
from  the  points  <A*,v»  we  must  draw  hor  lines  to  the  vert  diags  e  o,  and  h  n. 
.  t  Wh*m  a  Tn-BBAM  is  so  Loito  trat  tT  must  bb  RPLicBD,  allowance  must  be  made  for  the  weaken- 
ing effect  of  the  splice.    For  Splices,  see  p  fill ;  and  for  other  joints,  p  613. 

J  The  queens  are  frequently  made  of  wood. 
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ef  Umtfe-beam;  and  tlmotlieroaezf,  that  of  mad  on  ssy;  sand  « each  being  halfway  between  a 

queen  and  an  abac  These  are  the 
only  straias  on  the  qneeua ;  no  that 
l  heir  proper  dlama  can  be  found  by 
table  of  bolts,  p  409. .  The  parta  of 
the  tie-beam  from  $  and  u  to  the 
abuta,  or  walls,  as  well  as  whatever 
loads  those  part*  may  bear,  are  sus- 
tained directly  .by  the  abuts. 

The  queens  transfer,  as  it  wet*, 
the  weights  of  themselves  and  ofay 
and  ay,  with  their  load*,  directly  to 
wand  a.  To  find  the  strains  on  the 
various  parts  of  the  trim,  first  from 
the  center  V  of  a  rafter  aw,  draw  a 
vert  line  U  H ;  and  from  w  draw  a 
hor  line  nH  to  meet  it.  Join  H  a. 
Make  H  I  by  seale  eqaal  to  the  wt  of 
only  on*  rajUr  and  its  uniformly 

distributed  load.  Also  draw  of  vert,  and  equal,  by  the  same  seale,  to  the  wt  upheld  by  the  queen-red 

wt,  added  to  eae-eavr  the  wtof  the  straining-beam  d.  and  its  load;  for  it  also  press— vert  at  a. 

Draw  gm  hor,  or  parallel  to  the  straining-beam ;  and  $  e  parallel  to  the  rafter;  thus  oompleting  the 

parallelogram  e egm  of  force*. 

The  strains  on  the  straining-beam  d.  The  hor  line  IE  and  oc  to- 
gether, give  all  the  hor  pre*  against  the  eud  w  of  the  straining-beam  d ;  and  it  is  plain  that  a  similar 
p-ooess  on  the  other  side  of  the  truss,  would  give  an  equal  pre*  against  the  end  jr.  These  two  equal 
pressures  reacting  against  each  other,  produce  a  strain,  equal  to  one  of  them,  throughout  the  enitre 
length  of  the  straining-beam ;  and  therefore,  the  beam  must  be  regarded  as  a  pillar  with  a  load  equsl 
to  this  strain,  on  its  top ;  and  the  dimensions  and  area  of  section,  for  safely  supporting  It,  maj  be 
found  by  the  rule,  p  458 ;  or  table,  p  459.* 

Rut  beside  this,  the  straiuing-beam,  if  loaded,  must  be  regarded  also  as  a  beam  supported  at  both 
ends ;  and  the  area  necessary  for  this,  as  found  by  tables,  page  499  or  611,  moat  be  added  I*  that  al- 
ready fonnd. 

The  strains  on  the  rafters.  Fir$ty  consider  a  rafter  wnasan  inclined 
loaded  beam  supported  at  both  ends ;  and  find  the  proper  dimensions  and  area,  by  the  rules  on  page 
498 :  or  by  the  tobies,  p  499,  or  51 X 

Second,  add  together  o  m  and  the  other  longitudinal  strains  o  *  and  f.  R  {found  as  I n  Pig  5K)  ta  the 
rafter,  and  divide  their  snai  by  *K0  (or  by  whatever  other  number  of  lb*  army  be  considered  the  earn 
crushing  strength  of  the  timber).  The  quot  is  the  safe  area  in  sq  ins  read  for  that  purpose.  Add  it 
to  that  already  found  for  the  rafter  as  a  beam.    This  last  sum  is  the  total  area  read. 

The  tie-beam.  The  hor  strain,  or  prill  on  the  tie-beam,  will  be  equal  to  the 
push  on  the  straining-beam ;  and  is  represented  by  I K  and  o  e  together.    Find  the  safe  area  by  table. 

tare  468  ;  or  by  dividing  tbe  hor  strain  by  3333,  whioh  is  the  pull  in  1>«  per  sq  ineh  that  ordinary 
uilding  timber  will  bear  with  a  safety  of  3. 

Then,  sinee  ia  this  truss  the  queens  divide  tbe  tie-beam  Into  lares  lengths,  eaeh  of  these  most  beeon- 
aMered  as  a  separate  beam,  (loaded  or  unloaded,  as  the  ease  mar  he.)  supported  at  eaeh  end.  Its  safs 
dimensions  being  fband,  add  the  area  just  foaad  for  resistiag  the  pull.  Ada,  if  seed,  am  aBeeaase 
for  the  cutting  away  at  tLe  feet  of  the  rafters. 

Below  are  the  calculated  approximate  dimensions  for  two 
trasses,  Figr  9,  of  sixty  It  span  ;  15  ft  rise;  and  12  ft  apart  from  center  to 

center.  All  tbe  conditions  tbe  same  aa  for  the  preceding  example  of  Fig  7.  1st.  Baftors  19  ios  bread. 
by  14  ins  deep.  Straining-beam  \1  broad,  by  12  deep.  TJe-beam  18  broad,  by  12  deep.  Bach  qneea 
rod  IX  ins  dtam  if  upset ;  ljf  If  noU 

3d.  Rafter*  10  X  U%  Straining-beam  10  X  U.  Tie-beam,  say  10  X  12.  Each 
qtiiwvi-rod  K  Ineh  diam.    Unloaded  tie-rod,  IH- 

The  proper  slse  for  each  piece,  00  that  they  shall  aU  be  suttabU 
for  the  truss,  cannot  l*»  determined  at  onoe.  We  must  find  an  j  dimensions  that 
will  answer  for  each  piece  by  itself;  and  afterwards  adjust  them  by  rooalnnlsUon,  perhaps  S  or  4 
limes.    Great  aeoaraey  is  not  necessary  fn  doing  this.      See  Note,  p  531, 


*  A  strut  or  tie  cannot  be  strained  along  the  direction  of  its  length 
by  a  force  acting  at  one  end,  unless  there  is  at  the  other  end  an  equal  force  acting  la  the  same  straight 

line  but  in  the  opposite  direction,  and  whioh  may  be  either  one 
single  foroa,  or  tbe  resultant  of  two  or  more  force*  neither  of 
which  acts  in  that  direction.  Hence  if  ia 

Fig  9  we  place  a  lead  at  Z  only,  a  parallelogram  t«f«  offerees 
will  not  give  tbe  hor  strain  «  •  along  the  beam  Z  W,  beeaese 
there  Is  then  no  eqaal  reaedag  hor  fores  at  the  ether  end  ia  the 
direction  from  H  towards  W.  la  that  ease  a  wad  at  Z  only, 
(represented  by  a  e  ia  rig  Z)  pleases  at  *  the  two  strains  a  a. 
m «;  which  last  pressing  towards •  tends  to  mas*  a  J>  revolve 
around  •  as  a  center,  thus  forcing  a  downwards,  aad  the  Joint  w 
upwards,  thereby  causing  the  distortions  s*ea  la  Via*  9K.  9K. 
The  force  s  «  therefore  evidently  tends  to  break  toe  Joint  as 
and  with  a  moment  eqaal  to  the  force  a  *  (la  teas  or  Be,  4e> 
mult  by  Its  leverage  w  •  perp  to  m  m.  If  the  moment  of  resJsteaes  of  the  joint  ean  withstand  this  the 
truss  will  remain  unchanged ;  but  a  simple  strut  from  s  to  a  would  remove  all  danger,  by  snatalning 
i he  whole  of  the  foroa  a  e  effectively,  aad  thus  relieving  tbe  Jeiat  a>  entirely. 


FifiT.X. 


t  See  Rem,  p  408. 
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Rkm.    The  truss  in  Figi  9  and  9%  affords  a  good  opportunity  for  alluding,  in  a  general  way,  to 
the  prllirlpte  or  Counter  bracing,  and  to  the  necessity  (as  stated  In  Art  7)  of  ad- 
hering to  a  triangular  arrangement  of  the  parts  of  a  truss.     So  long  as  this  tniss  is  uniformly  loaded 
throughout  its  length,  it  id  well  arranged  for  sustaining  the  resulting  strains ;  because  the  strains  on 
each  side  of  the  center  are  equal,  and  balance  each  other.    But  if  a  heavy  load  be  placed  along  a  o 
only  (Fig  9%)  its  tendency  to  depress  ac  will  produce  the  derangement  shown  in  Fig  9*4 ;  because 
the  horizontal  pressure  from  «  toward  t.  Fig  9**,  will  then  become  greater  than  that  from  t  toward  «. 
The  two  triangular  portions  will  Mill  retain  their  original  Jlgr;  but  owing  to  the  ease  with  which  the 
4-sided  portion,  nmce,  has  been  deranged,  aod  changed  to  s tee,  their  position  becomes  altered  to 
the  dangerous  one  in  Fig  9\$.  The  diag  c  m 

has  been  lengthened  to  ct\  while  the  diag  o  „  I 

en  has  been  shortened  toes.    Now.  if  there  *^C  7L_Z£»  JL 

hnd  been  a  strong  bar  of  iron  reaching  from 
eton,  with  feeeudd  firmly  attached  to  those 
points,  it  would  bavedivided  the  whole  truss 
Into  triangles ;  aud  then  the  diag  c  m  could 


not  have  become  lengtheued  to  c  f  by  any 
...  ^ 


^ac  e 
Kg.  9%.        Fiff.  9X. 


_     _  ,.         Fig.9J4. 

strain  leas  than  one  sufficient  to  break  this 

Iron  bar  by  pulling  it  apart;  therefore  the  trass  would  have  remained  safe,  and  unchanged  in  figure: 
for  the  bar,  while  preventing  c  m  from  lengthening  to  et,  would,  as  a  consequence,  prevent  e  n  from 
shortening  to  e«.  Or,  omitting  the  iron  bar  at  ctn,  suppose  a  stiff,  unbending  inclined  post  to 
be  inserted  between  e  and  n.  This  also  will  divide  the  whole,  truss  into  triangles;  and  it  is  then 
plain  that  en  oould  not  be  shortened  to  «  «  by  any  strain  less  than  one  sufficient  to  break  the  post  by 
crushing  iU  Therefore,  in  this  case  also,  the  truss  would  hare  remained  safe,  and  unchanged  in 
figure ;  for  the  post,  while  preventing  «  n  from  shortening  to  «  *,  would,  as  a  consequence,  prevent  c  m 
from  lengthening  to  et.  Either  the  bar  or  the  post  would  be  a  counterbrace  against  the  effect  of  un- 
equal loading.  With  a  uniform  load  it  is  not  needed.  Neither  are  additional  counterbracing  pieces 
needed  in  bridge  trusses  of  the  forms  Figs  10, 11, 12, 14,  provided  each  web  member  is  so  constructed 
as  to  bear  alternately  compression  and  extension. 

The  next  Fig 9  5,  shows  the  bad  effect  produced  in  a  £ t fk I Z 

tru.'H  longer  than  Fig  9%,  when  the  web  members  are 
not  so  constructed.    In  the  Burr  bridge,  Fig  36,  nnd  in  % 

some  others,  although  the  truss  is  divided  into  trian-  ''///k 

glen,  yet  the  inclined  braces,  i  c,  Ac,  are  often  impro-  Fig.  90,  //X 
pcrly  adapted  to  bear  compression  only ;  their  ends  not 
being  firmly  attached  to  the  chords.  Consequently, 
with  a  heavy  load  at  a,  the  derangement  shown  in  Fig 
9  ft  (analogous  to  that  in  Fig  9%)  takes  place.  To  pre- 
vent  it,  oounterbraoiog  most  be  resorted  to,  either  by  Vitr  ft/,  '^A 
inserting  struts  or  ties  along  the  dotted  diagonals;  or  °*  u  '•• 
by  making  the  braces  capable  of  resisting  tension  as 
well  as  compression.  The  last  method  shows  that  counterbracing  can  be  performed  without  the  ad- 
dition of  pieces  specially  called  counterbraoes,  and  denoted  by  the  dotted  diagonals.  All  that  Is  re- 
quired in  the  principle  of  counterbracing,  is  to  so  arrange  and  connect  the  several  web  members, 
tbattbe strain  produced  by  unequal  loading  at  any  point,  as  «,  between  the  abuts;  or  along  any 
portion  of  that  distance,  shall  be  properly  transferred  by  them  to  both  abutments. 

Art.  11.    The  strains  in  sneh  trasses  as  Fiys  10  and  11, 

may  be  found  by  three  very  simple  processes  when  the  truss  and  its  load  are  uniform 
from  the  center  each  way.*  When  this  is  the  case  it  is  usual  and  safe  to  assume  that 
the  half  load  ep,  Fig  lu  or  11,  on  the  right  band  of  the  center  c,  rests  on  the  right 
hand  support  p ;  and  that  the  half  load  e  a  on  the  left  hand  of  the  center  e,  rests  on 
the  left  hand  support  a.f  It  is  often  assumed  also,  for  simplifying  the  calculations, 
that  the  entire  weight  of  the  truss  and  its  load  is  distributed  along  one  chord  only. 
This  is  plainly  incorrect ;  but  inasmuch  as  the  extraneous  load  (such  as  the  covering 
'of  slate,  snow.,  etc.,  on  a  roof,  and  the  travelling  load  on  a  bridge)  in  many  cases  ac- 
tually does  rest  on  one  chord  only,  and  is  great  in  comparison  with  the  weight  of  the 
truss  alone,  the  error  arising  from  the  assumption  in  such  casts  is  not  of  practical 
importance. 

But  in  bridges  of  great  span  the  weight  of  the  truss  may  bear  a  large  proportion 
to  that  of  its  load ;  or  there  nitty  be  an  upper  and  a  lower  roadway,  one  resting  on 
each  chord ;  and  a  roof  truss  may  have  to  bear  not  only  the  covering,  snow,  Ac,  on 
its  upper  chord  or  rafters:  but  a  floor  with  a  plastered  ceiling  beneath  it,  and  all 
the  load  incident  to  any  ordinary  room,  on  its  lower  chord.  In  such  cases  the  entire 
weight  of  the  truss  and  load  must  be  properly  distributed  along  both  chords  before 
we  can  correctly  find  the  strains.  But  this  will  iu  no  way  affect  the  principle  of  the 
three  processes  which  we  are  about  to  explain,  and  as  we  proceed  we  shall  give  di- 
rections for  both  cases. 

*  It  Is  not  necessary  that  the  entire  load  should  in  itself  be  uniform ;  but  merely 
uniform  each  way  from  the  center.  Thus  at  e  may  be  say  1  ton ;  at  d  and  m  each  say 
5  tons ;  at  c  and  »  each. 2  tons,  <fec. 

f  This  assninption  is  untrue  and  opposed  to  the  unvarying  law  that 
every  individual  portion  of  the  entire  weight  rests  partly  on  each  support.  Thus, 
one  portion  of  the  load  at  o  rests  partly  on p  and  partly  on  a;  and  so  with  every 
other  portion ;  and  on  this  fact  depends  the  difference  in  the  methods  of  calculating 
the  strains  from  uniform,  and  unuiiiform  or  moving  loads.  When,  however,  the 
weight  of  the  truss  and  load  is  uniform  each  way  from  the  center  we  obtain  correct 
results,  and  more  readily  by  adopting  the  erroneous  assumption. 
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Beginning  then  with  uniformly  distributed  weights  of 
truss  and  load,  and  assuming  all  of  said  weights  to  rest  on  the  long  chord  a  pt 
prepare  a  correct  skeleton  diagram  of  the  truss  (or  at  least  of  one-half  of  it),  such  as 
Figs  10  and  11,  in  which  the  height  or  depth  e  t,  Fig  10,  is  the  vert  distance  between 
the  centers  of  the  depths  of  the  two  horizontal  chords.  A  scale  of  from  J^  to  %  of 
an  inch  to  a  foot  will  generally  be  large  enough. 

Then  the  first  process  is  the  very  easy  one  of  ascertaining  how  much  of  the 
total  uniform  weight  is  to  be  considered  as  sustained  at  each  point  of  support  along 
either  the  top  or  the  bottom  chord,  as  the  case  may  be ;  remembering  that  one  half 
of  each  end  panel  is  sustained  directly  by  the  abut  nearest  to  it,  as  in  the  preceding 
cases. 

In  order  more  fully  to  illustrate  the  following  Articles,  we  shall  assume  each  of 
the  trusses,  pp  668,  570,  571,  572,  574,  585  and  586,  to  be  64  ft  long,  and  16  ft  high, 
and  to  be  divided  into  8  equal  panels.  Total  uniform  wt  of  one  truss  and  its  load, 
32  tons ;  or  4  tons  to  a  panel.  Consequently  there  will  be  9  points  of  support  to  each 
truss.  Thus,  in  Figs  14, 15,  and  16,  in  which  the  load  is  supposed  to  rest  on  top  of 
the  truss,  and  in  Figs  10  and  11,  in  which  it  rests  upon  the  bottom,  the  points  of 
support  are  at «,  6,  c,  d,  e,  m,  n,  ©,  p.  Some  of  these  are  not  shown  in  the  first  three 
Figs.  If  both  chords  are  loaded,  there  will  be  points  of  support  in  the  short  one 
also.  Thus,  in  Fig  10  there  will  be  7,  and  in  Fig  11  there  will  be  8  of  them.  Now, 
in  Figs  10  and  11,  to,  x,  y,  etc.,  being  midway  between  the  points  of  support,  it  is 
plain  that  (assuming  all  the  weight  to  be  on  the  lower  chord)  the  point  o  must  sus- 
tain that  portion  of  it  comprised  between  w and  *;  nail  between  y  and  x ;  while 
the  abut  p  sustains  directly  the  portion  from  w  top.  The  same  principle  applies  to 
all  the  other  trusses;  and  equally  so  whether  the  pauels  be  of  the  same  width  or 
not ;  each  point  of  support  is  assumed  to  sustain  all  the  uniform  wt  of  truss  and  load 
between  itself  and  the  two  points  midway  to  the  adjacent  points  of  support,  how- 
ever unequal  the  two  distances  may  be.  In  our  Figs  10  to  16,  the  strong  dotted  lines 
of  the  web  members  represent  ties ;  the  full  lines,  struts.  The  dots  intimate  that 
cltaina  may  serve  as  ties.  When  the  panels  are  of  equal  length,  p  o,  o  n,  etc.,  the  dis- 
tance from  p  to  w  will  be  but  half  a  panel ;  so  that  each  abut  will  directly  sustain 
but  half  as  much  wt  as  each  other  point.  Therefore,  to  find  the  amount  of  wt  sus- 
tained at  each  of  the  nine  points  of  support,  we  have  only  to  div  the  total  wt  (32 

32 
tons)  by  a  number  less  by  1  than  the  number  of  points.    The  quot  —  =  4  tons,  will 

8 
be  a  full  panel-load,  to  be  at  each  point,  except -the  two  end  ones,  a  and  p,  at  the 
abuts;  at  each  of  which  it  will  be  but  half  of  one  of  the  full  panel-loads,  or  two 
tons  *  The  amounts  of  these  panel  and  half-panel  loads  should  at  once  be  figured  on 
the  sketch  at  their  proper  points,  as  is  done  in  our  Figs ;  a  2  being  placed  at  each  end 
of  the  truss ;  and  a  4  at  the  other  points.  Each  of  these  panel-loads  of  course  causes 
a  vert  strain  equal  to  itself  where  it  rests.  As  the  strains  on  one  half  of  the  truss 
are  the  same  as  those  on  the  other  half,  the  numbers  need  only  be  written  on  one  of 
them ;  indeed,  the  sketch,  as  a  general  rule,  need  show  but  one-half  of  the  truss. 

If  there  Is  a  load  on  the  other  chord  also,  it  must  be  in  the  same 
way  divided  among  the  points  of  support  of  that  chord,  and  be  figured  as  before. 

The  second  process*  All  the  panel-loads  are  of  course  eventually  trans- 
mitted through  the  truss  to  the  abuts ;  as  is  manifest  from  the  fact  that  each  abut 
sustains  half  the  total  load.  But  each  panel-load,  while  travelling,  as  it  were,  up 
and  down  alternate  web  members  from  its  original  point  of  support,  to  the  nearest 
abut,  places,  so  to  speak,  an  additional  load,  or  more  correctly  produces  ah  addi- 
tional vert  strain  equal  to  itself,  at  every  intervening  point  of  support  in  each 
chord.f  Our  second  process  consists  in  finding  the  amount  of  this  additional  vert 
strain  at  each  poin  t  of  support. 


*  This  of  course  is  only  when  the  end  panels  are  of  the  same  length  as  the  others. 
When  not  so,  the  loads  at  the  points  of  support  and  on  the  abutments  will  plainly 
vary  from  the  above. 

t  In  trusses  like  Figs  10  and  11,  with  two  horizontal  chords,  the  panel  loads  are 
transferred  directly  from  their  points  of  support  via  the  web  members  to  the  abuts. 
In  such  trusses  the  strains  in  the  web  members  are  least  at  the  cen  of  the  span,  and 
greatest  at  its  ends ;  while  those  in  the  chords  are  greatest  at  the  cen  and  least  at  the 
ends.  This  is  indicated  in  the  Figs  by  the  din"  thicknesses  of.  the  lines  representing 
these  members.  But  in  Figs  14, 15  and  16,  the  panel  loads  divide  at  their  respective 
panel  points,  as  explained  in  Bern  p  573 ;  a  portion  of  each  panel  load  going  directly 
to  the  nearest  abut  via  the  sloping  rafter ;  the  remainder  going  first  to  the  cen  e  via 
the  web  members,  whence  it  finally  reaches  the  abuts  via  the  rafters  Figs  14  and  16, 
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Iii  Figs  10  awl  11,  with  parallel  horizontal  upper  and  lower  chords,  the  vert  strains 
are  very  easily  found,  time  :  Remembering  that  only  tuUf  of  the  center  panel-load 
strain  at  e  goes  to  each  abut,  begin  \rith  the  4  tons  at  e. 

in  Fig.  10  these  4  tons  first  go  up  the  tie  ei  to  t,  where  they  produce  a  vert  strain 
of  4  tons,  which  figure  as  in  the  diagram.  But  at  i  these  4  tons  separate ;  2  of  them 
going  to  the  abut  p,  and  the  other  2  to  the  abut  a.  The  last  2  first  pass  down  id  to 
(/,  where  also  they  produce  a  vert  strain  of  2  tons,  which  also  figure,  as  must  be  done 
with  all  that  follow.  At  d  these  2  tons  unite,  with,  or  as  it  were  take  up  and  carry 
along  with  them  the  4  tons  already  there ;  and  the  entire  6  tons  go  up  the  tie  d  j  toj, 
where  they  produce  a  vert  strain  of  6  tons.  From  j  these  6  tons  go  down  the  strut 
jc  to  c,  where  they  also  produce  a  vert  strain  of  6  tons.  At  c  these  (5  tons  take  up 
the  4  tons  already  there,  and  the  entire  10  tons  go  up  c  A:  to  k;  and  thus  the  process 
continues  until  14  tons  find  their  way  to  the  abut  a,  where  they  meet  the  2  tons  of 
load  already  there;  thus  making  16  tons,  or  one-half  the  wt  of  the  trust  and  it*  load; 
which  is  a  proof  that  our  work  is  correct  so  far. 

In  Fig  11,  the  4  tons  at  the  center  e  separate  there;  2  of  them  going  up  e  %  to  i,  and 
thence  to  the  abut  a  as  before. 

In  either  Fig  if  there  Is  a  uniform  load  on  each  chord  there  is  no 
difference  in  the  second  process ;  for  after  having  by  the  "first  process  "  divided  each 
load  among  the  points  of  support  of  its  owu  chord,  the  portion  at  each  point  must 
be  taken  up  as  it  occurs,  and  carried  on  with  the  others  to  the  abutment  as  before. 

The  third  and  last  process  consists  in  completing  our  sketch,  or  diagram, 
in  such  a  manner  as  to  enable  us  to  measure  by  scale  the  strains  produced  along 
every  member  of  the  truss,  by  these  vert  strains  thus  accumulated  at  the  diff  points 
of  support,  a,  6,  c,  I,  k,  etc. 

To  do  this  in  Figr  10  (that  is,  whenever  the  web  members  are  alternately 
vertical  and  oblique)  from  each  point  of  support  of  one  chord  only,  beginning  at  the 
center  apex  t,  draw  a  vert  line  as  iv,jv,  etc.,  to  represent  by  any  convenient  scale, 
the  vert  strain  figured  at  said  point;  except  at  the  center  one  t\  where  the  vert  line 
must  represent  only  half  the  vert  strain,  inasmuch  as  that  is  all  that  goes  to  each 
abut.  Draw  also  the  hor  lines  «  u,  v  u,  etc.  Then  will  each  oblique  line  i  u,j  «,  etc., 
give  by  the  same  scale  the  strain  (2.2,  6.7, 11.2, 15.7)  along  its  own  oblique  web  mem- 
uer,  as  figd.  The  hor  lines  give  the  hor  strains  exerted  on  the  chords  by  each  oblique 
at  both  its  ends.  We  have  figured  all  these  strains  (7,5, 3, 1)  at  the  head  and  foot  of 
each  oblique.  Each  of  these  hor  strains  extends  from  the  ends  of  the  oblique,  to 
the  center  of  the  chord;  therefore  the  end  stretches  of  the  chords  bear  7  tons  hor 
strain ;  the  next  ones  7  +  6  =  12  tons ;  the  next  ones  7  +5+3=15  tuns ;  and  the 
center  one  7+5  +  3  +  1  =  16  tons ;  all  of  which  are  figured  along  the  chords.* 

We  have  said  that  the  vert,  hor,  and  oblique  sides  of  the  triangles  give  the  strains, 
but  it  would  be  more  correct  to  say  that  each  of  them  gives  a  force,  which  being 
balanced  by  the  other  two,  thereby  causes  a  strain  equal  to  itself,  instead  of  me* 
tion. 

The  hor  strains  at  the  centers  of  the  two  chords  will  be 
equal  in  both  Figs  10  and  11,  whether  one  or  both  chords  be  uniformly  loaded; 
or  if  the  truss  be  inverted :  with  only  the  exception  in  the  foot  note.* 

or  via  the  two  inclined  ties  in  Fig  15,  of  which  ia  is  one.  In  such  cases  the  strains 
on  the  web  members  are  greatest  at  the  con  of  the  span,  and  least  at  its  ends ;  whilo 
those  on  the  tie  beam  and  rafters,  Figs  14  and  16,  and  on  the  tio  rods  and  hor  chord 
Fig  15,  are  greatest  at  the  ends  of  the  span  and  least  at  its  cen.  This  also  is  indicated 
in  Figs  14,  15  and  16  by  dills  in  the  thicknesses  of  the  lines,  and  is  the  exact  reverse 
of  the  case  of  Figs  10  and  11. 

*  When  at  the  central  apex  i,  Fig  10,  the  two  ends  of  the  obliques  id,  im,  which 
meet  there,  are  so  arranged  as  to  butt  tight  against  each  othei\  then  the  ceuter  hor 
strain  of  1  ton  at  that  point  is  not  borne  by  the  chords,  but  by  the  obliques  them- 
selves; so  that  there  will  then  be  that  much  less  strain  at  the  center  point  of  that 
chord  than  along  the  center  stretch  d  m  of  the  other  chord.  But  it  instead  of  this, 
they  abut  against  the  chord,  at  some  little  distance  from  each  other,  then  the  chord 
also  receives  the  strain ;  so  that  the  hor  strains  at  the  centers  of  the  two  chords 
l>ecome  equal,  as  we  asuume  to  be  the  case  in  all  our  Figs  of  uniform  trusses  uni- 
lormly  loaded  each  way  from  the  center.  The  same  remark  applies  (o  the  hor  strain 
of  .5  of  a  lou  ut  the  ceuter  apex  e  of  Fig  11. 
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The  strain  along  the  center  vert  tie  e  i  of  Fig  10,  will  be  equal  to  the  4  tons  at  e ; 
and  when  Vie  entire  wt  is  assumed  to  be  on  tltt  long  chord,  the  vert  lines  at  the  other 
points  of  support  will  give  the  vert  pulling  strains  on. the  other  verts,  as  6, 10, 14. 

But  with  loads  npon  both  chords  thisjast  will  not  be  the  case;  but 
the  strain  on  each  vert  tie  will  then  be  equal  to  the  vert  strain  at  its  foot.* 

If  the  loaded  trass  is  inverted,  the  verts  become  struts  or  posts,  and 
the  obliques  ties ;  also  the  strain  on  each  vert  is  then  the  one  figured  at  Us  top;  but 
the  amount  of  strain  on  each  part  of  the  entire  truss  will  remain  as  before. 

In  Fig  10  all  the  uniform  wt  is  on  the  long  chord,  and  the  resulting  strains  are 
all  figured  on  the  diagram.  We  add  the  strains  that  would  occur  in  case  there  were 
an  additional  uniform  load  of  6  tons  on  the  upper  chord  from  /  to  t.  This  would  give 
1  ton  at  each  point  of  support  along  that  chord,  except  the  two  end  ones  I  and  t,  at 
each  of  which  it  would  be  but  .5  of  a  ton.  All  these  must  be  figured  on  the  short 
chord  of  the  diagram,  as  were  4,  4,  Ac,  on  the  long  one.  The  stndent  may  then 
work  out  the  case  for  himself.  We  repeat  that  uniform  trusses  and  loads  require  no 
counter-bracing. 

For  Fig  10,  bat  for  a  load  on  each  chord. 


t  i  =»   4.   tons. 
dj  =   6.5    •« 
c  k  =  11.5    " 
b  I  =  16.5    " 


i<2=   2.8    tons. 
jc=    8.39    " 
k  b  =  13.98    " 
la  =  19.01    " 


a  b  or   Ik  —    8.5   tons. 
6 cor  *i  =  14.76    " 
c  d  or  ji*=  18.50    " 
d  e  or  at »  =  19.75    « 


For  the  ••  third  process  "  in  Tig  11  (or  when  all  the  web  members  are 
oblique,  whether  equally  so  or  not)  after  having  found  and  figured  the  loads  and  vert 
strains  at  each  point  of  support  precisely  as  directed  for  Fig  10,  then  from  every 
such  point  in  both  chords  draw  a  vert  line  as  «v,  t'  »,  d  v,  Ac  ;  and  en  it  lay  off  sepa- 
rately by  scale  both  the  vert  strain  that  comes  to  that  poyit  through  a  web  member 
from  towards  the  center  of  the  truss ;  and  the  one  that  goes  /rem  it  through  another 
web  member  towards  the  abut ;  except  that  at  the  very  starting  point  e,  Fig  11,  there 
is  but  one  vert  strain  (the  one  of  2  tons  going  from  it) ;  and  at  the  very  end  a  also 
there  is  but  one,  namely  that  of  14  tons  conking  to  it  along  the  oblique  la;  for  the 
2  tons  at  a  are  not  to  be  included,  because  they  do  not  reach  a  by  means  of  a  web 
member.    Therefore  both  at  e  and  at  «a  only  a  single  vert  strain  is  to  be  laid  off.f 

*  It  is  so.  in  both  cases,  for  in  any  of  these  trasses  under  stationary  loads 
the  strain  along  a  web  tie  whether  vert  or  oblique  may  be  considered  to  commence 
at  its  lower  end,  that  being  the  end  at  which  the  panel  loads  first  act  on  their  route 
to  the  abut, and  up  which  they  as  it  were  work  their  way.  But  uuder  moving  loads 
the  same  member  may  have  to  act  both  as  a  tie  and  a  strut ;  hence  the  remark 
will  not  apply  to  such.  Referring  to  what  is  said  above,  when  the  entire  wt  is 
on  only  one  chord,  the  vert  strains  at  the  two  ends  of  any  tie  in  Fig  10  are  equal. 
Hence  a  line  drawn  to  represent  the  upper  one,  may  be  assumed  to  repre- 
sent also  the  lower  one.  But  when  both  chords  are  loaded,  tiie  vert  strains 
figured  at  the  two  ends  of  any  tie  are  unequal,  and  we  must  then  have  regard 
to  the  true  priuciple.  If  the  vert*  should  be  struts  or  posts  (as 
if  Fig  10  should  be  inverted)  then  any  strain  along  them  mnst  be  received  from 
their  tops,  or  the  reverse  of  the  case  with  ties.  14  will  aid  the  student  very 
much  in  what  follows  to  familiarize  himself  with  the  idea  that  strains  paws 
only  down  the  struts,  and  up  the  ties. 

f  When  all  the  wt  of  truss  and  load  is  assumed  to  be  on  the  long  chord  as  in  our 
Fig  11,  then  the  vert  strain  that  comes  to  any  point  in  the  short  chord  by  one  w<-l> 
member  is  plainly  the  same  in  amount  as  that  which  goes  from  it  by  the  other  wel» 
member;  and  hence  only  one  vert  measurement  need  be  laid  off  for  it,  as  is  seen  at 
i  v,j  v,kv,l  v,  in  the  Fig.  But  at  the  long  chord  (or  at  both  chords  when  there  is 
a  load  on  both)  the  vert  strain  that  comes  to  any  point  is  less  than  the  one  that  goes 
from  it  towards  the  abut,  and  is  evidently  the  one  last  figured  at  that  point,  as  tiio 
2,  6, 10,  Ac,  tons  at  d,  c,  It,  Ac,  in  Fig  11 ;  while  the  one  that  goes  from  that  point 
towards  the  abut  is  as  evidently  equal  to  the  sum  of  the  two  strains  figured  at  that 
point,  as  the  6, 10, 14,  Ac,  tons  at  d,  c,  b,  Ac.  When  both  chords  are  loaded  there  will 
be  two  vert  strains  to  be  figured  at  each  point  of  support  in  both  chords,  except  ut 
the  very  starting  point,  and  at  each  abut,  where  will  be  but  one  in  any  case. 
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Draw  also  the  hor  lines,  thus  forming  a  series  of  triangles  (as  ivu,  «t>  u,j  vu,/v«, 
Ac,  of  the  upper  chord;  and  avu,bvu>bzu,  Ac,  of  the  lower  chord),  each  with 
one  vert,  one  hor,  and  one  oblique  side.  Then  the  combined  hor  strain  exerted 
upon  either  chord,  by  the  oblique*  at  any  point  of  support  and  by  the  part  load  (if 
any)  supported  there ;  will  be  measured  by  the  sum  of  the  two  hor  lines  directly  oppo- 
site to  said  point,  except  at  the  center  e,  and  at  the  end  a,  at  each  of  which  it  will  be 
measured  by  the  tingle  hor  line  v  u,  or  v  u,  opposite  each.*  Those  hor  strains  (7,  5, 
3,  1  tons  on  the  upper  chord ;  and  3.6,  6,  4, 2,  .5  on  the  lower  chord)  are  figured  close 
to  the  points  of  support  at  which  they  occur ;  and  the  total  hor  strains  on  the  sev- 
eral stretches  of  the  chords  are  figured  midway  of  said  stretches.f 

..The  strain  along:  any  oblique  asjc,  will  be  measured  by  the  oblique 
side  j  u,  or  c  u,  of  either  one  ot  the  two  triaugles  on  either  side  of  it;  aud  this  will 
be  the  case  whether  one  or  both  chords  be  loaded;  or  if  the  truss  and  load  be  in- 
verted. All  the  strains  in  Fig  11  (loaded  on  the  long  chord  only)  being  figured  on 
the  diagram,  we  give  below  the  strains  that  would  occur  in  case  there  were  an  ad- 
ditional uniform  load  of  7  tons  on  the  short  chord  from  Itot;  which  would  give  1 
ton  at  each  point  of  support  along  that  chord,  except  the  two  end  ones  I  and  t,  at 
each  of  which  it  would  be  but  .5  of  a  ton.  All  these  must  first  be  figured  on  the 
short  chord  of  the  diagram,  as  were  4,  4,  Ac,  on  the  long  one.  The  student  may 
then  work  out  the  case  for  himself. 


For  Fig-  11,  bat  for  a  load  on  each  chord. 


ei  =  2.06  tone, 
id  =  3.09    " 
d>  =  7.22    " 
jc  =  8^5    M 


c  Jfc  =  12.36  tons. 
k  b  =  13.40    " 
61  =  17.63    « 
la=*  18.04    " 


ab  =    4.38  tons. 
be  =  11.88    u 
ed  =  16.88    " 
d«  =  19.38    ♦« 
ate  =  19.88    M 


li  =    8.63  tons. 
*j=  14.88    * 
ji  =  18.63    » 
i  to  center  «  19.88    " 


Art  12.  The  strains  in  Figs  10  and  11  may  readily  be  calcu- 
lated (after  having  by  the  "first  and  second  processes"  fouud  the  vert  strains  at 
all  the  points  of  support)  whether  one  or  both  chords  be  loaded,  or  if  the  truss  and 
load  be  inverted.  Thus,  divide  the  hor  stretch  of  an  obliqne  by  its  vert  stretch ;  the 
quotient  will  be  the  natnral  tangent  (.6  lor  Fig  10,  and  .25  for  Fig  11)  of  the 
angle  (26°  84'  in  Fig  10,  and  14°  2'  in  Fig  11  >  which  the  oblique  forms  with  a  vert 
line.  Divide  the  actual  length  of  an  oblique  by  its  vert  stretch;  the  quotient  will 
be  the  nat  secant  (1.12  for  Fig  10,  and  1.03  for  Fig  11)  of  the  same  angle.  Then 
the  strain  along  any  oblique  in  Fig  10  or  11,  is  found  by  multiplying  the 
vert  strain  that  travels  towards  the  abutment  along  said  oblique,  by  the  nat  secant. 

The  hor  strain  on  either  chord,  caused  by  either  end  of  any  oblique, 
is  in  Fig  10  equal  to  the  vert  strain  that  travels  along  said  oblique  towards  the  abut- 
ment, mult  by  nat  tangent.  And  in  Fig  11,  it  is  equal  to  the  vert  strain  that  comes 
to,  added  to  that  which  goes  from  any  end  of  an  oblique,  mult  by  nat  tang ;  except 
at  the  center  and  end.  where  the  single  vert  strain  must  be  mult  by  nat  tang. 

AH  this  is  simply  because  that  if  we  assume  the  vert  side  of  any  one  of  the  tri- 
angles to  be  radius  or  1,  then  the  hor  side  becomes  by  that  same  scale  the  nat  tang 
of  the  angle  which  it  subtends ;  while  the  oblique  side  becomes  the  nat  secant  of 
the  same  angle. 

The  principle  of  the  mode  of  finding  the  strains  in  Figs  10  and 

11  is  this.    We  know  that  if  three  forces  are  in  equilibrium  with  each  other  at  any 
point,  the  lines  which  represent  them  will  form  a  triangle.    Now  at  every  point  of 

*  Each  of  the  upper  hor  lines  uu,uu,  Ac,  in  Fig  11  is  to  be  considered  as  com- 
posed of  two  separate  ones  v  u,  v  «,  Ac ;  the  right  hand  one  of  which  measures  the 
hor  strain  caused  by  the  vert  strain  that  comes  to  itj,  Ac;  while  the  left  hand  one 
measures  the  hor  strain  caused  by  the  vert  one  that  goes  from  i,y,  Ac,  towards  the 
abutment.  Such  lines  us  u  u,  u  u,  Ac,  occur  only  when  all  the  wt  is  on  ono  chord ; 
for  when  both  chords  are  loaded,  the  vert  strain  that  comes  to,  and  that  which  goes 
from  any  point  of  support  differ,  therefore  requiring  two  unequal  vert  measurements, 
and  two  unequal  hor  lines  at  each  point  of  support  of  both  chords,  except  at  the 
center,  and  at  the  ends ;  at  each  of  which  will  bo  but  one. 

,_.  .    Total  uniform wtX span     .       .    ,     A 

+ The  common  rule s-^ -.--  _-    _    .  ^ —  =■  n<>r  "train  at  center 

8  times  the  height 

of  either  hor  chord,  is  not  strictly  correct  except  when  both  chords  extend  the  lull 

length  of  the  span,  and  are  both  loaded  throughout  their  entire  length ;  or  in  the 

impossible  case  of  the  entire  wt  being  on  the  long  chord.    Still  in  ordinary  cases  it 

is  a  sufficiently  close  approximation.    On  this  subject  see  Art  19. 


TRUSSES. 


563 


rapport  in  Fig  10  we  have  one  set  of  three  stick  forces ;  and  in  Fig  11,  two  sets.  In 
Fig  10  it  was  not  necessary  to  show  those  at  the  long  chord.  Now  each  set,  or  each 
triangle  represents  a  vert  force,  a  nor  one,  and  an  obliqne  one,  keeping  each  other 
in  equilibrium  at  the  point  of  support.  It  is  true  that  there  are  other  forces  acting 
at  the  same  point,  but  as  they  hold  each  other  in  equilibrium,  they  do  not  interfere 
with  the  first  ones.  Thus,  both  the  7  and  the  12  tons  hor  forces  along  the  chord  at 
k  are  balanced  or  held  in  equilibrium  by  the  equal  ones  from  t  and  *,  on  the  other 
half  of  the  truss;  without  disturbing  the  forces  represented  by  the  sides  of  the  tri- 
angles.  Hence  by  measuring  those  sides  we  obtain  the  forces  and  strains  themselves. 


The  name  principle  either  by  diagram  or  by  calculation 
applies  to  Figs  12  to  13U,  when 
uniform  and  uniformly  loaded.  In  those 
Figs  all  the  weight  is  here  assumed  to  be 
on  the  long  chord;  (but  after  what  we 
hare  said,  no  difficulty  can  arise  when 
placing  loads  on  the  other  chord  also.) 
All  said  wt  is  first  to  be  properly  dis- 
tributed among  the  points  of  support  on 
said  long  chord,  and  there  figured,  as 
shown  by  the  upper  4s  and  2s  along  that 
chord  in  the  Figs.  This  being  done,  we 
have  figured  all  the  other  vert  strains, 
thus  providing  the  data  for  drawing  the 
vert  sides  of  the  triangles ;  and  these  in 
turn  give  us  the  hor  and  oblique  sides 
which  measure  the  corresponding  strains, 
and  all  of  which  are  drawn  on  the  Figs. 

All  these  trusses  being  uniform  and 
uniformly  loaded  from  the  center  each 
way  require  no  counter  bracing.  Bear  in 
mind  that  the  vert  strains  that  accumu- 
late at  an  abut  must  equal  half  the  wt  of 
the  truss  and  its  load. 

In  Fig  12,  with  no  oblique  at  the 
•enter,  the  4  tons  at  a  having  no  oblique 
in  contact  on  either  side  of  them,  go  to  6  ; 
and  on  their  way  to  b  strain  ab  4  tons. 
From  b  all  4  go  along  the  web  members 
to  the  nearest  abut  e  as  figured. 


In  Figs  12%  and  13  the  web  mem- 
bers of  each  are  to  be  regarded  in  some 
degree  as  belonging  to  two  separate 
trusses,  namely  abode  and  m  n  op  e  in 
Fig  12^ ;  and  abode  and  mnode  in 
Fig  18;  and  the  vert  strains  at  their  ends 
are  to  be  found  on  that  assumption,  as 
figured.    In  Fig  13,  o  d  is  .a  vertical  tie. 

In  Fiff  13^  these  being  at  none  of 
the  4  ton  loads  on  the  long  chord  an  ob- 
lique in  contact  with  them  on  either  side, 
they  (like  that  at  e  Fig  10,  or  at  a  Fig  12) 
pass  each  by  itself  vertically  to  the  upper 
chord,  where  figure  them.  Of  those  at  6, 
2  go  to  the  abut  e  by  way  of  the  oblique 
be;  but  the  other  two  4s  all  go  to  e,  each 
by  its  own  oblique.  Each  of  the  three 
bor  lines  gives  the  strain  exerted  upon 
the  upper  chord  at  the  respective  panel 
point ;  but  the  hor  strain  along  the  lower 


4 
14  6 

chord  is  uniform  from  end  to~end,  because  all  the  forces  that  produce  it  act  at  its 
ends  only.    It  is  equal  to  the  sum  of  the  three  hor  lines. 
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In  Ffl|T  13%«  at  the  4  ton  loads  at  c  and  «,  there  fa  no  oblique  in  contact  with 
them  on  either  side ;  therefore  they  pass  at  once  vertically  to  t  and  f ,  where  figure 
them.    Then  begin  with  2  of  the  4  tons  at  a. 

All  loads  that  have  no  oblique  in  contact  on  either  side,  whether  sustained 
by  vert  ties  or  by  vert  posts,  are  to  be  thus  transferred  at  once  to  the  opposite 
chord  in  order  to  meet  an  oblique  along  which  to  travel  to  the  nearest  abat;  sad 
said  vert  ties  or  posts  will  be  strained  to  the  amounts  of  said  loads. 


*>z 


_m 

**3 


P 

Fig.  13./ 


Art.  12%.  Moving-  loads  and  connterbraeins;.  The  foregoing 
Investigations  refer  to  cases  where  the  load  is  always  in  the  same  position,  and  of 
the  same  amount;  and  where,  consequently,  the  strain  on  any  given  member  is 
constant.  But  in  many  cases,  as  in  railroad  bridges,  the  amount,  and  manner  of 
distribution,  of  the  load,  change  greatly  from  time  to  time,  so  that  the  strain  on  a 
given  member  may  vary  greatly  in  amount,  and  may  even  change  from  tension 
to  compression  or  vice  versa.  In*  the  present  article  we  investigate  these  changes 
in  the  strains,  caused  by  changes  in  the  position  of  the  load. 

To  simplify  the  subject,  we  regard  the  weight  of  the  locomotive  as  being  «*/- 
formly  distributed  over  its  leugth,  as  shown  in  Fig  18/;  and  this  suffices  to  IHss- 
trate  the  principle.  Bat  specifications  frequently  cull  for  calculations  based 
upon  the  actual  load  on  each  pair  ©/  wheels  of  an  actual  or  assumed  engine  and 
tender,  as  shown  on  p  546. 


ffi 


We  will  illustrate  the  process  by  means  of  a  bridge  Fig  13/ of  120  feet  span 
x,  divided  into  6  panels,  each  20  feet  long  and  30  feet  high.   Length  of  oblique 


re      ye      36 


— 1/202  +  30*  =  36  feet ;  secant  of  brace  angle  r  c  q,  q  ep,  Ac,  =*  —  ?=*-  =  —  =  L£ 

cq     e  p     ow 

For  convenience  of  calculation  we  will  suppose  the  figure  to  represent  the  law 
trusses  of  such  a  bridge  combined  into  one.  We  first  calculate  the  strain  in  each 
member  of  this  supposed  double  truss,  and  then  divide  each  si  rain  by  2  for  the 
actual  strain  in  the  corresponding  member  of  each  actual  truss. 

The  weight  of  this  double  truss  is  48  tons ;  or  8  tons  per  panel ;  or  .4  ton  per 
foot  run.  The  floor,  and  its  several  timbers,  such  as  cross  giiders,  horizontal 
bracing,  Ac,  although  not  portions  of  the  truss  proper,  are  essential  to  the  bridge; 
and  are  to  be  eotiskieved  as  so  much  permanent  load,  equally  distributed  along 
the  truss.  They  are  assumed  to  weigh  an  additional  24  tons ;  or  4  tons  per  panel ; 
or  .2  ton  per  foot  run  of  the  double  truss.  Therefore,  tMfe  weight  of  the  truss 
and  iis  accompaniments  together,  or,  in  other  words,  of  the  bridge  superstruc- 
ture, is  72  tons ;  or  12  tone  per  panel ;  or  .6  of  a  ton  per  foot  ruu. 

The  moving  load  is  assumed  to  consist  of  an  engine,  yz,  weighing  36  tons;  all 
of  which  is  supposed  to  be  so  concentrated  upon  its  drivers  as  to  stand  upon 
the  length  of  one  panel.  The  engine  is  supposed  to  be  followed  by  a  tender  and 
cars,  weighing  21  tons  per  panel  or  1.05  tun  per  foot  run. 

In  our  process  we  suppose  the  train  to  be  placed  in  different  positions,  with 
the  engine  first  at  r,  and  then  backing  to  qtpt  o,  and  n  in  turn,  with  the  train 
reaching  in  each  case  to  the  left  abutment  m.  In  each  of  these  positions  we 
calculate  the  strains  in  those  web  members  which  then  sustain  their  greatest 
loads.    With  the  engine  at  r,  at  y,  aud  at  p  this  gives  us  the  maximum  ktraius  in 
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ax  and  ar,  in  cr  and  eg,  and  in  eg  and  ep  respectively,  and  also  the  similar 
maximum  strains  sustained  by  im  and  in,  by  An  and  ho,  and  by  eo  and  ep  re- 
spectively when  the  engine  is  at  n,  at  o}  and  at  p  with  train  reaching  to  the  right 
abutment  z.  We  thus  find  the  maximum  strains  in  the  verticals  and  nuiin 
obliques.  But  when  the  engine  (with  train  reaching  to  the  left  abutment  m)  is 
at  o  and  at  n  we  have  the  greatest  compressive  strains  in  the  direction  of  the 
counters  hp  and  to;  and  if  these  strains  exceed  the  constant  compressive  strains 
due  to  the  dead  load  and  acting  along  the  other  diagonals  eo  and  An  of  the 
same  panels,  then  we  must  either  insert  counter  struts  at  hp  and  io,  or  else  so 
arrange  the  struts  e  o  and  h  n  that  they  can  act  as  ties  also. 

The  greater  danger  from  engines,  arisen  from  the  fact  that  In  many 
of  them,  especially  in  heavy  freight  engines,  all  the  wt  is  concentrated  upon  their 
driving  wheels ;  which  are  so  close  together  that  a  90  or  40  ton  engine  on  8  drivers, 
will  often  have  its  entire  wt  sustained  upon  only  12  to  IS  feet  length  of  the  trass; 
thus  bringing  a  great  strain  upon  each  individual  web-member,  as  it  crosses  the 
bridge.  This  point  is  one  of  the  greatest  importance  in  arranging  the  preliminary 
data  on  which  to  form  the  basis  for  calculating  the  strains  on  a  bridge  truss ;  and  we 
should  allow  liberally  for  the  greatest  load  that  can  possibly  be  brought  upon  one 
panel  at  a  time.  When  the  panels  are  quite  short,  each  one  will  have  of  course 
to  sustain  only  a  smaller  portion  of  the  wt  of  engine;  it  may,  indeed,  have  to  be  di- 
vided among  2,  3,  or  4  of  them. 

Such  data  must  be  prepared  before  beginning  the  calculations.  Oar  assnmptions 
in  the  case  before  us  have  been  made  entirely  with  reference  to  ease  of  calculating 
our  example  with  but  few  figures.  Oar  truss,  together  with  a  load  of  cars  extending 
from  end  to  end,  will  weigh  198  tons ;  or  1.65  tons  per  ft  run ;  or  33  tons  per  panel. 

Having  prepared  a  diagram,  begin  by  finding  the  strains  caused  in  only  the  verts 
and  obliques,  by  the  bridge  itself,  half  the  wt  of  the  truss  afoue. being  considered 
to  be  on  the  top  chord,  while  all  of  the  weight  (24  tons)  of  floor  rests  of  coarse 
directly  on  the  lower  chord. 

By  our  "  first  process,"  p  659,  there  will  then  be  6  tons  each  at  ft,  e,  and  e ;  3  tous 
each  at  t  and  a ;  8  tons  each  at  n,  o,  p,  q,  and  r ;  and  4  tons  each  at  m  and  x.  By  onr 
second  and  third  processes,  the  strains  on  the  web  members  will  be  as  follows: 

On  ep 8     tons. 

u  ho  and  c 9,  each 15       " 

"inandar     u    29        4< 

"  eo  and  e q     u    8.4     " 

"Anandcr     •»    25.2     " 

"tmandax     «    38.4     " 

Write  these  strains  at  the  feet  of  the  respective  members. 

We  now  have  the  strains  on  the  web  members,  resulting  from  the  trass  itself, and 
from  its  uniformly  distributed  permanent  load  of  floor,  Ac ;  and  are  prepared  to 
begin  with  the  additional  strains  resulting  from  the  moving  load.  We  find  those  on 
the  counters,  on  one-half  of  the  diagram ;  and  those  on  the  main  obliques  and  ver- 
ticals, on  the  other  half.  First  suppose  the  engine  to  be  in  the  position  y  *,  on  the 
half  diagram  v  x;  with  the  train  reaching  to  the  farthest  end  m  of  the  truss.  In 
this  position  of  the  moving  load,  the  vertical  a  r,  and  the  end  oblique  a  x,  will  be 
more  strained  by  it  than  in  any  other;  and  their  strains  will  be  produced  by  that 
portion  of  tho  load  that  may  be  regarded  as  being  first  concentrated  at  r;  and  as 
passing  thence  up  r  a  to  a ;  and  from  a,  down  a  x  to  the  abutment  x.  To  find  this 
portion,  the  truss  may  be  considered  as  a  simple  beam  or  lever,  marked  off  into 
six  equal  divisions  at  r,  qtpt  o,  n.  In  that  case  we  know  (from  the  principle  of  the 
lever)  that  if  any  load,  as  for  instance  our  engine  of  36  tons,  be  placed  uniformly 
along  y  «,  its  whole  weight  may  be  assumed  to  be  concentrated  at  the  middle  point 
r;  and  that  five-sixths  of  it  will  be  borne  by  the  nearest  abutment  x;  and  ouly 
one-sixth  by  the  farthest  abutment  m.  So  also  with  the  panel  length  y  to  of  cars; 
its  weight  being  supposed  concentrated  at  7,  four-sixths  ot  it  must  be  borne  by  x; 
and  two-sixths  of  it  by  to.  Of  the  cars  w  v,  three-sixths  are  borne  by  0;  and  three- 
sixths  by  m.  Of  those  along  v  u,  two-sixths  are  borne  by  x;  and  four-sixths  by  m; 
of  those  along  u  s,  one-sixth  by  x;  and  five-sixths  by  m.  The  half  panel  of  cars, 
8  m,  rests  directly  upon  m,  and  produces  no  strains  in  the  truss. 

By  this  process,  then,  we  find  that  five-sixths  of  the  engine, or  30  tons;  four-sixths 
of  the  cars  y  it,  or  14  tons;  three-sixths  of  the  cars  wo,or  10.5  tons;  two-sixths 
of  v  «,  or  7  tons ;  and  one-sixth  of  u  s,  or  3.5  tons ;  making  65  tons  in  all,  are  borne 
by  the  abutment  x,  when  the  moving  load  is  in  the  position  shown  in  our  fig.    This 
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load  of  66  tons  passes  from  r  to  a;  and  from  a  to  x.*    The  calculation  is  made  as 
shown  under  our  fig  below  the  heading  "  With  engine  at  r." 

We  next  suppose  the  engine  to  back  into  the  position  y  w ;  with  the  train  reaching 
to  m;  and  with  no  load  between  y  and  x.  In  this  position  the  strains  on  qc,  and  crt 
are  greater  than  in  any  other ;  and  by  a  process  precisely  as  before,  and  as  shown 
under  our  fig,  below  the  heading  "  Engine  at  7,"  we  find  that  45  tons  of  the  moving 
load  go  to  the  abut  x ;  passing  from  q  to  c ;  and  from  c  to  r,  on  their  way  to  it.  Then 
placing  the  engine  at  to  t>,  the  cars  reaching  to  m,  and  no  load  between  to  and  x,  the 
strains  on  p  e  and  e  q,  are  the  maximum  that  they  can  be  subjected  to  by  an  engino 
and  traiu.  28.5  tons  live  load  go  to  x,  as  shown  under  "  Engine  at  p."  We  have 
now  reached  the  center  of  the  truss,  and  have  obtained  data  fur  the  greatest  strains 
that  can  occur  on  the  verts  and  main  obliques  on  one-half  of  it.  So  far  as  regards 
the  corresponding  members  on  the  other  half,  we  stop  here ;  for  it  is  manifest  that 
an  engine  and  train  crossing  the  bridge  in  the  opposite  direction,  must  produce  the 
same  maximum  strains  upon  them  as  we  have  already  found  for  the  others.  That  is, 
im  will  be  strained  the  same  as  a  x ;  n  i  the  same  as  r  a ;  eo  the  same  as  e  g,  and  so  on, 
by  a  returning  train.    Write  these  strains  near  the  tops  of  the  verticals. 

But  as  yet,  we  have  not  sufficient  data  for  determining  where  counters  will  be 
required.  To  do  this,  we  draw  the  two  lines  hp>  and  i  o,  parallel  to  the  obliques 
eo  the  opposite  side  of  the  truss ;  and  taking  it  for  granted  for  the  present,  that  these 
two  lines  are  counters,  we  back  the  engine  to  v  «,  and  then  to  u  s ;  performing  each 
time,  calculations  precisely  similar  to  the  former  ones ;  and  as  shown  under  the  head- 
ings "Engine  at  o,"  Ac.  We  have  stated  in  a  former  Art,  that  a  counter  is  most 
strained  when  the  moving  load  extends  from  it  to  the  nearest  abut.  Therefore,  a 
counter  h  p  would  be  most  strained  with  the  engine  on  v  tt,  and  the  train  reaching 
to  m ;  and  i  o,  by  the  engine  on  u  «,  with  a  train  to  m. 

*  With  the  engine  at  r,  as  in  the  Fig,  the  counters  t*  o  and  hp  are  not  required. 
Consider  them  removed,  and  it  will  be  seen  that  the  several  sixths  of  the  panel  loads 
reach  their  respective  abutments  by  the  following  routes : 

Of  u  «,  one-sixth  to  x,  via  nhoeqcrax;  five-sixths  to  m,  via  nim.  Of  v  u, 
two-sixths  to  x,  via  oeqcrax;  four-sixths  to  in,  via  o  h  n  i  m.  Of  to  v,  three- 
sixths  to  x,  via  p  e  q  c  r  a  x ;  three-sixths  to  m,  via  p  e  0  h  n  i  m.  Of  y  to,  four-sixths 
to  »,  via  q  c  r  a  x ;  two-sixths  to  m,  via  q  e  o  h  n  i  m.  Of  the  engine  s  y,  five-sixths 
to  x,  via  rax;  one-sixth  torn,  via rcgeofcntm. 

The  one-sixth  of  engine  going  to  m,  in  passing  from  e  to  m,  and  the  five-sixths  go- 
ing to  x,  plainly  bring  upon  each  member  the  same  kind  of  strain  as  that  brought 
upon  it  by  the  weight  of  truss  and  floor;  i.  «.,  tension  upon  the  ties  and  compression 
upon  the  struts ;  and  thus  increase  their  strains ;  but  in  passing  from  r  to  «,  the  one- 
sixth  going  to  m  pulls  the  struts  c  r  and  e  qt  and  presses  the  tie  c  q,  thus  diminishing 
the  strains  upon  those  members. 

And,  similarly,  in  any  position  of  the  engine  and  train,  each  panel  length  of  mov- 
ing load,  except  to  v,  divides  at  its  point  of  support ;  one  portion  passing  up  the  ver- 
tical tie  (and  increasing  the  tension  upon  it)  on  its  way  to  one  abutment ;  and  the 
other  portion  passing  up  the  inclined  strut  (and  diminishing  the  thrust  upon  it)  on 
its  way  to  the  other  abutment.    10  v  divides  at  e.    See  foot  note  *,  p  568. 

Cantion.  When  a  web  member  is  subjected  to  its  maximum  strain,  no  such 
relieving  strain  can  thus  come  to  it  from  the  moving  load.  Thus  c  q  has  its  maxi- 
mum strain  (tension)  when  the  engine  is  at  9,  with  train  reaching  to  m;  and  there 
is  then  no  load  at  r  to  relieve  c  q  by  sending  a  compressive  strain  through  it 

The  final  or  resultant  strain  (which  may  or  may  not  be  the  maximum  strain)  upon 
any  member,  for  any  given  positiou  of  the  train,  is  the  difference  between  the  tension 
and  compression  upon  it  at  that  moment ;  and  is  of  course  a  pull  if  the  tension  if 
greater  than  the  compression,  and  vice  versa. 

Thus,  with  engine  at  r,  as  in  the  figure,  the  final  strain  on  the  tie  a  r  is  s* 

Tension.  Tension.  Compression.       Tension. 

29  tons  from  bridge  and     ,     65  tons  of  train  go-       0       =■       94  tons, 

floor,  as  per  p  565         "*"     ing  to  x,  as  above 

and  this  Is  also  the  maximum  strain  on  a  r.    But  on  c  q,  the  final  strain  (with  en- 
gine still  atr)is  =» 

Txnsion.  Tension.  Compression. 

1R^M#, /    --*—  Five-sixths  of  en-v        %  of  engine  going  to-w,        J 

JS*™  5T      +  1     ?  to?8     -  gine  which  do  not  I  -  which  presses  c  q,  and 
bridge  and  floor  f  ^going  to  x       ^  tnrough  c  q  J       thuB  nfieyeB  ite  tension. 

T  T  0  T 

„    15    +    86    —    6    —    44  tons. 

But  this  U  not  the  maximum  strain  on  eg;  for  this  takes  place,  as  already  remarked, 
with  engino  at  q,  and  amounts  to  45  tons. 
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t  %     n     u    o 

Span  120  ft. 


Figr.13./ 


Height  SO  ft. 


With  Engine  at  jp> 

there,  go  to  x. 

Tons. 

18      =  3-6  engine, 
7      =  2-6  v  u. 

3.5    =  1-6  o  8. 


28.50  go  to  x. 
1.2  nat  sec. 


34.2     on  e  q 

,/rom  toad  onZy. 


MAIN    BRACES. 

With  Engine  at  q, 

tiiere  go  to  x. 
Tons. 

24  =4-6  engine. 

10.5  =  3-6  w  v. 

7  =  2-6  v  u. 

3.5  =  1-6  u  s. 


45.  ■  go  to  x. 
1.2  nat  sec. 


54.       on  c  r 

from,  load  only. 


With  Engine  at  r, 

there  gotox. 
Tons. 

30  =  5-6  engine. 

14  =  4-6  y  w. 

10.5  =  3-6  w  v. 

7  =  2-6  v  u. 

3.5  =  1-6  u  s. 


65.     go  to  x. 
1.2  na£  we. 


78.       on  a  x 

from  load  only. 


Vertical  e  p. 

36  (=  weight  of  engine). 

Total  *m  e  pfrom  load  only. 


VERTICALS. 

Vertical  c  q. 

45  go  to  x. 

Total  on  c  q  from  load  only. 


Vertical  a  r. 

65  go  to  x. 

Total  on  a  rfrom  load  only. 


COUNTERS. 


Counter  i  o. 
Engine  at  n. 

6     =  1-6  engine  go  to  x. 
1.2  nat  «ec. 

7.2  on  i  o 
from  load  only. 


Counter  h  p. 

Engine  at  ©. 

12     =  2-6  engine. 
3.5  =  1-6  u  a. 

15.5  go  to  x. 
1.2  nat  sec. 

18.6  on  h  p 
/rotw  load  only. 


•t    Supposing  the  calculations  to  have  been  made  as  above,  we  have  thereby  found 
the  several  loads,  say  65 ;  45 ;  28.5 ;  15.5 ;  and  6 ;  which  go  from  train  to  x,  from  the 
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several  points  r,  q,  p,  o,  n,  'when  the  engine  is  at  each  of  those  points  in  succession; 
with  a  train  reaching  in  each  case  to  m.  Each  of  these  loads,  in  travelling,  as  it  were, 
from  its  particular  point,  to  the  abut  a?,  first  ascends  to  the  top  of  its  own  vert;  and 
then  descends  along  the  adjacent  oblique ;  producing  in  said  oblique  a  strain  as  much 
greater  than  the  load  itself,  as  the  length  of  the  oblique  is  greater  than  its  vert 
spread.*  Now,  each  of  our  obliques,  as  before  stated,  is  36  ft  long,  or  1.2  times  as  long 
as  its  vert  spread  30  ft,  (or  the  height  of  truss;)  which  1.2  is  therefore  the  nat  sec  of 
the  angle  which  any  of  our  obliques  forms  with  a  vert  line.  Therefore,  to  find  the 
strain  which  each  of  our  moving  loads  produces  on  the  oblique  next  to  it,  on  its  way 
to  the  abut  x,  mult  each  said  load  by  1.2,  as  in  the  above  calculations.  We  thus  ol>- 
tain  for  these  strains,  78  tons  on  ax;  64  on  c  r;  and  34.2 on  eq;  all  which  write  near 
the  tops  of  the  obliques. 

For  the  verticals  and  main  obliques ;  Total  max  strain  =  truss  strain 
-f  moving-load  strain.    Thus: 


Verticals 

ep  8  +  36    =  44 

ho,  cq,  each  15  +45    =60 
in,  ar,     "    29  +  65    =94 


tons 


(< 


Main  obliques 

«o,  eq}  each    8.4  +  34.2  -=   42.6  tons 
hn,  cr,    M     25.2  +  54    —    79.2    M 
iro,  ax,    u     38.4  +  78    — 116.4    " 


For  the  counters,  we  go  to  the  other  side,p  m,  of  the  truss.  Beginning 
with  the  panel  e  h  op,  we  examine  its  twodiags,  hp,  e  o,  and  see  that  with  the  engine 
at  v  a,  and  the  care  reaching  to  m,  there  is  produced  in  the  counter  Aj>  its  maximum 
strain  of  18.6  tons;  which  tends  to  cause  in  the  truss  the  kind  of  derangement  shown 
in  Figs  9%,  9%,  and  96.  Now,  to  resist  this  derangement,  there  is  nothing  but  the 
8.4  tons  prod  uced  by  the  truss,  floor,  Ac,  upon  the  opposite  diag  e  o  of  the  same  panel. 
Since,  therefore,  the  deranging  effect  of  the  load  is  greater  than  the  preventive  effect 
of  the  weight  of  the  truss,  there  must  be  a  counter  at  h  p,  able  to  bear  a  pres  equal 
at  least  to  the  difference  between  the  two,  or  to  18.6  —  8.4  =  10.2  tons;  or  else  the 
strut  e  o  must  be  made  so  that  it  can  also  act  as  a  tie,  capable  of  sustaining  safely  a 
pull,  of  10.2  tons.  This  last  method  relieves  h  o  and  ep  from  15.6  tons  each, but  this 
relief  comes  when  they  have  not  their  maximum  load. 

We  now  go  to  the  next  panel,  hino.  But  here  we  find  that  the  deranging  effect 
of  the  load  on  the  counter  i  o,  with  the  engine  at  u  «,  is  but  7.2  tons;  while  the  pre- 
ventive effect  of  the  wt  of  the  truss,  exerted  through  the  opposite  diag  A  n,  is  25.2 
tons.  Hence,  the  moving  load  can  produce  no  derangement  of  the  truss ;  and  coo* 
seqUently  the  counter  t  o  may  be  omitted.  On  this  same  principle  each  panel  on  one 
side  of  the  truss  must  be  examined,  when  there  are  many  of  them ;  and  the  insertion 
or  omission  of  counterbraces  be  determined  upon.  When  we  thus  arrive  at  a  panel 
at  which  no  counter  is  reqd,  none  will  be  needed  between  it  and  the  nearest  end  of 
the  bridge.  Similar  counters  will,  of  course,  be  needed  on  the  other  side  of  the  trust- 
In  practice  it  is  better  to  retain  the  first  apparently  unnecessary  connterbrace; 
counting  from  the  center  of  the  truss.  Thus,  although  calculation  shows  i  o  to  be 
unnecessary,  it  is  well  to  retain  it.  The  lighter  a  bridge  is,  iu  proportion  to  its 
moving  load,  the  greater  will  be  the  number  of  panels  requiring  counters. 

The  strains  on  the  chords  are  greatest  when  the  truss  is  loaded 
from  end  to  end;  and  for  Fig  13/,  as  well  as  for  Fig  13 g,  may  readily  be  calcu- 
lated by  Art  12 ;  or  found  by  a  diagram  with  a  max  load.  Or  sufficiently  close  for 
most  purposes,  the  hor  strain  along  either  chord  at  the  center  of  the  truss  where 
the  strain  is  greatest,  will  be  equal  to 

Total  weight  of  truss  and  load  X  span      198  X  120  =  23760  = 
~8  times  the  depth  or  height  of  truss  8  X  30  240 

Finally,  each  of  all  the  strains  in  our  double  truss  must  bo  div  by  2 ;  for  propor- 
tioning them  among  the  two  actual  trusses,  which  we  have  all  along  supposed  (for 
convenience)  to  be  combined  into  one. 

Art  12%.    The  Warren  or  triangular  truss.    Fig.  13  g. 

Here  the  dotted  web-members  which  supplant  the  ties  in  Fig  13/,  are  not 
vert ;  but  inclined  to  the  same  extent  as  the  struts  or  braces.  Hence  the  bor  stretch 
of  each  oblique  will  be  but  half  the  length  of  a  panel,  or  10  ft ;  or  only  hwl  fas  great  as  in 

Fig  13/.    Consequently,  the  length  of  each  oblique  will  be  V 10*  +  a0»  =  31.6  ft ; 

31.6 
and  the  nat  sec  of  the  brace  angle  will  be  -^r-~  1>05 »  ana>  tne  nat  **"&  of  the  same 

10 
angle  will  be  —  =  .333.    All  the  other  data  being  the  same  as  in  the  foregoing  ep 


30 


*  A  load  L  at  the  center  p  causes  a  strain  =  L  iu  the  middle  vertical  e  j»,  but,  u 
this  strain  divides  at  e,  the  obliques  e  o  and  e  q  receive  each  only  half  of  L  X  •  o  -t- «  s. 
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ample,  prepare  a  diagram,  and  from  it  find  the  strains  on  the  obliques  from  the 
wt  of  the  bridge  alone ;  one-half  of  the  wt  of  the 


q      y 


trust  only  being  supposed  to  be  on  the  top  chord,  making,  by  oar  first  process,  *p  559, 
4.8  tons  each  at  e,  d,  c,  and  b ;  2.4  tons  each  at  t  and  a ;  8  tons  each  at  n,  o,  p,  4,  aud  r ; 
and  4  tons  each  at  m,  and  x.  By  our  secoud  and  third  processes,  the  strains  on  the 
web  members  will  be  as  follows : 


On  p  d  and  p  c,  each 4.2  tons. 

44  doandco,    "    9.24   * 

"   oeandgo,    "    17.64 


u 


On 


it 


e  n  and  b  r,  each 22.68  tons. 

ntandra,    "    31.08     u 

tmandax,    "    33.6      " 

Write  these  strains  at  the  feet  of  the  respective  members,  as  before. 

Having  now  the  correct  strains  arising  from  the  weight  of  the  truss  find  floor; 
next  find,  precisely  as  In  the  preceding  example,  how  much  of  the  moving  load  will 
go  to  x  when  the  engine  is  at  r,  as  in  the  fig,  with  the  train  reaching  to  m'\  and 
afterward  with  the  engine  at  <?,  p,  o,  and  n,  in  succession.  These  loads  will  of  course 
be  the  same  as  in  the  former  example,  namely : 

Engine  at  n.         Engine  at  o.         Engine  at  p.         Engine  at  q.         Engine  at  r. 
6  go  to  x.  15.5  go  to  x.  28.5  go  to  x.  45  go  to  x.  65  go  to  x. 

Multiplying  each  of  these  by  the  uat  sec  1.05,  we  get  the  compressing  strains  which 
they  produce  on  the  end  oblique  strut  a  x;  and  on  the  other  obliques  that  are  par- 
allel to  it;  namely : 

On  e  o.  On  d  p.  On  c  q.  On  b  r.  On  a  x. 

6.3  16.275  29.925  47.25  68.26 

which  write  near  the  tops  of  said  obliques.  But  they  also  produce  precisely  the 
same  amount  of  strains,  in  the  shape  of  tensions  or  pulls,  on  the  respective  dotted 
ties  which  carry  them  to  the  struts  between  x  and  p ;  and  on  the  struts  which  carry 
them  to  the  dotted  ties  between  m  and  p.  Write  them  all  near  the  heads  of  said 
obliques  also.* 

Now,  if  on  the  half  truss  xp,  we  add  together  the  strains  written  at  the  head  and 
foot  of  each  oblique  separately,  the  sums  will  be  the  total  or  maximum  strain  (com- 
pressive on  the  struts,  and  tensile  on  the  ties)  which  said  obliques  will  be  subjected 
to  on  the  passage  of  the  train.  They  will  of  course  be  the  same  on  the  other  half  of 
the  truss  when  the  train  crosses  in  the  opposite  direction. 

Finally,  as  to  eotuiterbraelnff,  we  go  to  the  other  half,  m  p,  of  the 
truss.      Beginning  with  the  oblique  d  p,  we  see  that  with  the  engine  at  o,  and 

*  The  remarks  in  foot-note  p  566  apply  also,  in  principle,  to  Fig  13g.  Thus,  with 
the  engine  atr,as  in  the  fig,  the  five-sixths  of  engine,  going  to  z,  increase  the  strains 
on  r  a  and  ax.  The  one-sixth,  going  to  m,  diminishes  the  strains  in  r  6,  bq,  q  c,  and 
c  p  (but  these  members  have  not  now  their  maximum  strains),  and  increases  those 
in  p  dj  d  o,  o  «,  e  n,  n  t,  and  i  m. 

The  final  strains,  also,  are  found  in  the  same  way  as  in  Fig  13f.  Thus,  with  engine 
at  q,  train  reaching  to  to,  we  have  final  strain  on  q  b  (maximum) 

Tension.  Tension.  Compression.    Tension. 

=  17.64  from  truss  and  floor  +  45  going  to  x  X  1.05  =  47.25      —      0      =      64.89; 

and  on  q  c  (not  maximum) 

Compression. 
«=   9.24  from  truss  and  floor 

C 

-        9.24        + 


Compression.  Tension. 

[(45  to  rc  —  |  engine)  X  1.05]  —    (g  engine  X  1.05) 

C  T  C 

22.05       —       12.60       —  18.69  tons. 
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the  train  reaching  to  w,  the  deranging  compressive  strain,  18.3  tons,  of  the  mov- 
ing load,  is  greater  than  the  preservative  tensile  strain,  4.2  tons,  of  the  truss 
and  floor,  acting  on  it  at  the  same  time.  Therefore,  d  p,  although  a  tie,  the  same  as 
cp,  is  liable  at  times  to  be  compressed  rather  than  pulled.  Therefore,  it  must  be  so 
arranged  as  to  act  also  as  a  strut ;  at  least  so  far  as  to  bear  a  pressure  equal  to  the 
difference  between  the  16.3  tons  of  pressure  from  the  load  and  the  4.2  tonB  of  tension 
from  the  weight  of  the  truss  and  floor;  or  to  12.1  tons.  The  same  end  would  be  ac- 
complished by  inserting  a  counter  tie  reaching  from  o  to  c. 

On  the  next  oblique  o  rf,  which  is  a  strut,  the  same  as  c  q,  the  moving  load  on  v  m 
produces  a  pull  of  16.3;  while  the  truss  and  floor  produce  on  it  a  pres  of  only  9.2 
at  the  same  time.  Therefore,  although  it  is  a  strut,  it  is  liable  at  time*  to  be  pulled 
rather  than  compressed;  and  consequently  it  must  be  made  able  to  bear  a  pnll  also, 
equal  at  least  to  16.3  —  9.2  =  7.1  tons.  The  introduction  of  a  counter  strut  reaching 
from  e.  to  p  would  answer  the  same  purpose.  On  the  tie  «  o,  the  deranging  compres- 
sive load  strain  6.3  is  less  than  the  preservative  tensile  strain  17.6  of  the  truss  and 
floor  acting  upon  it  at  the  same  time.  Therefore,  it  may  remain  as  a  tie  only  ;  or  in 
other  words,  it  requires  no  counterbracing.  When  this  is  the  case,  no  other  oblique 
between  it  and  the  nearest  abutment  m  needs  counterbracing.  It  is  almost  needless 
to  remark,  that  the  half  xp  of  the  truss  requires  the  same  as  the  half  »j>,  when  the 
engine  crosses  in  the  opposite  direction. 

The  strains  on  toe  chords  are  found  as  directed  on  p  568. 


Fig.  14. 


Span  64  ft. 
Rise  16  ft. 


Art.  13.  In  Fig  14,  as  in  Figs  10  and  11,  the  truss  is  of  64  ft  span  and  16  ft  rise, 
with  an  extraneous  load  of  32  tons;  of  which  our  first  process  gives,  as  before, 
2  tons  each  at  a  and  at  the  other  end  of  the  span,  and  4  tons  at  each  other  panel  point 
b,  c,  d,  «,  /  etc.    The  wt  of  the  truss  itself  is  neglected,  as  before. 

Second  and  third  processes.*  Each  panel  load  divides  at  its  point  of 
support,  as  explained  more  Fully  in  Rem,  p  573,  one  portion,  r*"'  etc,  going  directly 
down  the  rafter  to  the  nearest  abut;  the  other,  b*',f  etc,  by  way  of  the  web  members 
to  the  peak  e  of  the  truss,  and  thence  via  the  rafters  to  the  abuts. 

Thus,  beginning  at  the  panel  load  b,  nearest  the  abut,  lay  off  by  scale  the  vert 
br  =  that  panel  load,  4  tons.  Draw  rh"f  parallel  to  the  rafter,  and  V"*"'  horizontal, 
or  parallel  to  the  tie  beam.  Measure  tt"r,  which  represents  the  portion  (2  tons)  of  b 
going  directly  to  a  via  the  rafter,  and  write  its  amount  (2)  at  a.  Also  measure  6  «"', 
the  portion  (2  tons)  of  6  going  to  e  via  b kcj die,  and  write  its  amount  (2)  at  c,  over 
the  original  panel-load  74)  of  c;  thus  making  the  final  load  at  c  =  6  tons.  Make 
cr  =  this  load,  draw  r h" parallel  to  the  rafter,  and  h" a"  hor.  Then  «"r  (  =  2  tons) 
goes  from  c  to  a  via  the  rafter ;  and  c  «"  (  =  4  tons)  goes  to  e  via  cj  d  i  «.  Write  these 
amounts  at  a  and  d  respectively.  The  final  load  at  d  thus  becomes  8  tons.  Therefore 
make  dr  =  8  tons ;  draw  r  h!  parallel  to  the  rafter,  and  h'  J  hor.  Then  tfr  (2  tons) 
goes  from  d  to  a  via  the  rafter ;  and  d  tf  (6  toils)  to  e  via  d  i  e.    Write  these  amounts 

*  When  wishing  to  know  merely  the  amount*  of  the  several  final  panel  loads  in  a 
truss  like  Fig  14,  uniformly  loaded  and  divided  into  panel*  of  equal  length ;  without  car- 
ing to  trace  the  process  of  their  accumulation  from  the  original  panel  loads;  our 
second  process  may  be  shortened,  thns : 

.    .         ,  ,     ,    ^    .    ^                          \4>  the  entire  wt  of  truss  and  load 
original  panel  load  at  abut  a  —  — * —  ,       - — ;—j—r- : , 

*  entire  number  of  points  of  support  ab  cd ef  etc  minus  1 

Then,  calling  this  original  panel  load  at  a  "  a  ",  the  final  panel  loads  are  as  follows : 
at  fc  ==  2  a ;  at  c  =  3  a ;  at  d  •=  4  a ;  and  so  on  with  any  number  of  points  of  support 
along  a  rafter,  except  at  the  apex  e,  where,  the  final  load  is  twice  the  final  load  at 
the  nearest  panel  point  (d  in  our  Fig)  or  — =  %  the  wt  of  the  entire  truss  and  its  load. 
The  final  load  at  a  —  half  the  weight  of  entire  truss  aud  load. 
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at  a  and  «  respectively.  Now  it  is  plain  that  the  same  process,  on  the  other  half  of 
the  truss,  brings  another  6  tons  to  e.  Write  this  at  e  also.  Thus  we  get  for  the  final 
load  at  e,  4  -f  6  -f-  6  =  16  tons,  or  %  the  wt  of  the  entire  truss  and  its  load. 

The  16  tons  thus  concentrated  at  e  divide  there,  half  going  down  each  rafter  to  an 
abut.  Draw  er  vert,  and  =  these  16  tons.  Draw  rh  parallel  to  ae,  and  hs  hor. 
Then  «*  and  «  r  are  the  2  halves  (8  tons  each)  of  ei,  passing  from  e  to  the  abuts  via 
the  rafters.    Therefore  write  8  at  a. 

It  is  by  mere  accident  that  the  two  vertical  lines  b  I  and  «  r,  representing  the  loads 
at  6  and  «,  happen  just  to  extend  to  the  tie  a  i  in  our  Fig. 

We  thus  find,  for  Pig  14, 


Strains  along:  the  verticals. 

Along  b  I = nothing,  except  weight  of  tie- bar 
from  y  to  y. 


"    c*,  =  6  «  =  2tons. 


Strains  alonf  the  obliques* 

Along  6  ft  =  6  '*  =  447  tons. 

"    c>=c  *  =  5.es. 

"     di  =  <f  A  =  7.2l. 


ef=2<f  «  =  2  X  6=12;  for  while  each  other  vertical  tie  bears  only  the  vert  strain  brought apon it by 
the  oblique  strut  next  nearer  the  abut;  the  center  tie  e  i,of  coarse  bears  those  from  2  obliques: 
one  on  each  side  of  it. 


Strains  along*  the  horizontal  tie-bar  a  i. 

"%  wt  of  truss  and  load  X  %  span 
height  of  truss. 


At  t  =  *  A  =  16  tons ;  also  = 


From  j  tot  =  *A-MA=16  +  4  =  20. 

"    *toj  =  *A +  /£+"£=  16 +  4 +  4  =  24. 

r  r       rrrr    rrr  rrr 
"    atofc  =  *A  +  *A+*    A  -f-  *     A  =  16+4  +  4  +  4  =  28. 

Strains  along  the  rafter  e  a. 

From  e  to  d  =  A  r  =  17.9  tons. 


a 


dtoc  =  Ar  +  Ar  =  17.9  +  4.47  =  22.4. 


rr 


14     ctob  =  kr  +  hr  +  h  r  =  17.9  +  4.47  +  4.47  =  26.8. 

«•    btoa  =  hr  +hr+'hr  =  hr  =  17.9  +  4.47  +  4.47  +  4.47  =  31.3. 

It  will  be  observed  that  the  ho/  components  h  s,  except  the  center  one,  have  equal 
lengths;  also  those  marked  A  r,  parallel  to  the  rafter;  while  the  oblique  ones  have 
not. 

For  a  span  of  lOO  feet,  rise  20  ft,  or  £  of  the  span;  trusses  10  feet  apart 
from  center  to  center ;  loaded  on  top  only ;  the  following  dimensions  will  be  amply 
sufficient  for  a  covering  of  slate.  Rafters  and  tie-beam,  each  10"  X  12"  deep.  The 
rafters  may,  if  preferred,  be  reduced  to  9  X  12  at  top.  The  verts  of  round  bar-iron 
of  good  quality,  %  inch,  %  inch,  1  inch,  and  1%  inches  diameter.  The  obliques  or 
braces,  5  X  10,  6  X  10,  8  X  10 ;  thus  making  the  truss-thickness  uniformly  10".  See 
Table  2,  p.  579.    For  shorter  spans,  see  NOTE,  p  573. 

Art*  14.  In  Fig  15,  the  process  is  the  same  as  in  Fig  14,  except  that  the  vert  lines 
representing  the  strains  at  the  points  of  support  a,  6,  c,  d\  /»,  are  to  be  drawn  upward 
from  I,  &,  j,  i ;  and  the  strains  I «"',  h  j",  ,;  *%  are  to  be  carried  forward  to  the  next 


Span  64  ft 
Rise  16  ft. 
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panel-load.  Fig  15  is  simply  Fig  14  inverted,  and  those  members  which  resisted 
pressure  in  Fig  14,  resist  pull  in  Fig  15,  and  vice  versa.  In  other  words,  the  struts 
become  ties,  and  the  ties,  struts.  All  the  strains  are  equal  to  those  in  Fig  14,  except 
those  on  the  verts,  each  of  which  is  4  tons  greater  than  the  corresponding  one  in  Fig 
14,  because  the  original  panel  loads  of  4  tons  each,  instead  of  being  applied  directly 
to  the  ends  of  the  obliques,  as  in  Fig  14,  have  first  to  pass  through  the  vert  struts 
b  I,  c  Ac,  dj,  e  i  ;  the  total  loads  on  which  will  be,  respectively,  4,  6,  8,  and  16  tons. 


Span  04  ft. 
Depth  e  t,  10  ft 


Art.  15.  In  Fig  16,  the  process  is  the  same  as  in  Fig  14,  except  that  the  lines  h  s, 
Ac,  must  be  drawn  and  measured  parallel  to  the  inclined  tie  a  i:  instead  of  being  hor. 
As  in  Fig  14  b  s"'  is  carried  forward  to  c;  c  s"  to  d ;  d  s'  to  e.  In  this  way,  we  find, 
an  before,  the  vert  strain  of  6  +  4  +  6  =  16  tons  at  e.  But  we  must  now  add  to 
these  16  tons  another  strain  rs  generated  by  the  obliquity  of  the  tie-rod  at. 
Let  e  =  the  load  already  accumulated  at  the  apex  e, 

=  half  the  weight  of  the  entire  truss  and  its  load  (—16  tons  in  this  case), 
h  =  the  height  n  i  to  which  the  tie-rod  is  raised  above  the  horizontal, 
d  =  the  depth  e  i  of  the  truss. 
Then  rs  =  e  X  h  -*-  d  (=  16  X  6  -h  10  =  9.6  tons  in  this  case). 

Write  down  the  amount  of  r  s  (9.6  tons)  at  the  apex  e,  making  the  total  load  at 
0  25.6  tons,  instead  of  the  16  tons  of  Fig  14.* 

Now,  make  e  r  by  scale,  =  25.6  tons ;  draw  r  h  parallel  to  the  rafter  «  a,  and  meet- 
ing the  other  rafter ;  also  draw  h  s,  parallel  to  the  raised  tie-bar  i  a.  Then  the  strains 
along  the  members  of  the  truss  will  be  as  follows,  taken  from  a  Fig  on  a  larger  scale. 

Strains  along*  the  verticals.        Strains  along  the  obliques. 

Along  the  one  at  ft  =  nothing,  except  weight  of 
tie- bar  for  the  width  of 
one  panel  (8  ft.) 
Along  co  =  b*'"  =  2  tons. 
dz-  c«"  =  4 


Along  6  o  =  6  V"  =6.43. 
"  ex-  eh"  =6.96. 
"      di  =  dk    =8.04. 


••      ei  =  '2dt'  +  9.6  =  21.6. 

Strains  along-  the  raised  tie-bar  a  i. 


At<  =  ha  =  26  tons. 


From 


*  to  i  =  As  +  h'  a'  =  26  +  6.5  =  82.5. 

•  to*  =  ha  +  *'«'  +  *"■"  =  M  +  «-5  +  6.5  =  89. 
a  too  =  ha  +  *'«'  +  »"«"  +  *"'•"'  =  26  +  6.5  + 


6.5  +  6.5  =  45.3. 


Strains  along-  the  rafter  e  a. 

From  dtoe~  hr  =  28.5  tons. 
"     e  to  d  = 
"     b  to  c 
"     a  to  6 


r=  h  r  =  28.5  tons. 
■  =  hr  +  Vr=  28.5  +  7.18  =  85.63. 
=  hr  +  *'»•+  »"r=  28.5  +  7.13  +  7.13  =  42  76. 
=  hr  +  h'r+  *"  r  +  *'"r=  28.5  + 7-HI +  *U3  +  T.13  =  49.t. 


•  It  is  probable  that  the  tie  rod  is  sometimes  raised  In  this  manner  by  persons  ignorant  of  the  fact 
that  they  thereby  greatly  inoreaae  the  strains  on  the  rafters,  &o. 

All  the  strains  in  Figs  14,  15.  and  16  may  also  be  found  by  pre- 

oisely  the  same  process  as  that  for  bowstring  and  oresoent  trusses,  in  Art  19. 

The  tension  in  the  tie-rod  which  brings  the  9.6  tons  additional  load  to  e,  oauses  at  the  same  time 
an  equal  upward  pull  at  a.  Hence  the  fin*!  pres  of  the  truss  upon  eaoh  abut  remains  8  tots 
( as  half  the  weight  of  truss  and  load)  as  In  Fig  14. 


Ren.    ITin  roa*on  fin-  measuring  only  parU  of  the  vert  linta  wMofc.  in  Fir?  14,  11, 
does  not  go  forward  to  the  next  point  of  Nippon,  but 


I*  In  design lnff  roof 


With  thf  nnif  lolnl  load  per  »q  ft  (Including  Ihenlol  Ike 
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(16  ft)  as  Figs  10, 11, 14, 16, 16;  and  to  have  the  same  number  (9)  ot  points  of  sap- 
port  for  the  weight  (32  tons,)  supposed  to  be  uniformly  distributed  along  its  top. 
Consequently  from  our  first  process  there  will,  as  before,  be  2  tons  of  panel- 
load  at  each  of  the  end  supports ;  and  4  tons  at  each  of  the  others.    Write  these 


% 

0 


10 


Scale  of  tons  for 


Rise  16  ft. 
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down  as  in  Fig  20.*  The  part  truss  ex  a  may  be  regarded  as  being  composed  of 
three  separate  trusses  exa,egcy  em  a;  as  will  appear  more  plainly  from  en  a,  tie, 
and  c  o  a,  in  Fig  21.  These  may  be  called  first  and  second  secondary  trusses.  In  Fig 
19,  the  half  eyp  exhibits  a  truss  on  the  same  principle,  but  having  a  greater  num- 
ber of  points  of  support  for  the  uniform  wt.  That  half  truss  consists  of  first,  second, 
and  third  secondaries,  as  shown  by  eyp,  egi,  and  esw.  However  far  this  subdi- 
vision may  be  carried,  if  the  struts  occur  at  equal  diets,  each  of  the  smallest  divisions, 
as  co  a,  Fig  21,  is  to  be  regarded  as  a  complete  truss  in  itself,  loaded  at  its  center 
only.    One-half,  therefore,  of  its  wt  must  rest  upon  each  of  its  supports  a  and  c. 

Thus,  with  our  second  process  at  one  of  the  shortest  struts,  as  b  m,  Fig  20, 
2  of  its  4  tons  go  to  cat  the  next  longer  strut,  ex;  and  2  of  them  to  the  end  a  of 
the  rafter,  as  written  on  the  Fig.  Then,  at  the  other  of  the  shortest  struts,  dp,  2 
tons  go  to  c;  and  2  to  the  end  e  of  the  rafter. 

We  will  suppose,  for  the  present,  that  the  end  e,  and  the  corresponding  end  of  the 
other  half  truss  e  k  I,  Fig  21,  rest  upon  an  abutment  at  e,  as  a  rests  upon  its  abut. 

We  thus  have  4  tons  at  b ;  4  at  d ;  and  8  at  c. 

In  like  manner  we  now  regard  the  first  secondary  truss  axe  (see  aney  Fig  21)  aa 
loaded  at  its  center,  c,  only,  with  8  tons  as  just  explained.  Of  these  8  tons,  4  are  of 
course  supported  by  the  abut  at  a,  and  4  by  the  similar  abut  supposed,  for  the  pres- 
ent, to  be  at « ;  both  of  these  4  tons  are  therefore  set  down  as  at  a  and  e.  When 
there  are  more  points  of  support,  as  along  the  rafter  ep,  Fig  19,  the  process  is  pre- 
cisely the  same:  we  first  adjust  the  strains  of  the  four  third  secondaries,  e s w,  tort. 
ivkyk  up ;  placing  them  at  «,to,t,  fc,  and  p ;  then  we  transfer  those  thus  accumulated 
at  w  and  k,  to  e,  t,  and  p ;  and  finally  transfer  them  from  i  to  e  and  j>,  at  the  ends  of 
the  rafter.  Now,  returning  to  Fig  20,  we  see  that  in  addition  to  the  original  panel- 
load-  of  4  tons  at  e,  we  have  accumulated  6  tons  of  vert  strain  from  the  other  panel- 
loads;  and  it  is  plain  that  the  same  process,  performed  along  the  other  half  truss 
eh  lt  Fig  21,  would  bring  2  +  4  =  6  tons  more  to  «,  as  written  in  Fig  20.  Thus  it 
appears  that  we  have  16  tons  in  all  ate;f  resting  upon  our  supposed  abut  there. 
But  as  this  abut  has  no  existence,  the  16  tons  really  come  upon  the  rafters  them- 
selves at  e,  and  of  course  half  of  this  wt  (or  8  tons)  is  transferred  by  a  rafter  to  each 
abut.  Wiite  down  the  8  tons  at  a  as  in  Fig  20.  We  thus  have  for  the  total  vert 
pressure  at  a,  2  +  2  +  JtohJ?  =  16  tons  =  half  the  total  wt  of  truss  and  load,  and 
this  is  a  further  proof  oTrir?  correctness  of  the  operation. 

Haviag  thus  finished  our  second  process  of  finding  the  additional  strains  at  the 
several  points  of  support  produced  by  the  original  panel-loads  on  their  way  to 
the  abutments,  wo  have  only  by  our  third  process^ to  complete  the  drawing, 
so  that  we  may  measure  by  scale  the  strains  along  all  the  members  of  the  truss.  To 
do  this,  from  the  tops  of  the  struts  draw  vert  lines  b  v,  c  v,  d  v  to  represent  the  total 
vert  strains  accumulated  at  those  respective  points ;  namely,  4  tons  at  o,  4  at  d,  8  at 
c.  Draw  vo,vo,vo  parallel  to  the  rafter  a  e.  Then  6  o,  co,do  will  give  the  strains 
along  the  struts ;  3.6  tons  on  b  m  or  d  g ;  and  7.2  tons  on  c  x ;  and  vo,va,vo  will 
give  those  produced  directly  by  the  final  panel-loads  from  their  points  of  support, 
upon  the  lower  halves  of  the  rafters  of  their  respective  secondary  trusses.  Thus  the 
4  tons  at  d  exert  a  pres  there  of  1.77  tons  (as  shown  by  the  upper  v  o)  upon  the  lower 
half  de  of  ec.  The  4  tons  at  b  exert  an  equal  pres  upon  6  a,  and  the  8  tons  at  c 
strain  c  a  3.54  tons.  These  strains  v  o  of  course  become  proportionally  greater,  and 
botco,do  proportionally  less,  as  the  rise  of  the  truss  increases  in  proportion  to  the 
span.    They  will  be  referred  to  further  on. 

Lay  off  m  *',  x  t,  g  %  respectively  equal  tobo,co,do;  draw  ijt  ij,  ij ;  and  t  y,  t  y, 
t  y,  parallel  to  the  ties;  thus  completing  the  parallelograms  of  forces  ijmy,  ijzy, 
*J9  V-  Draw  the  diags  yj,  yj,  yj;  and  the  vert  lines  m  w,  *  u,  g  u.  Lay  oft"  the 
vert  dist  ef  equal  to  the  total  vert  strain  (16  tons)  at  e\  make  es  =  to  half  of  ef\ 
draw  z  h  hor ;  and  h  f. 

Now  m  y  and  mi  give  the  strains  (4  tons  each)  along  the  ties  ma,mc,  caused  by 
the  4  tons  at  b;  which  strains  extend  from  m  to  a  and  c$    In  like  manner  g  y  and 

•  When  merely  wishing  to  ascertain  the  strains  along  the  members  o/  such  a  truss,  without  caring 
to  trace  their  progress,  we  may  omit  part  of  the  following ;  and,  after  having  made  a  correct  diagram 
of  the  trass,  we  may  at  once  write  down  the  vert  strains  at  the  points  of  support,  thus:  At  e  (the 
apex  or  peak  of  the  trass;  write  one-half  of  the  entire  wt  of  a  trass  and  its  load,  (for  which,  per  $q  ft, 
■ee  Table  4,  p  681)  at  the  foot  a  of  the  rafter,  one  half;  at  the  center  strut  c  one  fourth ;  at  b  and  d, 
one  eighth  at  each;  and  when  there  are  four  intermediate  subdivisions  of  the  same  kind,  as  alone; 
the  rafter  ep,  Pig  19,  one  sixteenth  of  said  entire  weight  at  each  of  such  additional  points,  &c.  Thus 
the  total  load  at  any  longer  strut  will  be  twice  as  great  as  that  at  any  next  shorter  one.  Then  begin 
at  "  Having  thus  finished  our  second  process," 

t  This  is  precisely  half  the  wt  (32  tons)  of  the  entire  trnss  and  its  load ;  and  aa.this  will  always  be 
ibe  case  in  trusses  on  this  principle,  it  proves  our  work  to  be  correct  thus  far. 

}  When  the  main  tie  at  is  hor,  as  in  Fig  20,  these  strains  along  the  ties  will  be  equal  to  those  at 
the  points  of  support,  only  where  the  height  of  the  truss  is  equal  to  %  of  its  span ;  as  in  the  case 
before  us.  When  the  height  is  less  than  &,  the  strains  on  the  ties  will  be  greater  than  those  at  the 
points  of  support ;  and  vfee  versa. 
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9J  give  the  strains  (4  tons  each)  extending  from  gtoc  and  e.  In  Fig  21,  the  ithort 
ties,  o  ayo  c,  t  c,  i  e,  show  this  more  distinctly.* 

Next  x y  and  xj,  Fig  20,  give  the  strains  (8  tons  each)  produced  along  x  a  and  x  e 
by  the  8  tons  at  c.  This  also  is  shown  more  plainly  in  Fig  21,  by  the  ties  *  a  and 
it  e.  The  hor  line  h  z  gives  the  strain  (16  tons)  produced  along  the  entire  hor  tie 
a  I,  Fig  21,  by  the  16  tons  at  e.    Fig  20  may  be  considered  one-half  of  Fig  21. 

We  have  for  the  total  strains  on  the  ties  as  follows : 

Along  e  m  and  c  g,  strain  =  t*j  or  gy  =  4  tons. 

Along  x  e,  from  x  to  g,  strain  =  xj  =  &  tons. 

Along  2  c,  from  jr  to  e,  strain  =  xjf  +  gj  ~  8  +  4  =  12  tons. 

Along  t  a,  from  t  to  x,  strain  =  ft  *  =  16  tons. 

Along  t  a,  from  ztom,  strain  =  A*4-xy  =  16-f-8=24  tons. 

Along  t  a,  from  mtoa,  strain  =  hz  +  xy-\-my  =  16 +  8  +  4—18  tons. 

The  line/ A  or  e  fc,  Figs  20  and  21,  gives  the  longitudinal  pres  (17.9  tons)  brought 
upon  each  rafter  by  the  16  tons  vert  load  which  our  second  process  brought  to  e. 
Thit  pres  strains  the  entire  rafter  uniformly  from  end  to  end  ;  but  the  several  por- 
tions of  the  rafter  sustain,  in  addition,  pressures  arising  more  directly  from  the 
panel  loads.  For  instance,  the  4  ton  load  at  d,  produces  at  rf,  as  already  explained, 
a  pres  v  o  =  1.77  tons  along  d  c,  and  one,  d  o  =  3.6  tons,  along  the  strut  d  g\  and 
this  last  exerts  pulls,  y  g  and  gj,  =  4  tons  each,  along  g  c  and  g  e.  Now  if  on  gj  we 
draw  the  parallelogram  gnj  u,  making  j  n  and  u  g  vert,  and  uj  and  g  it  parallel  to 
the  rafter,  then,;  nor  ug  will  give  the  vert  load  of  2  tons  which  travels  to  e  from 
the  4  tons  at  d;  while.;  u  or  g  n  will  give  the  strain,  =  2.7  tons,  exerted  along  the 
second  secondary  rafter  e  c  by  the  tie  g  e.  Similarly  the  parallelogram  yutog  gives 
the  vert  load  yworug,  =  2  tons,  which  travels  from  d  to  c,  and  the  strain  y  u  or 
to  g,  =  4A7  tons,  exerted  upon  c  *•  at  c  by  the  tie  c  g.  The  4  tons  at  d  therefore  pro- 
duce a  strain  yu  =  4.47  tons  along  cd,  and  one,  uj  =  2.7  tons  along  de;  because « j 
=  2.7  tons  exerted  at  e,  and  v  o  =  1.77  tons  exerted  at  d  (=  4.47  tons  in  all)  both  press 
the  lower  part  d  c,  and  strain  it  against  the  equal  pres  of  y  it  at  e  ;  whereas  this  upward 
pres,  =  4.47  tons,  of  y  «,  is  diminished  at  d  by  the  downward  pres,  1.77  tons,  of  v  o% 
leaving  an  upward  pres  of  2.7  tons  to  strain  d  e  against  the  equal  downward  pres  it  j 
at  e.  In  the  same  way  y  u  and  uj  of  the  lower  parallelogram  show  the  strains  (4.47 
and  2.7  tons)  brought  upon  a  b  and  b  c  respectively  by  th&4  tons  load  at  b;  and  y  a, 
uj,  of  the  middle  parallelogram  give  the  correspondiflflPrains  (8.94  and  5.4  tons) 
brought  upon  a  c  and  c  e  respectively,  by  the  8  tons  at  cr 

The  total  strain  upon  any  portion  of  the  rafter  Is  found  by  adding  together  the 
uniform  strain  e  h  or/ A,  common  to  all  parts,  and  the  strains  peculiar  to  such  por- 
tion, as  shown  by  the  lines  y  u  and  uj.  Taking  the  part  c  d  for  instance;  as  the 
lower  half  of  c  e  it  sustains  y  u  of  the  upper  parallelogram,  =  4.47  tons;  as  part  of 
the  upper  half  of  a  e  it  sustains  uj  of  the  middle  parallelogram,  =  5.4  tons ;  and  as 
part  of  the  entire  rafter  it  sustaius  e  h  =  17.9  tons;  or,  in  all,  4.47  +  5.4  -f-  17.9  = 
27.77  tons. 

Thus  we  have,  for  the  total  strains  along  a  rafter, 

From  e  to  d,  strain  —  uj  of  upper  parallelogram  -f-  uj  of  middle  parallelogram  +  e  h  =  2.7  +  5.4 

■f  17.9  =  26  tons. 
From  d  to  c,  strain  =  upper  y  u  +  middle  uj  +  eh  —  4.47  4-   5.4  -I- 17.9  =  37.77  tons. 

"     c  to  5,  strain  =  lower  uj  +  middle  yu  +  eh  =   2.7  4-  8.94  4-  17.9  =  29.54  ton*. 

"     b  to  e,  strain  =  lower  y  u  +  middle  yu  +  eh  =  4.47  +  8.94  +  17.9  =  31.31  ton*. 

The  center  vert  e  t  may  be  omitted  in  short  spans  where  the  tie  bar  it  hor%  as 
a  I  Fig  21 ;  since  it  theu  sustains  nothing  but  the  wt  of  the  half  (y  y)  of  the  central 
ttpread  &  &  of  the  hor  tie  a  I. 

Art  16  A.  If  the  main  or  primary  tie  is  raised  at  its  center, 

ns  p  n,  Fig  19,  proceed  as  at  Fig  16,  p  572,  and,  after  having  found  the  vert  strains 
at  all  the  points  of  support,  as  before,  add  to  that  (16  tons)  at  e,  an  amount 


Said    v  the  vert  tat  t  n,  Fig  19,  to  wbicb  the 
6  tens  A  tie  p  n  la  raised  above  the  horp  t. 


16 

the  remaining  tat,  n  e,  of  the  truss.  •    * 

This  additional  amount  is  the  strain  on  the  e'en  vert  rod  e  n,  which  is  indispensa- 
ble in  such  cases.  Then,  as  in  Art  15,  p  572,  lay  off  the  vert  ef,  Fig  20,  equal  to  the 
total  vert  strain  at  e,  thus  found  ;  and  after  drawing  fh  parallel  to  the  rafter,  draw 


*  In  practice,  the  ties  ao,  an,  &c,  Fig  21,  of  the  secondaries,  are  not  always  made  distinct 
that  (a  I)  of  the  primary  truss  a  el;  but  they  are  so  represented  in  Fig  21,  merely  to  show  mora 
plainly  that  the  central  portion  x  x  of  the  primary  tie  a  t  needs  only  snoh  dimensions  as  will  enable 
it  to  sustain  the  thrust,  produced  by  the  16  ton  strain  at  e:  whereas,  along  Its  portions  x  m,  x  as  it 
must  be  stoat  enough  to  bear,  in  addition,  the  pull  along  the  first  secondary  ties,  na,kt;  while  at 
its  ends  ma,  ml  it  must  resist  not  only  the  two  preceding  forces,  bat  also  those  along  the  seeoad 
secondary  ties  oa,ol.  Likewise  it  is  plain  that  ihe  portion  g  e  of  the  first  secondary  tie  n  «,  mast 
be  stouter  than  the  portion  n  g ;  because  g  e  has  to  bear  also  the  pull  along  the  seoona  aeonudmry  tie 
i  t.    In  Fig  20,  those  portions  of  the  ties  whioh  are  most  strained  are  shown  by  stouter  line*. 
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I  z  parallel  to  the  inclined  tie,  instead  of  hor.  fh  gives  the  pres  throughout  the 
rafter,  due  to  the  total  vert  load  at  e;  and  h  z  gives  the  pull  throughout  the  raised 
tie-rod,  due  to  the  same  load.  Both//*  and  h  z  are  of  course  greater  than  the  cor- 
responding strums  e  h,  h  z>  Fig  20.  Like  them,  they  are  to  be  used  in  finding  the 
total  strains  in  the  several  parts  of  the  rafter  and  tie-rod. 

If  wo  omit  the  third  secondary  trusses  esw,  Ac,  Fig  19,  the  strains  on  the  strut*, 
w  gsiy,k  tit,  will  be  the  same  as  those  on  the  correspond! ug  struts,  dg,cx,bm, Fig 
20;  but  the  strains  on  the  rafter,  corresponding  to  y  u,  uj,  Fig  20,  and  those  on  all 
the  ties,  corresponding  to  my,  mj,  Ac,  Fig  20,  although  found,  by  the  same  process 
as  in  Fig  20,  will  be  greater  than  in  that  case;  in  addition  to  which  the  uniform 
strains,//!,  hz,  exerted  throughout  the  entire  rafter  and  tie-rod  respectively  by  the 
final  vert  load  at  e,  will  also  be  greater,  as  explained  above. 

Art  16  B.  If  the  main  tie  is  raised  only  part  way, asp  y,  Fig  19, 
and  then  continued  hor,  as  y  o ;  draw  it  as  if  it  extended  to  n,  as  in  Art  1(5  A,  and 
use  the  same  hts  t  n,  n  e,  for  finding  the  additional  vert  pres  at  e.  Find  fh  and  h  z 
as  in  Art  16  A.  On  p  n  lay  off  by  scale  the  pull  h  z  on  p  y  found  as  above ;  and  on 
this  as  a diag  draw  a  parallelogram  with  sides  parallel  respectively  toy  e and  y  o. 
The  latter  (hor)  give  the  total  strain  on  y  o,and  the  former  give  an  additional  stiain 
on  y  e,  to  be  added  to  those  found  for  each  part  of  that  member  as  directed  in  Art  16  A. 

In  this  case,  as  in  Fig  20,  the  cen  vert  «  o  sustains  only  the  wt  of  half  the  ho* 
stretch  of  the  tie  bar,  and  may  be  omitted  in  short  spans. 

Bbm.  1.  It  ia  not  necessary  actually  to  draw  all  three  of  the  parallelograms,  as  in  Fig  20.  The  large 
or  center  one  alone  will  suffice ;  for  we  need  only  div  the  several  strains  measured  along  the  strut  en. 
Fig  21 ;  and  along  the  ties  na,ne,  by  2,  to  get  those  along  the  struts  4  o  and  4  i ;  and  along  the  ties 
ao,  co,  ci,  ei.  And  these,  in  turn,  div  by  2,  will  give  those  along  the  smaller  subdivisions  show-.; 
between  e  and  p,  Fig  19,  if  there  are  sush ;  and  so  on  with  any  number  of  still  smaller  ones. 
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Art.  16€.  Remarks  on  kin*  and  qneen ;  and  on  Pink  trusses, 
for  roofs.  The  following  comparison  is  founded  upon  total  spans,  or  lengths 
of  truss,  of  154  ft.  Rise  30.8  ft ;  or  £  of  the  total  span.  Trusses  7  ft  apart  from  cen- 
ter to  center.  Each  rafter  83  ft  long.  Total  load,  including  the  truss  itself,  40 
lbs  per  sq  ft  of  roof;  or  20.8  tons  to  each  truss.  There  are  seventeen  points  of  sup- 
port in  each  truss ;  consequently  a  full  panel-load  (Art  11)  is  -^  =  1.3  tons.  Trusses 

as  shown,  half  of  eacji,  in  Figs  47A  and  48,  p  606.  The  strain  in  tons  (calculated 
as  if  all  the  weight  of  truss  and  load  were  on  the  rafters)  is  marked  on  eacli 
member.  The  assumed  coefficient  of  safety  for  ties  is  3.  Iron  is  supposed  to  be  used 
that  will  not  break  with  a  less  pull  than  20  tons  per  sq  inch ;  the  assumed  safe  allow- 

20 
able  pull  being  therefore  here  taken  at  -g  =  6%  tons  per  sq  inch.  The  safe  pressure 

along  the  rafters  is  taken  at  3%  tons  per  sq  inch.  The  struts  are  assumed  to  be  wrought 
cylindrical  tubes,  with  an  outer  diam  equal  to  fa  of  their  length ;  and  of  such 
thickness  as  will  give  them  a  metal  area  of  I  sq  inch  for  each  2  tons  of  strain.  The 
rafters  are  in  the  present  case  supposed  to  be  9-inch  rolled  Phoenix  beams ;  7%  sq  iut* 
transverse  area;  weighing  25  lbs  per  foot  run.  The  ends  of  all  ties  are  supposed 
to  be  enlarged,  or  upset ;  so  that  the  cutting  of  the  screw-threads  shall  not  diminish 
their  effective  area.  The  purlins  are  supposed  to  be  at  or  near  the  "poiuts  of  sup- 
port," so  as  to  produce  no  cross-strains  on  the  rafters. 

Table  1.  Weight  of  the  Fink  truss,  of  which  Fig  47A  shows 

one-half. 

Length  154  ft.    Rise  i  length.    Trusses  7  ft  apart.    Load  40  lbs  per  sq  ft  of  roof;  inotuding  true*. 

(Original.) 


Name  of  part. 


Rafter. 


Main  tie. 


Secondary  ties. 


Struts <w 


Center  vertical  y saj 

Joint  and  splicing- pieces,  nuts,  Ac,  Ac...  say 
Shoes  at  ends  of  rafters,  say 

Wt  of  purlins  not  included.  Total  wtof  truss 


Number 

Area  of 

Lbs.  per 

of 

each  part. 

foot  run 

of 
each  part. 

parts. 

sq  ins. 

2 

7.50 

25. 

2 

1.95 

6.5 

2 

2.9S 

9.77 

2 

3.41 

11.37 

2 

3.66 

12.22 

4 

0.50 

1.67 

4 

0.73 

2.44 

2 

0.98 

3.27 

2 

1.47 

4.89 

2 

1.71 

5.70 

8 

0.25 

0.83 

2 

2.40 

8.0 

4 

1.20 

4.0 

8 

0.60 

2.0 

1 

Total 

weight  of 

all  the 

parts. 

Lbs. 


4150 

430 
450 
272 
294 

78 
118 
150 
118 
136 

76J 

272 
136 

68 

40 
400 
400 


} 


\ 


=7588 


Lbs. 


4150 
1446 

676 

476 

40 
400 
400 


7588 
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With  the  same  total  load  per  sq  fi,  including  the  trusses,  (with  trusses  7  ft  apart; 
rise  J  span)  the  area  of  each  part,  its  wt  per  ft  run,  and  the  strain  upon  it,  are 
as  the  spans;  but  the  total  wts  of  the  trusses  alone  are  as  the  squares  of  the  spans, 
Hence,  it  is  easy  to  deduce  from  the  table  the  areas  reqd  for  smaller  spans.  The 
rafters  for  small  spans  are  frequently  made  of  round  iron  rods  from  v2  to  1%  ins 
diani ;  or  of  ordinary  flat  bars.  Tubes  with  the  same  area  of  metal,  would  be  better. 
For  trusses  also  of  different  spans,  and  rise  of  \  the  span,  7  ft  apart,  in  which  the 
rafters  and  struts  are  of  wood,  with  ties  of  iron,  the  strains  may  be  deduced  quite 
closely  from  those  in  Figs47Aand48.  They  will,  however,  be  somewhat  greater, 
because  wooden  struts,  not  being  hollow  like  our  assumed  iron  ones,  must  be  heavier 
than  the  latter  to  prevent  bending.  The  weight  of  the  load,  however,  is  generally  so 
much  greater  than  that  of  the  truss,  that  this  consideration  of  the  strut  is  not  very 
material ;  so  that  a  roof  partly  of  wood  may  be  assumed  In  practice  to  weigh,  together 
with  its  load,  but  little  more  than  an  iron  one ;  and  the  strains  on  the  several  parts 
will  be  nearly  the  same  in  both  cases. 

Table  2.    Weight  of  the  king  and  queen  trues,  of  which 
Fig  48  shows  one-half. 

,  Length  154  ft.    Bise  £  length.    Trusses  7  ft  apart.    Load  40  lbs  per  sq  ft  of  roof;  including  truss. 

:  (Original.) 

*  ■ 


Name  of  part. 


Rafter. 


Main  tie. 


H 
O 
P 
E 
D 
C 
B 
U 

k 

<l 
m 
n 
o 

Center  vertical.... p 


Verticals 


Struts. 


«   

r    

8  

t  

U  

V  

l« 

Joint  and  8plioing>pleoes,  nuts,  Ac,  ko  ..  say 
Shoes  at  euds  of  rafters say 

Total  weight  of  truss  = 
Wt  of  purlins  not  included. 


Number 

of 

parts. 


2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 


2 
2 
2 
2 
2 
2 
2 


Area  of 

each  part. 

sq.  Ins. 


7.5 

2.2 

2.44 

2.68 

2.92 

S.16 

3.41 

3.65 

3.65 

.0 
.1 
.2 
.3 
.4 
.5 
.6 

1.4 

.88 
1.05 
1.28 
1.55 
1.82 
2.12 
2.40 


Lbs.  per 

foot  run 

of 

each  part. 


Total 

weight  of 

all  the 

parts. 

Lbs. 


25 

7.33 

8.14 

8.94 

9.74 

10.54 

11.34 

12.14 

12.14 

.0 
.33 
.67 
1.00 
1.33 
1.67 
2.00 

4.67 

2.92 
3.50 
4.25 
5.17 
6.08 
7.08 
8.00 


4150 

146  70 
162.80 
178.80 
194.80 
210.80 
226.80 
242.80 
242.80  J 

.0 
5.34 
16.00 
32.00 
53.33 
80.00 
112.00J 

150.00 

64.20- 
91.00 
136.00 
196.37 
267.63 
368.30 
464.00, 

400.00 
400.00 


4150  00 


1606.30 


8592.46 


298  66 


150.00 


1587.50 


400.00 
400.00 


8592.46 


Hence,  the  wt  of  the  king  and  qneen  truss  in  this  instance  is  equal  to 


8592.46 

7588 
=  1.132  times  (say  l\  times)  that  of  the  equally  strong  Fink ;  or  the  Fink  is  about 

%  part  lighter  than  the  K  and  0,  Theoretically  the  diff  would  be  less,  because  the  rafters 
of  the  K  and  Q  truss  being  so  much  less  strained  at  top  than  at  foot,  may  be  diminished 
toward  their  upper  ends,  instead  of  being  proportioned  throughout  with  reference  to 
the  max  strain  at  their  feet.  If  the  theoretical  diminution  toward  the  tops  of  the 
rafters,  were  made  in  both  cases,  the  wts  of  the  two  forms  of  truss  would  be  nearly 
equal.  But  in  practice,  on  the  score  of  inconvenience,  this  is  rarely  done  in  roofs 
of  moderate  span ;  say  less  than  about  100  ft.  No  such  diminution,  or  but  very  slieht 
would  be  admissible  even  theoretically,  when  the  purlins  are  not  placed  at  the  points 
of  support  only.  With  same  total  load  per  sq  ft,  including 
trusses  themselves  at  same  dist  apart,  the  total  wts  of  trusses 
are  as  the  squares  of  their  spans ;  but  their  wts  per  ft  of  span, 
as  well  as  the  cross  areas,  wts  per  ft  run,  and  strains  along 
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Individ nal  membeni,  are dlreetly  as the spans. 

When  the  dist  apart  of  the  trusses  is  7  ft  from  center  to  center ;  the 
rise  £  of  the  span ;  assumed  load,  including  the  wt  of  the  trusses  themselves,  40 
fcs  per  sq  ft  of  roof  covering ;  and  the  various  parts  proportioned  for  the  several 
strains  per  sq  inch  assumed  in  Tables  1  and  2 ;  the  weight  of  a  properly  con- 
structed Fink  truss  will  be  approximately  as  follows : 

Total  wt  In  lbs  of  _  mare  of  span  in  ft 
a  Fink  roof-truss  ~ 


8.1  j 


and  the  wt  in  lbs  per  ft  of  span  = 


span  in  feet 
3l 


A  total  K  and  Q  truss,  will  be  about  \  part  more ;  or  *9^reof^aninft. 

span  in  feet 


Or  per  foot  of  span, 


2.7. 


237 16  2371 A 

These  rules  give  -^-p  =  7660  lbs,  for  the  foregoing  Fink ;  and  -^-  =  8784  flu, 
o.l  2.7 

for  the  K  and  Q  truss.    From  these  rules  we  have  drawn  up  the  following 

Table  3.  Approximate  weights  of  roof-trusses  of  the  Fink 

system.    (Original.) 

Rise  ■!•  span.    Trasses  7  ft  apart.    Load  40  lbs  per  sq  ft  of  roof,  including  trass. 


Wt  per  sq  ft 

Wt  per  sq  ft 

Total 

Total  wt  of 

Wt  per  ft. 
of  Span. 

of  ground 

Total 

Total  wt  of 

Wtperft. 
of  Span. 

of  ground 

Span. 

a  Trass. 

covered. 

Span. 

a  Trass. 

covered. 

Feet. 

Lbs. 

Lbs. 

Lbs. 

Feet. 

Lbs. 

Lbs. 

Lbs. 

20 

129 

6.46 

.92 

100 

8228 

3*2.3 

4.60 

25 

202 

808 

1.15 

105 

8557 

83.9 

4.83 

SO 

290 

9.67 

1.38 

110 

8904 

85.5 

5.06 

35 

398 

11.3 

1.61 

115 

4267 

37.1 

5.29 

40 

516 

12.9 

1.84 

120 

4640 

88.7 

5  52 

45 

654 

14.5 

2.07 

125 

5041 

40.4 

5.75 

50 

807 

16.1 

2.30 

130 

5452 

42.0 

5.98 

55 

976 

17.8 

2.33 

135 

5860 

43.6 

6.21 

60 

1160 

19.4 

2.76 

140 

6336 

45.2 

6.44 

65 

1363 

210 

299 

145 

6782 

46.8 

6.67 

70 

1584 

22.6 

3.22 

150 

7260 

48.4 

6.90 

75 

1815 

24.2 

8.45 

155 

7750 

50.0 

7.18 

80 

2064 

25.8 

3.68 

160 

8256 

51.6 

7.36 

85 

2331 

27.5 

3.91 

165 

8782 

53.8 

7.59 

00 

2616 

29.1 

4.14 

170 

9324 

54.9 

7.8S 

95 

2912 

90.7 

4.37 

175 

9879 

56.5 

8.06 

For  king  and  queen  trusses  add  ^  part  to  the  tabular  wts ;  when  the  rafters  are 
as  usual  of  the  same  size  throughout. 

The  wts  In  the  4th  column  will  remain  nearly  the  same,  whatever  may 
be  the  dist  apart.  For  if  this  be  increased  say  to  14  ft,  each  truss  will  sustain  twice 
as  many  sq  ft  of  roof;  and  must  itself  be  at  least  twice  as  strong  and  heavy,  in  order 
to  do  so.  We  say  "  at  least"  because  if  the  dist  apart  is  increased,  the  wt  of  the  pur- 
lins will  generally  increase  more  rapidly  than  said  dist.  Thus,  if  the  dist  be  doubled, 
the  purlins  will  not  only  be  doubled  in  length,  which  alone  would  double  their  wf; 
but  they  must  also  be  deeper.  In  practice,  however,  long  purlins  are  usually  pre- 
vented from  becoming  very  heavy,  by  trussing  them,  as  at  7,  Figs  21}£, 

The  eost,  at  shop,  of  trusses  alone  for  iron  roofs  and  bridges,  gener- 
ally varies  between  2  and  2%  times  the  cost  of  ordinary  "  refined  "  bar  iron.  The 
putting  up  alone  from  K  *°  }<$  the  cost  of  the  iron.  With  roof  trusses  7  ft  apart,  iron 
purlins  will  weigh  about  2  ros  per  sq  ft  of  ground  covered  by  the  roof.  Therefore  to 
any  wt  in  the  4th  col  add  2  lbs.  Add  for  covering  with  tin,  slate,  or  corrugated  iron. 
See  pp  404,  418,  429. 

Rem.  1.    As  to  the  proper  total  weight,  or  load,  per  sq  ft 

of  roof,  {including  mow  and  wind,)  that  thould  be  assumed  to  be  sustained  by  the  misseti,  engineers 
differ  considerably.  The  French  appear  to  consider  30  lbs  as  sufficient;  while  the  Kngliah  use  40. 
Since  roofs  are  not  subject  to  violent  vibrations  like  bridge*,  they  do  not  require  so  high  a  coefficient 
of  safety;  ttiis  should  Dot,  however,  in  our  opinion,  be  taken  at  less  than  8:  aud  this  we  consider 
sufficient.  The  load  is  evidently  influenced  by  the  character  of  the  roof-eoverlng.  Within  ordiuarr 
limits,  for  spaus  not  exceeding  about  76  ft,  and  with  trusses  7  ft  apart,  the  total  load  par  so,  ft,  inelud* 
ing  the  truss  itself,  purlins,  4o,  complete,  may  be  safely  taken  as  follows : 
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Table  4. 


Span  75  ft  or  less. 


It 

<« 

it 

M 

<f 

t< 

•  1 

<i 

It 

«< 

II 

»« 

Wind 

and  Snow.* 

Total. 

8  lbs. 

20  lbs. 

28  lbs. 

18  " 

20  "      • 

88  " 

11  " 

20  " 

81  " 

21  " 

20  " 

41  «• 

13  " 

20  " 

S3  " 

16  '• 

20  " 

85  " 

26  " 

20  " 

46  " 

10  " 

20  «• 

SO  " 

20  " 

20  " 

40  " 

Boot  covered  with  corrugated  iron,  anboarded,t 
If  plastered  below  the  rafters, 
"         **  "     corrugated  iron,  on  boards, 

If  plastered  below  the  rafters, 
slate,  unboarded,  or  on  laths, 
"     on  boards,  \\i  ins  thick, 
"     If  plastered  below  the  rafter*, 
shingles  on  laths. 

If  plastered  below  rafters  or  below  tie  beam. 
For  spans  from  75  to  150  ft,  H  will  suffice  to  add  4  lbs  to  each  of  these  totals.      *" 

Example  of  use  of  foregoing  tables.  A  Fink  roof  60  feet  span ;  rise  \  \ 
trusses  14  ft  apart ;  and  to  be  covered  with  slate,  on  boards  V£  inch  thick.  Here  we 
see  at  once  from  Table  3  that  at  7  ft  apart,  its  wt  would  be  about  1160  lbs ;  therefore, 
at  14  ft  apart,  it-  would  be  2320  B>s.  But  our  table  is  for  40  lbs  per  sq  ft  of  roof:  while, 
for  slate  on  boards,  36  lbs,  or  %  part  less,  is  sufficient.  Therefore,  we  may  reduce  the 
weight  of  the  truss  %  part,  making  it  only  2030  lbs. 

Ex.  2.  Roof  as  betore,  60  span :  trusses  only  1ft  apart.   Turn  to  Table  1,  where  the 

€0 
areas  are  given  for  a  total  length  or  span  of  154  ft.    But  60  ft  is  the  ,—  =  say  the 

154 

.4  part  of  154  ft ;  therefore,  the  areas,  and  the  wts  per  foot  run  of  each  member  of 

the  60  ft  span,  will  be  .4  of  those  of  the  154  ft  one.    Thus,  the  area  of  a  rafter  will 

be  7.5  X  .4  =  3.  sq  ins ;  wliich  corresponds  with  a  rolled  T  iron  of  3  X  3%  ins,  and 

J4  inch  average  thickness.    Its  wt  per  foot  run  will  be  25  X  -4  =  10  lbs.    The  area 

of  the  part  n  of  the  main  tie  will  be  1.95  X  .4  =  .78  sq  inch,  which  we  see  at  once 

from  a  table  of  circular  areas,  is  equal  to  a  round  rod  very  nearly  1  inch  diam.    Its 

wt  per  ft  run  =  6.5  X  .4  =  2.6  lbs ;  and  so  with  all  the  other  members.    But  the  total 

wts  will  be  as  the  squares  of  the  span.    The  square  of  154  is  23716 ;  and  that  of  60  is 

8600.   And  rx^rs  =  -1&2;  therefore,  the  total  wis  will  be  .152  of  those  in  Table  1. 
23716 

Thus,  the  two  rafters  will  weigh  4150  X  .152  =  631  Btt-    The  main  tie,  1446  X  JM -» 

220  lbs,  Ac.    Lastly,  if  for  35  lbs  per  sq  ft,  reduce  each  area  and  wt "%  part. 

Since  the  rafters  are  generally  made  of  T  or  I  iron,  a  pattern  precisely  adapted  to  the  calculated 
stratus,  will  not  always  be  procurable ;  and  In  that  case  we  may  either  take  the  nearest  one  In  excess ; 
or  change  the  dist  apart  of  the  truss  to  suit  the  pattern  on  hand.  Owing  to  the  variety  of  modes  of 
arranging  the  details  of  the  junctions,  Ac,  an  exact  coincidence  between  the  calculated  and  the  actual 
wis.  Is  not  to  be  expected ;  but  we  suspect  that  in  properly  proportioned  roofs,  the  discrepancy  will 
rarely  be  found  to  vary  more  than  about  5  per  ct  from  the  results  of  our  roles. 

It  might  be  supposed  that  with  iron  of  a  tensile  quality  considerably  higher  than 
our  assumption  of  20  tons  per  sq  inch ;  as  say  of  25  to  30  tons,  the  truss  might  be 
made  much  lighter.  But  this  is  not  the  case ;  because  the  superiority  would  affect 
the  ties  only ;  inasmuch  as  the  compressive  strength  of  iron  does  not  increase  with 
its  tensile  strength ;  but  to  a  certain  extent  rather  the  reverse.    Now,  by  Table  1,  it 

appears  that  the  ties  in  a  Fink  roof-truss,  constitute  less  than  y%  of  its  entire  wt. 
Therefore,  iron  of  even  30  tons,  would  reduce  the  weight  of  the  truss  less  than  % 
part  of  r%  part;  or  ■**&;  and  25  ton  iron,  about  ^  part. 

Short  spans  need  not  have  as  many  subdivisions,  or  "points  of  support.'*  as  a  large  one ;  and  this 
will  lessen  the  number  of  parts  of  the  truss;  but  inasmuch  as  the  remaining  parts  will  require  to  be 
proportionally  stronger,  this  consideration  will  not  materially  affect  the  wts.  While  on  this  subject, 
we  will  remark  that  too  few  points  of  support  are  probably  used  at  times ;  owing  to  either  an  under- 
valuation, or  an  ignorance  of  the  effect  of  the  transverse  strains  produced  by  the  load  on  the  parts 
of  the  rafter  between  said  points.  These  parts  must  be  regarded  as  so  many  separate  beam*  sup- 
ported at  both  ends ;  or  rather,  &s  firmly  fixed  at  both  ends,  when  the  pieces  composing  a  rafter  are, 
as  usual,  strongly  connected  together;  in  which  case  the  beam  is  about  twice  as  strong  as  when 
merely  supported.  If  the  separate  parts  be  trussed,  like  the  purlin  at  7,  page  583,  to  neutralise  this 
transverse  action,  it  must  be  remembered  that  additional  compression  will  be  thereby  produced 
lengthwise  along  the  rafter.  The  best  practice  is,  as  far  as  practicable,  to  increase  the  number  of 
points  of  support,  so  that  the  purlins  may  rest  upon  them  alone,  or  near  them ;  and  thus  relieve  the 
rafters  entirely,  or  in  part,  from  transverse  strain. 

Rem.  2.  As  to  the  effect  produced  on  the  weight  of  a  truss,  by 
ehanjplnflr?  ItfB  rise,  no  short  correct  rule  can  be  laid  down.  Although  as  a 
roof  becomes  flatter,  its  area  becomes  less,  so  that  each  truss  has  less  total  wt  of  roof- 
covering,  snow,  and  wind,  to  sustain,  still  tbe  strains  on  most  of  its  members  become 
greater;  requiring  greater  wt  of  truss.    To  find  this  increase  with  accuracy,  it  is 


•  See  Snow  and  Wind,  p  216, 221. 

t  Tbe  corrugated  iron  itself  will  weigh  from  1^  to  2  lbs  per  sq  ft  on  tbe  roof.  If  not  plastered  under- 
neath, tbe  condensed  moisture  of  the  air,  especially  from  crowded  rooms,  will  fall  from  tbe  iron  into 
the  rooms  below.  Mere  boarding  will  not  prevent  this,  even  if  tongued  and  grooved,  unless  the  circa* 
laUon  of  air  against  the  under  side  of  the  iron  is  effectually  out  off. 
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necessary  to  make  a  diagram,  and  perform  all  the  calculations.    The  strains  on  a 

Fink  rafter  become  more  nearly  uniform  throughout  its  length,  as  the  pitch  of  the 

roof  becomes  less ;  while,  with  a  rise  of  x/&  span,  the  strain  at  its  foot  is  about  1^% 

times  thafc«t  its  head.    On  the  contrary,  the  strains  on  its  struts  remain  nearly  tht 

same  in  amount  for  all  ordinary  rises. 

In  the  king  and  queen  truss  the  strains  at  the  heads  and  feet  of  the  rafters  retain  the  same  pro- 
portion* to  each  other,  at  all  rises ;  the  strains  on  the  verticals  become  leu  tut  the  roof  becomes  Salter; 
while  those  on  the  obliques  vary  according  to  their  several  obliquities.  Under  these  irregularities, 
which  affect  the  K  and  Q,  much  more  than  the  Pink,  we  can  do  nothing  more  than  say  tout  when  it 
is  merely  wished  at  the  moment  to  form  a  rough  idea  of  the  effect  of  changing  the  rise,  we  may 
usume  the  weigh;  of  a  Fink  truss  to  increase  about  in  the  same  proportion  as  we  diminish  the  rise; 
3r  to  diminish  as  we  increase  the  rise.    Thus,  if  we  increase  the  rise  or  the  roof  in  Table  1.  one-fourth 

part,  so  as  to  make  it  equal  to  .25  or  £  of  the  span,  instead  of  .2  or£-  of  the  span,  we  may  dimiaiah  its 

#t  K  part;  making  it  about  8000  lbs,  instead  of  8000.  Or  if  we  reduce  the  rise  from  ^  to -j^,  making 
it  only  half  as  great,  we  shall  double  its  weight,  making  it  16000  Oka;  as  rude  approximation*. 


Figs  21^  show  a  few  of  the  many  forms  of  the  details 
Of  Iron  roofs.  Every  maker  has  his  own  modifications  of  them.  Most  of  the 
figs  explain  themselves.    They  will  serve  as  hints. 

R  and  P  stand  for  rafter  and  purlin.    In  small  roofs,  with  the  trusses  only  3  or  4 
ft  apart,  the  purlins  may,  as  at  6,  be  simple  %  inch  or  ^  round  rods,  about  9  ins 
apart;  and  the  slates  may  rest  immediately  on  them,  being  tied  to  them  by  iron 
wire.    They  may  be  bent  down  at  their  ends,  and  riveted  to  the  rafters.    As  the  dist 
between  the  trusses  increases,  these  purlins  may  be  made  of  flat  iron,  from  1  to  Sins 
deep,  and  ]/^  inch  thick;  or  of  light  T  iron,  Ac;  and  may  be  trussed,  as  at  7,  so  as  to 
admit  of  being  placed  several  feet  apart.    When,  however,  they  have  to  bear  great 
weight,  the  mode  at  c,  Fig  7,  of  confining  their  ends  to  the  rafters,  will  be  too  weak. 
Sometimes  they  may  be  arranged  as  at  y.    Or  the  purlins,  of  either  iron  or  wood, 
may  rest  on  top  of  the  rafters,  as  at  1  and  5 ;  or  their  ends  may  rest  in  a  kind  of 
stirrup,  as  at  £,  Fig  2;  and  at  P,  Fig  4:  in  castings  placed  at  the  "points  of  sup- 
port "  of  the  truss ;  or  they  may  be  confined  to  the  sides  of  the  rafters  by  two  angle- 
irons,  as  at  P,  Fig  9.    Purlins  should,  when  practicable,  be  sap- 
ported  only  at  or  near  the  "points  of  support"  of  the  truss:  and 
as  a  general  rule,  it  will  be  expedient  to  arrange  the  number  of  these  -points  with 
reference  to  this  particular.    The  rafters  are  then  relieved  from  transverse  strains ; 
and  may  be  proportioned  with  regard  only  to  the  compressive  strain  in  the  direction 
of  their  length.    Too  little  attention  is  sometimes  given  to  this  point,  and  the  trans- 
verse strain  is  overlooked,  to  the  serious  injury  of  the  roof.    It  is  well,  however,  to 
bear  in  mind  that  thin  deep  rafters  are  liable  to  yield  by  buckling  sideways ;  and 
that  this  tendency  is  diminished  by  purlins  well  secured  to  them  bttioetn  the  "  points 
of  support."    Sometimes  castings  similar  to  2,  are  used  at  the  heads;  and  3,  at  the 
feet,  of  the  struts  and  vert  ties ;  which  last  have  their  ends  cut  into  right  and  left 
hand  screws,  for  insertion  into  corresponding  female  screws  cut  in  the  castings. 
At  3, 1 1  is  the  main  tie  passing  loosely  through  the  lower  opening  through  the  cast- 
ing.   Below  it,  is  seen  the  head  of  a  small  set-screw,  for  tightening  together  the 
casting  and  the  tie ;  to  prevent  the  former  from  slipping  out  of  place.    There  must 
be  different  patterns  of  these  castings,  to  suit  the  obliquities  of  the  several  obliques; 
or,  in  small  roofs,  the  parts  a  a  may  be  made  with  hinges,  for  the  same  purpose. 
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At  4  and  5  are  Cant-Iron  shoes  for  aupporting  tin  ends  of  the  truiiea 
•ml  |Iu  mill.  With  the  eiception,  perhaps,  of  theae  EhoM.it  in  better  that  tha 
details  generally  nhoiild  ho  of'  wrought  iron. 

At  H  in  it  mode  or  confining  thin  metal  roof-cover  lug:  i,  to 

the  pnrllnn  I',  by  means  i,f  Hlmrt  ji],,,ut  mi  im-hi  U-Mli„f„-(i  r.i«c«a  (e  c  1 1  li  one 
of  them) of  iheaaraa  metal;  to  which  1  li  rivaled  by  mi  W  bah  rinrl  rhrni^h  each 
fl;iiif>ei  (.  I'll  i.  may  be  adopted  with  rnrrngHtH  irnu  coypring.  which,  hy  its  atrenirth, 
bIIowh  the  purlins  to  bo  places  seteral  teat  apart.    See  Corrugated  Iron.    Flat 

At  IO  is  a  mmle  of  confining;  a  wooden  purlin  P  on  top  of  an  Iron 


ia»»sa«.  plMlilSipi; 
B     Mia      jo 


(Rirlf n  P  and  tbe 

fw  nailed,  when 
There  ia  room  to 
-ha  nn  el-ban  rly 

corrugated  roofcoverfng 
the  roof  (a  to  he  plasten 
t  ranch  Ingenuity  In  all  t 

in    Tuju 

Dh  Ml 

■  - 

,1, 

ptLHt 

i  the 

prin  n- laths  may 
m!  "two  angl* 

Flit  IS  abowi  •  tnrnlmehle 

mndeln  two  length).    If  ie  la  made 
nut  or  pipe  swivel,  ami,  at  lei 

till",. 

Isl 

* 

<  called  a  doublet 

Fig  14  Is  a  mode  or  tightening;  fonr  length*  of  tie-bars  crossing 
pro.ided  with  tightening  nuti,  » In  the  fig.    Tha  rlnga  are  usually  %  to  1J(  inch 
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Horizontal  Fink  Truss, 

uniformly  loaded. 

Strains   on   posts  =  final 

panel  loads :  at «  =  s  i  =  half  the  total  wt 
of  truss  and  load ;  at  •  =  m  i,  and  %td  =  gi, 

•ach  =  half  x  i.  Strains  on  ties  i 

on  m  e  and  g  c,  each  =  ai  =  fv;oo<M 
and  x  g,  each  =  aco  =  xn;  on  m  a  and  0  «, 

each  =  *o  +  *jf=m  +  j».  Strain 

On  ehord  •  a  (uolfona  throughout)  =  half  on-4- half  y  s  =  half  o«  +  half  ««. 


In   the  Fink  truss,  the  effects  of  a  moving  load  may  be 

calculated  as  for  a  full  uniform  maximum  load  from  end  to  end.  Thus  assuming 
at  first,  as  in  the  preceding  cases,  that  everything  is  borne  by  one  truss  only ;  then^ 
when  the  load  is  upon  the  top  chord  of  the  truss,  each  vert  post  may  in  practice  be 
regarded  as  upholding  one-half  of  that  portion  of  the  entire  wt  of  bridge  and  dis- 
tributed load  which  is  between  the  two  extreme  ends  of  the  two  obliques  which 
uphold  said  post.  Thus,  in  Fig  46,  the  half-way  post  de,  bears  half  of  all  between 
a  and  6.  The  post  m  p,  half  of  all  between  a  and  d ;  the  post  h  o,  half  of  all  between 
m  and  d.  This  is  equivalent  to  saying  that  the  half-way  post  bears  half  the  entire 
wt  of  the  bridge  and  load:  each  quarter-way  post,  one-quarter;  each  eighth-way 
post,  one-eighth,  Ac,  Ac,  of  this  same  entire  wt  of  bridge  and  load ;  and  these  consti- 
tute theoretically  the  strains  on  the  several  posts.  But  after  having  got  thus  far,  it 
is  necessary  to,examine  whether  some  of  the  smaller  ones  may  not  have  to  be  in- 
creased, for  the  following  plain  reason :  Suppose  we  have  assumed  our  max  load  to  be 
a  string  of  engines,  weighiug  1  ton  per  foot  run ;  or,  including  the,wt  of  the 

bridge  itself,  say  1.4  ton  per  ft ;  and  suppose  our  posts  to  be  as  close  together  as  5 
ft ;  then  the  least  loaded  posts  would  each  bear  5X1.4  =  7  tons.  But  we  know  that 

from  16  to  20  tons  may 
be  concentrated  within  a 
'  length  of  6  ft,  on  four 
drivers  of  an  engine ;  and 
half  of  it  will  have  to  be 
supported  by  each  post  in 
succession  as  attain  passes. 
When  we  thus  find  by  trial, 
which  posts  will  be  more 
strained  by  an  engine  than 
by  our  assumed  max  per  ft 
run  of  the  whole  truss,  we 
must  increase  the  load  first  found,  correspondingly.  In  the  Fink,  and  Bollman 
trusses,  the  verts  are  always  struts  or  posts.  Having  fixed  upon  the  load  for  each 
post,  asp  0,  Fig  21  A,  then  for  the  strain  which  said  load  will  produce  upon  each  of 
the  obliques,  or  ties,  p  c,  p  A,  upholding  said  post,  take  any  dist  p  d  on  the  post,  to 
represent  the  load  by  scale;  and  draw  d  w,  d  n,  parallel  to  the  ties;  then  p  w% p  «, 
measured  by  the  same  scale,  will  respectively  give  the  strains  on  each ;  whether  they 
lie  equally  inclined  as  usual,  or  not.  The  two  hor  lines  *  a,  w  a,  by  the  same  scale, 
give  the  two  hor  forces  which  the  load  at  the  top  o  of  the  post,  acting  through  the 
ties,  produces  upon  the  chord  at  c  and  h ;  which  two  equal  and  opposing  fare**  pro- 
duce along  the  intermediate  stretch  c  h  of  chord,  a  strain  equal  to  one  of  them.  In 
other  words,  either  n  a,  or  to  a,  gives  the  hor  strain  produced  along  c  ht  by  the  load 
at  o  only. 

Strain  on  the  chord.  This,  from  a  uniformly  distributed  load,  is  the  same 
throughout  the  entire  length  of  a  Fink  chord.  To  find  it,  observo  M'hich  obliques, 
(as  to  t%  g  «,  o  «,  Fig  21  *',)  of  one-half  of  the  truss,,  terminate  at  tmtt  end,  r,  of  the  chord. 
Then,  having  previously  found  the  loads  on  the  posts,  c  o,  ug,  t  m,  which  pertain  tc 


Fig.  21  h. 
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those  obliques,  ascertain  by  the  pro- 
cess in  Fig  21  /*,  the  hor  force  n  a, 
(in  both  figs,)  which  each  of  those 
loads  produces  on  one  oblique.  Add 
together  these  forces  n  p,  (there 
will  be  but  three  or  them  in  Fig  21  i, 
as  marked  by  the  dark  lines ;)  their 
sum  will  be  the  strain  along  the  en- 
tire chord.  The  obliques  mu,ur, 
r  c,  g  c,  do  not  terminate  at  e\  and 
are,   therefore,  omitted  in  finding 

the  chord  strain.    The  process  is  the  same  whether  the  yerts  are  all  of  the  same 
length  or  not. 

Or  the  hor  chord-strain  produced  by  each  of  the  loads  on  the  posts  c  o,ug,  tm, 
may  be  calculated  thus,  and  added  together. 


Horizontal 
strain 


entire  load 
t   on  post 


y,  hor  dirt  from  port 
*    to  end  e  of  chord 


twice  the  length  of  the  port. 


Art.  IT.    FifX  M  represents  a>  ■nspenslon  truss  on  tl 
■inn  plnn;*  tlie  whole  weight  auppmod  lu  lie  along  thetopap. 

Si 

■or, 


nu  vMUl'ma.1  vert  Bt'rlln*«t 
the  points  of  support  of  Un 
other  pineUoads.  So  ami* 
ir  2nd  iiroccui  »nd 
baring  divide!  the  uniform  wt 

6,  °  """e,  itTbelbre 


proof  that  the  it  mill  i  hire  bun  druwn  und  mauunrl  c: 
weight  of  tnM Ud  load  II  carried  in  the  Buna  war 
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The  strain  I  u  =  3.91  tons. 
"  fc«=4.25    " 

"  >«  =  4.52    " 

"  iu  =  4.47     " 


The  strain  lg  =  1.82  tons. 
«  fc^  =  3.17    " 

>  0  =  4.05    " 
t  0=4.47    " 


Each  post  or  vert  is  of  course  strained  to  the  amount  of  a  full  panel-load,  when 
the  whole  wt  is  supposed  to  be  on  top  of  the  truss. 

In  the  Bollmnn,  for  a  moving-  load,  having  first  pre- 

pared the  working  diagram,  determine  the  max  weight  that  can  come  upon  a  post. 
This  will  be  the  stime  for  each  post.  If  the  moving  load  is  on  top  of  the  truss,  this 
load  on  each  post  will  consist  of  the  greatest  wt  of  engine  that  can  stand  upon  one 
panel-length  of  truss;  together  with  (approximately  enough  for  practice) one  panel' 
length  of  floor;  and  the  half  of  a  panel-length  of  truss.  If  the  load  is  at  the  bottom 
of  the  truss,  the  posts  bear  no  part  of  either  the  moving  load,  or  of  the  floor;  but 
each  of  them  will  be  strained  to  the  amount  of  the  wt  of  half  a  panel  of  truss. 

The  loads  on  the  posts  may  then  be  written  upon  the  diagram. 

The  obliqnes  or  ties,  however,  when  the  load  is  at  the  bottom,  bear  (ns  in  the 
Fink)  the  same  amount  of  strain  from  the  moving  load  and  floor,  as  when  it  is  on  top. 
Therefore,  when  it  is  at  the  bottom,  each  pair  of  ties  sustains  not  only  the  load  rest- 
ing on  the  post  which  they  uphold;  but  the  wt  of  one  panel-length  of  floor,  and  the 
max  panel-weight  of  engine.  In  other  words,  whether  the  load  be  on  top,  or  at  bottom, 
the  two  ties  at  the  foot  of  each  post,  sustain  a  wt  equal  to  a  full  panel-length  of  truss 
and  floor ;  together  with  the  max  panel-wt  of  engine.  Having  added  these  wts  to- 
gether, lay  off  their  sum  by  scale  at  each  post,  as  shown  at  /  v,  k  v,j  t>,  t  r,  Fig  22 ;  com- 
plete I g  v  u,  k g  v  w,  Ac ;  and  measure  the  strains  lu,lg ,ku,kg,  Ac,  along  the  tics. 

The  strains  on  any  pair  of  ties,  may  also  be  calculated  thus;  having 
the  load  they  sustain. 

7     j  v  hor  dist  from  post  to      length  of 
Strain  on    =    waa  A  farthest  end  of  chord  x  short  tie 
short  tie  total  lmgth  0j  trmg  Ungthof 

post. 

load  V  'tor  *****  from  P°st  to       ItrtgtJi  of 
Strain  on  *   nearest  end  of  chord        long  tie 

Umff  tie    =  total  length  of  truss  X  length  of 

post. 

The  hor  strain  on  the  chord  will  be  uniform  throughout,  as  in  the  Fink 
truss ;  and  will  depend  upon  the  max  uniform  load  that  can  cover  the  whole  bridge; 
and  not,  as  in  the  case  of  the  ties,  upon  the  greatest  load  which  each  pair  of  ties  may 
have  to  sustain  in  succession ;  unless  we  assume  our  max  uniform  load  to  be  a  string 
of  engines  which  may  bring  a  max  panel-wt  of  engine  upon  every  pair  of  ties  at 
once.  In  that  case  we  have  only  to  measure  upon  one-half  of  our  working  diagram, 
the  several  hor  lines  corresponding  to  u  o,  Ac,  in  Fig  22;  and  their  sum  will  be  the 
reqd  hor  strain  on  the  chord.  But  if  we  take  our  max  uniform  load  on  the  whole 
truss,  to  be  a  string  of  cars,  we  must  diminish  the  chord-strain  thus  found,  in  this 
manner:  Add  together  a  full  panel- weight  of  truss,  floor,  and  cars;  then,  as  the  full 
panel-wt  of  truss,  floor,  and  engine,  (which  we  before  assumed  as  the  straining  load 
of  each  pair  of  ties,)  is  to  the  panel-wt  of  truss,  floor,  and  cars,  just  found,  so  is  the 
hor  chord-strain  before  found,  to  the  one  reqd. 

We  will  repeat,  that  chords  must  be  strong  enough  to  bear  not  only  the  hor  pull 
or  push  to  which  they  are  exposed ;  but  also  to  sustain  safely,  as  beams,  the  trans- 
t«rae  strains  from  the  floor,  and  from  the  moving  load,  when  these  rest  upon  them 
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BOWSTRING,    AMD    CRESCENT    TRUSSES,    UNIFORMLY 

LOADED. 

Art.  IS.  Before  attempting  to  find  the  strains  on  either  a  uniformly  loaded 
bowstring  or  a  crescent  truss,  Figs  28,  33  b,  23  c,  by  means  of  a  diagram,  tbe  student  should  familiar- 
ise himself  with  tbe  following  remarks : 

Rem.  1.  The  basis  of  tbe  entire  process  is  that  at  every  point  of  sup- 
port, beginning  at  an  abut  as  the  flm  one,  we  have  acting  one  or  more  known  forces,  balanced  or 
held  in  equilibrium  by  either  one  or  two  unknown  ones ;  and  the  object  at  each  point  is  first,  by 
means  of  the  parallelogram  of  forces,  to  find  tbe  resultant  of  the  known  ones ;  and  seeead,  by  the 
same  principle,  to  resolve  this  resultant  into  two  components  in  the  directions  of  the  unknown  ones. 

This  Is  all  that  is  required  in  either  the  bowstring  or  the 
crescent  truss.* 

Rem.  2.    While  more  than  two  auknown  forces  exist  at  any 

point  of  support,  their  amounts  cannot  be  found.  If  one  force  is  known, 
and  two  unknown,  the  three  balancing  each  other,  draw  a  line  by  scale  to 
represent  tbe  amount  and  direction  of  tbe  known  one ;  and,  considering  it  as  one  side  of  a  triangle, 
from  its  two  ends  draw  lines  parallel  to  the  two  unknown  ones,  to  meet  each  other,  thus  completing 
tbe  triangle.  Then  these  last  two  will  by  the  scale  give  tbe  two  unknown  ones ;  because  when  three 
forces  meeting  at  one  point,  balance  each  other,  three  lines  representing  them  both  in  amount  and 
in  direction,  will  form  a  triangle,  t 

If  there  are  two  or  more  known  forces,  first  find  the  single  re- 
sultant of  them  all  and,  taking  it  as  one  side  of  the  triangle,  find  the  other  two  sides 
(that  is,  tbe  two  unknown  forces)  as  before.  After  a  little  practice  the  student  will  find  It  unneces- 
sary to  draw  more  than  half  the  sides  of  tbe  parallelogram  of  forces. 

Rem.  3.  The  bow  is  to  be  considered  straight  from  apex  to 
apex.    If  actually  curved  it  will  be  much  weakened. 

But .  4.  At  eaoh  point  of  support,  or  apex,  consider  every  member  that  meets  there,  to  be  a  tores 
either  pushing*  towards  said  point,  if  along  a  strut;  or  pulling  from 

It,  if  along  a  tie.  This  is  shown  by  the  arrows  in  Figs  23,. 23  a,  Ac.;  thus  in 
Fig  23,  at  o,  the  forces  along  the  struts  coy  to,  and  oo,  pu$h  toward*  o;  qo  also 

Sushes  towards  q  ;  while  the  force  along  the  tie  r  o  pulls  from  o,  as  also  from  r.  All 
oads  on  the  bow  are  forces  pushing  vert  downwards. 

Rem.  5.    If  the  known  forces  are  uot  all  alike  at  any  point,  (that 

is,  neither  all  palls  nor  all  pushes,)  then  while  constructing  the  parallelograms  of  forces,  one  or  mere 
of  the  forces  must  be  changed,  and  be  regarded  as  acting  at  the  opposite  aide  of  said  point,  but  in  the 
same  direction  as  before ;  so  as  to  make  them  all  alike ;  otherwise  tbe  parallelogram  will  not  give  the 
correct  resultant.  For  instance,  in  Fig  23  o,  we  have  (as  will  be  seen  hereafter) 

three  known  forces  noting  at  e,  namely  e  e  pushing  towards  c :  a  load  (not  shown)  on  the  bow  at  e, 
pushing  vert  downwards  towards  c ;  and  p  c  pulling  from  e.  In  this  ease  we  most,  while  drawing 
the  sides  of  the  parallelograms,  either  consider  the  pull  p  e  to  be  changed  to  a  push  in  the  direction 

*  The  same  process  applies  equally  to  all  our  figs  from  10 
to  16  also  ;  whether  uniformly  loaded  on  one  chord  or  on  both ;  also  to  the  in- 
verted bowstring,  and  to  Fig  23  d.    In  this  last,  as  in  tbe  others,  the  lower  member  (*«*»)  Is  a  lis 


which  prevents  tbe  truss  from  spreading,  and  thus  eauses  it  to  exert  only  vert  pros  against  tbe  abuts. 
This  is  a  distinctive  character  of  all  so-called  truss  girders,  including  all  oar 
figs  back  to  Fig  5.  But  when  nnn  is  converted  into  an  arch  for  sustaining 
compression,  it  ceases  to  be  a  tie,  and  the  truss  then  exerts  hor  as  well  as  vert 
force  against  the  abuts;  and  becomes  what  is  called  a  braced  arch.  The  pro- 
cess requires  a  slight  modification  before  it  can  be  used  for  sueh,  as  shown  in  Art  20.  Al- 
though strictly  speaking  the  process  does  not  apply  to  the  Fink  truss.  Figs  19,  20,  21,  beoanso  we 
there  encounter  three  unknown  forces  at  any  point  where  three  web  members  as  cm,  ex,  eg.  Fig  20. 
meet  at  a  rafter  as  at  c,  still  as  we  can  readily  determine  tbe  strain  on  one  of  these,  cat,  by  means  of 
the  entire  vert  strain  at  such  point,  (which  strain  oan  be  found  in  a  Fink  truss  by  a  mere  nnwtal 
calculation)  we  thus  reduce  the  unknown  forces  to  two,  and  therefore  may  employ  the  propose  even 
for  such  trusses.    The  student  would  do  well  to  test  Figs  10  to  10  by  this  process. 

f  Any  one  of  the  three  forces  is  then  the  an ti- resultant,  or  bal- 
ancer, or  oppoeer,  of  the  other  two ;  and  if  three  arrow-heads 

showing  their  directions  be  added  to  tbe  sides  or  tbe  triangle  as  in  this  Fig,  they  will. 
as  it  were,  chase  each  other  around  the  triangle ;  that  it,  tbe  head 
of  any  one  of  them  will  touch  tbe  butt  end  of  the  one  next  to  it ;  or  no  two  arrow-beads 
will  meet.  But  this  Is  not  so  when  three  sides  of  a  triangle  represent  two 
forces  and  their  resultant,  or  equivalent  in  effect;  for  the  arrow-head  of  the 
sultant  will  then  meet  that  of  one  of  the  other  forces. 
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from  I  towards  e ;  or  the  other  two  to  be  similarly  changed  to  palls.  The  first  of  course  is  the  easier. 
According  as  the  known  forces  (after  one  or  more  are  so  changed,  if  necessary)  are  palls  or  pushes, 
tbe  diagonal  or  resultant  will  be  the  same. 

Kem.  6.  To  decide  whether  an  unknown  force  is  a  pull  or 
a  posh  ;  that  is  whether  the  member  along  which  said  force  acts  is  a  tie  or  a 
strut.  Having  found  the  resultant  of  the  known  forces,  add  to  it  an  arrow-head  to  show  its  direc- 
tion. Then  having  on  this  resultant  completed  tbe  triangle  by  means  or  the  two  unknown  forces, 
add  arrow- heads  to  them  also,  placing  them  so  that  tbe  three  arrows  shall  ohase  each  other  around 
tbe  triangle.  Then  imagine  each  arrow  of  the  unknown  forces  to  be  placed  one  at  a  time  without 
changing  its  direction,  upon  the  line  representing  its  respective  web  member.  If,  in  this  position, 
the  arrow  pushes  toward  the  giveu  apex,  the  member  is  a  strut.  If  the  arrow  pulls  away  from  tbe 
apex,  the  member  i*  a  tie. 

When  there  is  bnt  one  unknown  force,  and  it  is  found  to  form  a 

straight  line  with  tbe  resultant  of  the  known  ones,  then  its  arrow  must  point  in  tbe  opposite  direc- 
tion from  that  of  tbe  resultant.  We  may  add  that  of  tbe  two  unknown  forces  at  any  apex,  one  is  al- 
ways along  either  tbe  bow  or  tbe  string ;  and  must  plainly  be  a  strut  in  the  first  case,  and  a  tie  in  the 
last  one.  For  the  present  we  will  oall  it  the  chord-force.  Tbe  other  unknown  force  will  be  along  a 
web  member.  Now  it  can  always  be  seen  at  once  that  tbe  resultant  and  the  chord-force  together  tend 
to  displace  the  apex  at  which  they  act.  by  moving  it  either  outwards  or  inwards,  from  or  towards  tbe 
truss ;  and  if  we  simply  consider  that  it  is  the  duty  of  tbe  web-member  to  counteract  this  displacing 
tendency,  we  shall  have  no  trouble  in  deciding  whether  it  must  for  that  purpose  pull  or  posh  at  the 
apex,  or  in  other  words  be  a  tie  or  a  strut. 

Rem.  7.    After  having  found  the  resultant  of  the  known  forces,  said  known  forces  themselves  must 
be  considered  as  no  longer  existing. 

Rem.  8.    To  find  the  strains  correctly  requires  jrreat  care  and 

attention.  Plain  as  tbe  foregoing  remarks  are,  the  student  will  in  nis  first  attempts  probably  com* 
mit  many  errors.    A  little  practice  however  will  rectify  this. 

A  {rood  metallic  parallel  ruler  on  rollers,  and  about  18  inches  long. 

is  almost  indispensable.  Paper  ruled  in  squares  facilitates  the  work.  Tbe  lead-pencil  must  be  kept 
sharp,  and  the  lines  should  be  drawn  lightly.    A  scale  of  from  W  to  yi  of  an  inch  to  a  foot  or  ton  will 

generally  be  found  convenient.  It  will  be  diflicnlt  to  find  all  the 
strains  to  within  the  nearest  .1  or  .2  of  a  ton,  or  even  more;  be- 
cause, as  the  work  progresses  errors  which  are  inappreciable  at  the  start  may  insensibly  enlarge 
themselves.  It  will  be  seen  from  our  table  of  bowstrings  of  80  ft  span,  p  592»  that  the  strains  on  some 
or  the  web  members  are  less  than  .1  of  a  ton  ;  so  that  tbe  diagram  may  even  with  great  care  mislead 
ns  to  tbe  extent  of  100  per  cent,  or  more,  in  these  small  strains.  Fortuuately  this  is  a  matter  of  little 
importance,  for  these  members  are  so  small  that  a  liberal  allowance  for  errors  involves  but  a  trifling 
waste  of  material.  In  tbe  larger  strains  errors  of  .1  or  .2  of  a  ton  are  of  no  consequence.  Never  con- 
sider the  work  of  a  diagram  complete,  however,  until  after  testing  it  by  some  of  the  proofs  in  Art  It. 

Art.  19.  Example.  We  will  now  apply  the  foregoing-  re- 
marks to  the  bowstring  truss,  Fig  23.  Its  span  is  80  ft ;  its  rise  10 
ft.  The  bow  is  divided  into  8  equal  parts  ;  and  the  lower  apices  are  horizontally  half-way  between 
the  upper  ones.  Tbe  trusses  are  assumed  to  be  7  ft  apart  from  center  to  center.  Tbe  total  wt  of  tbe 
truss  and  its  load  is  supposed  to  be  equally  distributed  along  the  bow  only,  and  to  amoont  to  10.4 
tons,  which  corresponds  to  40  lbs  per  square  ft  of  roof  covering.  This  gives  1.3  tons  for  a  foil  panel 
load ;  and  half  as  much,  or  .65  of  a  ton  resting  directfy  (or  without  passing  along  the  web  members) 
on  each  abut ;  and  the  finding  of  these,  and  figuring  them  on  the  diagram  as  shown,  constitute  our 
"  first  process,"  Art  11.* 

This  done,  draw  at  the  abut  a  a  vert  line  av  equal  by  scale  to  half  the  entire  wt  of  toe  truss  and 
load,  minus  tbe  part  panel  load  which  rests  directly  upon  one  abut ;  or  to  5.2  —  .65=4.56  tons.  This 
line  represents  the  vert  upward  reaction  of  the  abut  against  that  portion  of  tbe  wt  of  tbe  half  truss 
and  load  that  causes  tbe  strains  whioh  we  are  about  to  seek.t  This  reacting  force,  which  is  a  known 
one,  balances  the  two  unknown  forces,  ae  along  the  bow,  and  ap  along  the  string.  To  find  these  we 
have  only  (Rem  2)  to  consider  a  v  as  one  side  of  a  triangle,  and  from  its  two  ends  to  draw  two  meet- 
ing lines  a  n  and  v  n  parallel  to,  or  in  the  same  directions  as,  tbe  unknown  forces.  Then  will  v * 
give  by  the  same  scale  9.94  tons  strain  along  tbe  bor  string;  and  a n  10.93  tons,  along  the  bow.  Tbe 
arrow  on  an  pushea  toward  a.  Hence  a  els  a  strut  (Rem  6).  But  the  arrow  on  vn,  if  placed  on 
ap,  pulls  away  from  a.    Hence  ap  is  a  tie.t 

Now  let  us  goto  tbe  apex  p.  There  we  find  that  we  have  one  known  force,  ("the  9.94  tons  along 
ap)  balancing  three  unknown  ones,  namely  pq,pc%  and  p  e.  Hence  (Rem  2)  ve 
cannot  now  find  these  last ;  therefore  we  leave  them  for  the  present,  and  try  at  the 
apex  e.     Here  we  have  two  known  forces,  namely  the  10.93  tons 

pushing  along  a  e,  and  the  l.S  tons  of  load  whioh  of  course  push  vert  downwards.  Both  these  being 
pushes,  neither  of  them  requires  to  be  reversed  ;  and  they  balance  two  unknown 
forces,  namely  ec  along  the  bow;  and  ep  along  the  oblique.  Hence  we  have  only  to  draw  ft  fses 
Fig  W)  to  represent  a  e ;  and  xe  to  represent  tbe  1.3  ton  load,  and  completing  the  parallelogram  /s 
xd,  draw  its  diagonal  d  t,  which  is  the  resultant  of  ft  and  x  a  ;  or  it  alone  would  balance  the  two 
unknown  forces.  By  measuring  dt  by  scale  it  becomes  a  known  force.  Therefore  taking  it  as  one 
side  of  a  triangle,  from  its  two  ends  draw  dt  parallel  to  the  bow  ec,  and  tt  parallel  to  the  oblique 

•  Remember  that  in  a  truss  of  any  form  it  is  only  when  the  stretches  along  which  a  load  is  uni- 
formly distributed  are  equal,  that  the  panel  loads  are  also  equal ;  or  that  the  portion  which  rests  rff- 
rtctly  on  an  abut  is  just  half*,  panel  load. 

t  Rach  abut  of  course  reacts  vert  upwards  against  tbe  tntirt  half  wt  of  the  truss  and  its  load ;  bat 
inasmuch  as  that  portion  of  said  wt  whioh  rests  dirtctty  on  an  abut,  does  not  reach  the  abut  by  way 
or  the  web  members,  and  therefore  has  nothing  to  do  with  their  strains,  it  is  omitted  from  the  press 
ure  set  up  at  the  abut  for  ascertaining  said  strains. 

I  When,  as  in  Fig  5K,  p  552,  the  load  is  uniformly  distributed  along  the  rafter,  and  the  latter  Is 
supported  only  at  lis  ends,  it  will  not  do  to  assume  that  the  load  is  concentrated  at  said  ends.  Such 
a  rafter  presses,  at  Its  foot,  in  the  direction  H  a,  and  not  in  the  direottoa  of  its  length  oa.  There- 
fore, if  a  x  in  that  Fig  be  drawn  to  represent  the  upward  reaction  of  the  abut,  we  must  draw  the  tri- 
angle m  H  x  (not  a  ox);  and  H  x  (not  o  x)  gives  the  pull  on  tbe  tie  beam.  But  in  auoh  simple  trui 
tbe  strains  are  more  readily  found  by  the  method  given  in  connection  with  Figs  5,  5M  and  6. 
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ep,  thus  oompleting  the  triangle  da  a.  Then  da  gives  by  scale  the  strata  10,66  along  tc ;  and  e  a 
gives  .14  of  a  ton  along  ep.* 

.Now  going  again  to  the  apexp,  we  And  that  we  have  two  known  forces p  a, p  e,  both  palls,  balanc- 
ing two  unknown  forces  pq,pc.  Therefore  as  at  Fig  T.  take  pf  and  p  a  to  represent  the  two  known 
forces ;  complete  the  parallelogram  fp  a  d ;  draw  its  diagonal  pd;  and  taking  it  as  one  side  of  a  tri- 
angle, draw  do  parallel  %opq,  andj»o  parallel  tope.    Then  is  do  by  scale  10.01  tons  strain  along 

pq;  andj?o  is  .10  of  a  ton  along  pc.    Going  to  c,  we  taave  three  known 

forces,  ce,  cp,  and  the  1.3  ton  panel  load,  all  of  them  pushes,  so  that  none  of 
them  need  be  reversed;  and  balancing  co,  eq,  both  unknown.  In  this  case,  as  shown  at  Fig  V,  we 
must  draw  two  parallelograms,  beginning  with  any  two  of  the  known  forces.  Say 

we  begin  with  ex  representing  the  1.3  ton  load,  and  ce,  representing  the  10.66  tons.  On  these  two 
draw  the  parallelogram  cetx,  and  its  diagoual  c  t.  Then  draw  co  to  represent  the  third  known  force 
ep  of  .10  or  a  ton ;  and  on  it  and  the  diagonal  et  draw  the  second  parallelogram  eta  a.  and  its  di- 
agonal cs.  This  last  diagonal  is  the  resultant  or  single  force  which  would  balance  the  two  unknown 
forces  co,  cq;  therefore  take  it  as  one  side  of  a  triangle,  and  from  its  two  ends  draw  two  meeting 
lines  parallel  to  said  unknown  forces,  and  measure  them  by  scale  to  obtain  the  amounts  of  those 
forces.  On  account  of  the  smallness  of  our  scale  we  have  not  shown  these  two  lines.  In  practice,  in 
order  to  prevent  confusion,  it  is  well  to  rub  out  the  sides  of  the  parallelogram  after  having  found  the 
first  diagonal.    In  this  manner  proceed  until  the  final  strains  on  oa,er,  and  r  (  complete  the  whole. 

If  the  entire  uniform  wt  of  trust*  and  load  is  assumed  to 
be  on  the  string  or  lower  chord,  as  in  Fig  23  a,  then  all  the  web  mem- 
bers become  ties ;  but  the  process  remains  unchanged.  Therefore  first  distribute  the  entire  wt 
among  the  lower  apices  and  abuts  by  pur  "  first  process."  Then,  as  in  Fig  23,  draw  the  vert  line  a* 
(  =  half  the  entire  wt,  minus  what  rests  directly  on  one  abut)  and  from  it  find  the  strains  ou  at  and 
ap.  Then  going  to  e  we  have  one  known  force  as  balancing  the  two  unknowu  ones  ae  and  ep. 
After  finding  these  go  top.  Here  we  have  three  known  forces, pe,pa,  and  the  panel  load ;  the  first 
two  of  whioh  are  pulls,  while  the  third  (resting  on  top  of  the  string)  is  a  push  vert  downwards. 
Therefore  we  will  reverse  this  last,  and  consider  it  as  being  a  vert  pull  ptj  and  draw  the  first  par- 
allelogram onj»<  andj>a.  After  finding  the  resultant  of  the  three  pulls,  and  by  it  the  two  forces p  q, 
pc,  we  go  to  c.  Here  of  the  two  known  forces,  ae,  being  a  push;  and  pea  pull,  we  must  reverse 
one  of  them,  say  pc;  representing  it  by  an  arrow  (c;  and  complete  the  parallelogram  on  tc  and  cs. 

We  have  now  had  an  instance  of  all  the  cases  that  occur,  and  have  shown  how  to  manage  them. 

Proofs  of  accuracy  of  the  work.  The  resultant  of  the  strains  on 
those  members  (o  a  and  r  a),  Fig  23,  of  the  half  truss  that  meet  at  the  center  a,  of  the  bow,  and  of  half 
the  panel  load,  s,  at  the  center,  should  come  out  to  be  a  hor  line,  and  equal  to  the  hor  strain  aloug 
the  center  stretch,  r  t,  of  the  string.  With  all  the  care,  however,  that  can  be  taken,  it  will  be  very 
difficult  to  make  the  coincidence  exact.  In  some  trusses  the  half  truss  will  have  three  members 
meeting  at  the  center  of  the  bow ;  one  of  them  (a  center  vert  one)  belonging  partly  to  each  half  of 
the  truss.  Then  only  half  the  strain  on  this  one,  as  well  as  half  the  oenter  panel  load,  is  to  be  used 
in  the  proof.     All  this  applies  to  any  form  of  truss  however  loaded. 

Again,  if  all  the  uniform  wt  of  the  truss  and  Its  load  is  as- 
sumed to  be  on  the  hor  string,  and  if  the  string  is  divided  into  equal, 

or  nearljr  equal,  parts  by  the  web  members,  the  hor  strain  at  the  center 
•bonld  be  equal,  or  about  equal,  to 

Wt  of  half  truss  and  load  X  .25  of  the  span 

Depth  of  truss. 
Bat  with  very  unequal  divisions  of  the  string,  such  as  will  rarely  occur,  this  formula  Is  not  even 
roughly  approx. 

With  all  the  wt  uniformly  on  the  bow,  unequal  divisions  of  the 

string  have  no  effeot  on  the  oenter  hor  strain ;  and  if  the  rise  does  not  exceed  about  one  tenth  to  one 
eighth  of  the  span,  and  the  bow  is  about  evenly  divided,  the  above  formula  will  be  nearly  as  approx 
•a  when  the  load  is  on  the  string.  For  greater  rises,  however,  multiply  the  *pan  by  the  following 
multipliers  ^instead  of  by  the  .25  of  the  abovo  formula),  when  the  load  is  on  the  bow ;  and  the  half  bow 
about  equally  divided  into  at  least  two  parts. 


Rise,  in  Farts  of  the  Span.  (Original..) 

.lor  less,     |      .15      |       .2       |      .25      I       .3       |       .333       |      .35      |       .4      |      .45      |       .5 


Multipliers. 

.246        |     .243     |     .239     |     .233     |      .226     j       .222      |      .219     |      .211     |     .202     |      .192 

Bmc.  The  multipliers  for  intermediate  rises  may  be  taken  in  simple  proportion.  When  multiplied 
by  the  span  they  give  the  hor  dist  from  the  abut  to  the  center  of  gravity  of  one  half  the  loaded 
bow,  (as  the  .25  of  the  formula  gives  that  of  one  half  the  loaded  string,)  assuming  the  load  to  be 
concentrated  at  the  points  of  support  on  the  abut  and  at  the  apices.  It  is  this 
center  of  gravity  of  half  load  so  concentrated  that  must  be 
used  for  finding*  the  strains  In  the  truss,  and  not  that  of  half  load  as 

aetnally  evenly  distributed;  for  these  two  centers  of  gravity  under  these  two  aspects  may  differ 
greatly  from  each  other,  not  only  in  the  evenly  loaded  bow,  but  in  the  string,  if  divided  into  very  un- 
equal parts  by  the  web  members.  Even  the  number  of  divisions  of  the  loaded  bow  makes  some  dif- 
ference in  this  respect,  but  not  so  great  but  that  the  multipliers  in  the  above  table  will  be  correct  to 
within  about  three  per  ct  at  most  in  any  case  in  whioh  the  entire  bow  has  at  least  fonr  nearly  equal 
divisions. 


•  It  is  usual,  and  far  more  convenient,  to  draw  all  such  lines  at  the  apices  of  the  diagram  itself;  but 
on  account  of  the  smallness  or  the  scale  of  Figs  23,  and  23  a,  we  have  drawn  them  at  W,  T,  and  F,  to 
prevent  confusion.  Also  our  lines  are  not  drawn  to  scale  because  some  of  the  forces  are  toe  small 
to  be  appreciable  with  so  small  a  scale. 
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If  both  the  bow  and  the  string-  are  uniformly  loaded,  it  to 

plain  that  the  multiplier  for  any  given  rise  mast  be  somewhere  between  the  .2d  of  the  formula,  and 
toe  decimal  for  that  rise  in  oar  table ;  and  this  furnishes  an  easy  metbod  of  finding,  approx  enough 
for  practice,  the  nor  diet  from  the  abut  to  the  een  of  grav  of  a  naif  trass  thus  loaded.  Thus  after 
allotting  to  the  bow  and  string  their  respective  proportions  of  the  entire  wt  of  the  trass  and  lead, 
Dud  the  hor  dist  for  each  of  the  two  separately ;  and  then  oomblne  them. 

Table  of  approximate  strains  in  tons  on  Bowstring  trasses 

of  80  ft  span.  Trasses  7  ft  apart  from  oenter  to  center.  Load  (inelnding  wt  of  trasses)  40-  lbs  par 
square  ft  of  roof  covering;  all  assumed  to  be  uniformly  distributed  on  the  bow.  Bow  divided  into  8 
equal  parts ;  like  Fig  23 ;  and  straight  from  apex  to  apex.  Lower  apices  half- way  hor  between  the 
upper  ones.  Each  column  of  the  table  oommenees  near  an  abut,  or  end  of  truss.  The  first  or  end 
web  member  in  the  columns  is  a  tie,  the  next  one  a  strut,  and  so  on  alternately  towards  the  oenter, 
as  in  Fig  23.    Below  the  table  is  given  the  wt  of  each  entire  truss  and  its  load. 


Bise  20  ft,  or  X  Span. 

Rise  UH  ft,  or  %  Span. 

Bise  10  ft,  or  Ji  Span. 

Rise  8  ft,  or  -fa  Span. 

Bow. 

Tib. 

Web. 

Bow. 

Tib. 

Wbb. 

Bow. 

Tib. 

Wbb. 

Bow. 

Tib. 

Wbb. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tous. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

7.01 

4.85 

0.38 

8.80 

7.50 

0.22 

10.9 

9.94 

0.14 

18  J 

12.5 

0.07 

6.02 

5.18 

0.35 

8.30 

7  72 

0.18 

10.6 

10.01 

0.10 

13.0 

12.6 

0.06 

5.56 

5.34 

0.25 

8.03 

7.78 

0.15 

10.4 

10.16 

0.07 

12.8 

12.7 

0.07 

5.34 

6.38 

0.25 
0.10 
0.10 

7.90 

7.88 

0.15 
0.10 
0.10 

10.S 

10.22 

0.07 
0.05 
0.04 

12.7 

12.7 

0.0T 
0.08 
0.08 

Total  wt  =  11.6  tons. 

Total  wt  =  10.75  tons. 

Total  wt  =  10.875  tons. 

Total  wt  =  10.25  tons. 

Art.  SKI.    Tbe  braeed  arcb,  Fig  23  W.    Find  the  center  of  gravity  of 


either  half,  as  o  n  c,  of  the  truss  and  its  load.    Then 

Weight  of  said  half    y,  Hor  dist  of  said  cen  of  gray 
truss  and  load,  in  tons  *        from  the  nearest  abut       aM 

Vert  dist  o  *  from  abut  c  to  cen  o  of  truss 


Hor  pres  at  the 
cen  o  of  the  truss. 


Having  thus  found  tbe  hor  strain  \  e,  at  the  center,  and  knowing  the  wt »  e  of  the  bajf  truss  and 
load  minus  tbe  part  panel-load  that  rests  directly  on  tbe  abut,  draw  them  as  shown,  and  find  theft 
resultant  r  c.  Then  use  this  resultant  precisely  as  the  vert  line  a  v.  Figs  28  and  23a,  is  nsed  J 
namely,  by  drawing  from  its  ends  two  lines  for  finding  the  first  two  unknown  foreesj  then  proceed 
precisely  as  in  those  figs. 

Proof  of  accuracy  of  tbe  work.  If  all  has  been  done  correctly,  the 
last  resultant  near  the  oenter  of  the  trass  will  be  in  a  straight  line  with  tbe  last  member;  tbe  strain 
along  which  it  represents.  Also,  tbe  resultant  of  those  members  of  the  half  truss  which  meet  at  the 
oenter  of  the  truss,  and  or  Aa(/tbe  oenter  panel  load,  should  oome  out  a  hor  line  equal  to  the  oaten* 
lated  her  strain.  But  as  in  tbe  bowstring,  Ac.,  It  is  almost  impossible  to  secure  a  perfect  agreement. 
It  would  be  well  to  test  the  strains  near  the  ounter,  especially  the  very  small  ones,  by  the  prineipls 
indicated  by  the  following  remark. 

Rem.  It  Is  not  necessary  to  beg-In  at  an  abnt  In  order  to 
work  ont  the  strains;  for  after  having  disposed  the  load  properly  among 
the  aptees,  and  oaloulated  the  hor  strain  at  the  oenter  of  a  truss,  we  may  employ  said  strain,  and  e*M 
katfot  the  panel  lead  at  the  oenter,  as  two  known  forces  acting  against  (be  half  truss  at  the  oenter; 
fiod  thejr  resultant ;  and  resolve  it  along  the  two  members  of  said  half  truss  that  meet  there ;  and 
thus  work  on  down  to  an  abut.  The  line  representing  the  hor  strain  most  evidently  be  drawn  as  If 
pmkmg  against  the.  half  truss  whose  strains  are  sought.    This  remark  ap- 

Rlles  also  to  bowstring*  trasses,  and  others,  as  Figs  10  and  11,  Ac, 
whieb  we  have  two  or  more  known  forces  noting  against  our  half  truss  at  the  oenter;  and  not 
snore  than  two  unknown  fbrees  of  our  half  truss  meeting  there  else.   In  an  actual  bridge  there  would 
be  a  hor  member  w  I,  supporting  tbe  flooring,  and  a  short  vert  one  extending  upward  from  o,  and 
Blpiug  to  support  w  t.    But  these  do  not  form  part  of  tne  truss  proper. 
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Cantilevers.  Suppose  the  half  o,  n,  c,  of  the  braced  arch,  Fig  23  W,  to  be  h 
trussed  cantilever,  with  n  and  e  Ural?  built  into,  or  attached  to  a  wall;  and  loaded  either  aloog  the 
top  on,  or  otherwise.  Then  to  calculate  the  strains,  begin  with  only  the  load  oonoen (rated  at  the 
outer  end  or  apex  o,  as  a  given  known  force,  and  resolve  said  force  along e  I  and  op;  and  so  on  to  st- 
and c,  taking  in  on  the  way  the  loads  at  the  other  apices  as  before.  The  upper 
chord  will  be  In  tension;  the  lower  in  compression.  A  revolving 
truss  drawbridge*  when  open,  assimilates  to  two  cantilevers  joined  back  to 
back. 

Art.     31*    This  fig  represents  an  a 

opened  swing-bridge  support- 
ed on  rollers  on  the  pierj?,  and  by  tie- 
rods  at^aij  Ac.  All  the  wt  of  oe  is  up* 
held  by  a o ;  that  of  eg  by  a  t,  Ac :  and 
that  of  gt  directly  by  the  rollers.  Draw 
o  b  and  i  k  vertical  to  represent  the  wts 
of  oe  and  eg;  and  draw  6m,  kn  hori- 
zontal. Then  will  o  m  and  t  n  give  the 
•trains  along  a  o  and  a  i.  Also  o  m  will  give  a  hor  compressive  strain  reaching  fronc 
o  to  c:  and  k n  one  reaching  from  i  to  a 
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n  Pip  30,  or  an  Iron  Hows  tran,  the  lop  chord  F,  H,  sod  W,  it  cut  In  onp  pier* 
ns>er»p]y,  ae   (t  P.     Its  Bepiiniio  lengths  ure  romitHul  lugeiliisr  I.)  fl«nge>uiid 


chiria,  l«  proTidfd  with  Bimiln  di>iniii'ti>  .in  wji,  lor  tlic  mhio  |iuriK»s.     Tlio  linen 
#ln  J.r«*  •»■•■     U>preitDlLh«p™i..urenrilelieiiai  iniltalof  lh.ohllqiiH.fr.mnr..hloi 


wooden  bridges  it  fa  customary  to  add  a 

Dimension!  for  (Mk  or  Iw 

single- truck  railway-    Timlxr 


?uenallTcastinB«lir»ti»pe,Mat^,*  The 
-ill  lor  Li  si  roil*  II.™-"  hridKv;  iiltlioujth  in 
chea  when  Ihe  spun  exceeda  about  150  feet. 
■  trusses  or  it  Howe  bridge  for  m 
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Art.  8S.      Fig.  31. 
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■c.    Tl»  vertical  pi 


.*  abutments,  for  upholding  tlm  iippi*  t  herd.  Ac.     In  Ike  Pmll  the  ch. 
.to  about  jib  loan  area  than  the  main  braces  of  tbe  Howe.    The  main  brace  r 
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n  Pratt1!  truss  tbe  directions  of  the  rosin  braces  and  connters  are  respectively 
'  reveres  of  the  Howe.  alany  of  tbe  remarks  In  the  preceding  Art,  apply  equally 
this.  Neither  the  Howe  nor  the  Pratt  possesses  any  special  advantage  over  tbe 
eras  regards  ease  of  adjustment,  Ac.  In  both  trusses,  mobee  are  frequently  added 
wooden  railroad  bridges  when  the  span  eicseds  about  160  ft. 
krt.34.  Town's  lattice  Iran.  FlgS3,  as  originally  Introdoeed,  and  very 
tenslvely  employed,  was  of  extremely  simple  construction ;  being  composed  en- 

jdiiLu  on  the  span.    Two  sots  g  .   a 

the™  ^ero  placed  *****  I   ■    Id 


gether  at  their  I 


MS"?  ■  * 

upper  and  two 'lower  chords,  (sometimes  or  timber  8  ins  thick,)  as  shown  In  tba  flg, 
by  an,  no.  The  trunsreiae  section  A  shows  ths  two  upper  chords  on  a  Larger  scale  ; 
each  chord  consisting  of  two  planks;  one  on  each  Bids  of  lbs  lattices.  Two  trusses 
of  this  kind,  wltb  a  depth  equal  to  ^  or  1  of  anv  clear  span  not  exceeding  abonl  17o 
ft  ;plankior»x  12  white  pine;  Ihe  open  iqnarei2U  ft  onasiue.  In  the  clear,  were  con- 
lldernd  sufficient  for  a  common-road  bridge  20  ft  wide.  Many  or  these  bridges  warped 
sideways  very  liadly ;  and  when  npplled  to  railroad  purposes,  failed  entirely.  In 
some  cases  the  better  mode  of  three  lattices  was  employed;  two  or  them  running  lb 
oiiniiri'i-tmn;  iin.i  tin:  lliiid  In  Ihi-  oilier  liirertimi,  |*™ing  between  them.    A  funds 


"  used  In  Europe,  especially  for  Iron  bridges ;  Rome  of  which,  on  this 
principle,  bare  been  constructed  of  more  than  ai» 

of  the  trusses,  la  obiisied  In  the  large  bridges 

or  more  apart ;  and  ire  connected  together  at 

•er  intervals,  by  shortpleces  riveted  to  each  one, 

lite.  S4>  for  stiffening  tbem.    At  Tand  p  ere  seen  the  three 

**  lattices  of  each  truss  j  two  of  which,  on  the  outside, 

constitute  the  main  brace* ;  while  the  center  one  Is  the  counter-brace. 

Iroa  lattice  iluiiblc-tmfflt  railway  brldffe  OTCT  tbe  Nlane 
nt  Fi-elbnrtr.  Wwltaierimnl.  Fig.  34  A.    (Beckers  "  Rrlickenbau,"  Stuti! 


gart,  1873.  The  dimensions,  translated  from  metric  messure,  are  only  approil- 
male.)  The  2  end  spans  are  each  147.4  ft.,  the  5  middle  ones  eacii  158.1.  The  4 
trusses,  13  ft.  3  In*,  deep,  6  ft  lOins.  apart,  can.  to  ecu.  and  1094  ft.  long,  are  con- 

Eaeh  chord  cunsiats  of  a  vertical  plate  r,  14J4  inches  deep  and  from  0.4  to  0.7 
Inch  thick,  according  to  the  stress  in  the  ehord.two  1  .<  4  inch  angle  bars,  i, 
and  four  horizontal  plales,20  inches  wide  and  aggregating  finches  thick.  The 

web  lucmlrtTs  arc  nil  inclined  HI  SO"  tn  the  bnria.nlal.  Those  in  coiniircision, 
I  <■,  (ire  channel  bars  f^X^X?,  inch,  ami  II, t:  tension  members  T  T  arc  rial 
bnrs  6%  inches  wide  and  varying  from  0.4  to  t.ft  Inch  thick  All  the  Intersec. 
lions  of  tbe  web  members  with  each  other  and  with  the  chords  arc  riveted.  The 

hi  Li 

disg.  and  bor.  crow  bracing  of  channel  bars,  ll  attached  to  the  atiffeners.' 

Upon  the  upper  flan  get  uf  the  trusses  rert  tbe  cross  girders  G  (1,  generally  W 
inches  deep  and  4  feet I  inches  apart,  and  upon  these  the  longitudinal  sleepers  L, 
I!  x  10  Inches,  which  carry  the  rails,  R,  258  feet  above  the  bed  of  A*  stream. 

Each  end  of  each  truss  rests  upon  in  rollers,  1  inches  In  diameter,  placed 
between  bed-plates.  The  bridge  is  supported  upon  six  trestle  piers  141  feet  8 
inches  high,  built  of  cast-iron  pipes  connected  by  iron  lattice  work  and  resting 
upon  masonry  piers  of  varying  height.  The  entire  iron  work  weighe.1  «,W0,ti00 
pounds,  and  cost,  with  tbe  masonry,  1472,000. 

With  two  loemnotlTes  on  one  span,  the  trusses  deflected  0.9  inch,  but  recovered 
entirely  when  unloaded.  A  similar  deflection  occurred  under  the  passage  of  a 
fast  train.    The  lateral  vibration  was  scarcely  perceptible. 
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Fig.  34  B  represents  a  highway  bridge  across  the  Monongahela  at  Smith- 
field  St.,  Pittsburgh,  Pa.,  designed  and  erected  by  Mr.  G.  Lindenthal,  C.  E.  *  in 
1882-3,  replacing  a  suspension  bridge  built  about  1845  by  Mr.  John  A.  Roebling. 

The  new  bridge  has  two  channel  spans,  each  360  feet,  trusses  50  feet  high. 
The  number  of  panels  was  made  uneven  in  order  to  secure  both  ends  of  the 


— SCO 


Fig.  34  B.   Smithfield  St.  Bridge,  Pittsburgh,  Pa. 


middle  panel  directly  to  the  floor  system  and  thus  obtain  greater  longitudi- 
nal rigidity.  The  ends  of  the  trusses  rest  upon  square  posts,  P,  E.  formed  of 
plates  and  angles,  with  lattice  bracing.  The  middle  post,  P,  is  fixed :  but  the  end 
posts  (one  shown  at  K)  are  hinged.  The  posts  are  encased  in  ornamental  cast- 
iron  towers  with  wrought-iron  roofs. 

The  top  chord  is  a  steel  box  2  feet  deep  by  3  feet  wide,  built  up  of  plates  and 
angles,  its  metal  cross-section  is  111.35  sq.  ins.  at  the  center  of  the  span,  and 
119.35  sq.  ins.  at  the  ends.  The  bottom  chord  is  composed  of  10  and  8  flat  steel 
links  (in  alternate  panels)  7  inches  wide  and  from  1  inch  to  1  }|  ins.  thick.  Its 
metal  cross-section  is  98  sq.  ins  at  the  center  and  101.5  at  the  ends  of  the  span. 

The  verticals  are  of  iron,  and  consist  each  of  two  plates  10  X  lA  inch,  with  2}£ 
inch  angle  bars  at  their  corners  and  connected  by  a  double  lattice  of  flat  bars 
\%  x  yL  Under  a  uniform  load  they  sustain  tension  only,  but  under  an  un- 
evenly distributed  load  tbey  are  brought  into  compression.  They  are  stiffened 
by  the  horizontal  longitudinal  brace  BB,  running  the  entire  length  of  the  truss 
at  half  its  height,  and  (at  each  vert.)  by  a  horizontal  transverse  brace  at  the  same 
height,  both  about  1  foot  square  and  consisting  of  four  2%  inch  angle  bars  with 
double  lattice  of  1%  X  %.  The  diagonals  are  flat  steel  bars  varying  from  5  X  1 
inch  at  the  ends  of  the  span  to  6  X  1^  at  its  center.    Their  length  is  adjustable. 

The  floor  is  suspended  from  the  lower  chord,  as  shown,  by  hangers  extending 
downward  from  the  feet  of  the  verticals,  and  consisting  each  or  two  flat  iron 
bars  8  X  %  inch,  with  single  lattice  bracing  of  \%  X  %  *nch  iron« 

All  the  joints  are  pin-connected.  The  pins  in  the  upper  chord  are  4  Ins.,  those 
in  the  lower  chord  h%  ins.,  those  at  the  ends  of  the  truss  6  ins.,  and  those  at  the 
lower  ends  of  the  floor  hangers  3%  ins.  in  diameter.  They  are  all  forged  from 
solid  steel  billets  and  turned  to  size.    The  truss  cambers  2  ins. ;  floor;  18  ins. 

The  main  spans  are  proportioned  for  a  uniformly  distributed  load  of  4500  fte. 
per  lineal  foot  of  bridge,  besides  the  bridge  itself;  and,  in  addition,  for  a  concen- 
trated load  of  40  tons  on  a  20  ft.  wheel-base  on  each  track.  Of  these  loads  the 
sidewalks  are  assumed  to  bear  100  lbs.  per  square  foot.  The  maximum  stresses 
in  lbs.  per  square  inch  of  cross  section  aue  to  these  loads  are:  in  the  iron  floor- 
hangers,  8000;  in  steel  compression  members,  9800  to  13,200;  in  steel  eye-bars, 
15,000;  shear  in  rivets  and  pins,  10,000;  fibre  stress  in  rivets  and  pins,  20,000; 
on  steel  in  rivet  and  pin  holes,  18,000.  Cost  of  entire  bridge,  including  piers, 
plate-girder  spans,  ana  approaches,  about  $460,000. 

In  the  bowstring  trtiss,  Fig.  35,  owing  to  want  of  headway  near  the  ends, 
the  overhead  lateral  bracing  can  extend  only  for  some  distance  each  way  from 


Fig.  35,  Bowstring 


the  center  of  the  span.  In  short  spans  with  low  trusses  this  defeet  is  not  felt 
In  longer  ones  the  trusses  may  be  braced  by  placing  the  roadway  some  distance 
above  the  chord.  The  bowstring  is  now  rarely  used  for  railroad  bridges,  but 
frequently  for  highway  bridges  and  for  roofs.    For  stresses,  see  p.  588. 

*  Transactions,  American  Society  of  Civil  Engineers,  September,  1883. 
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The  Loch  Ken  vladuct«  Scotland,  of  130  ft  clear  span,  and  J  8  ft  high, 
has  two  trasses,  18  ft  8  ins  apart  clear,  for  single-track  railroad,  on  the  Bowstring 
principle,  Fig  36,  omitting  only  the  verts;  which,  however,  affects  the  strains  on  the 
obliques.  For  convenience  of  construction,  it  was  built  chiefly  of  rolled  channel- 
iron,  (see  t  ty)  of  8  ins  by  4,  by  4,'  by  %  inch. 


In  she  State  of  New  Xorfc  are  many  much  •  used  bridyea  for  common 
travel,  hy  Mr.  Wtltpple,  of  100  feet  span,  and  12l£  ft  rise ;  with  two  trusses  19 
ft  apart  from  center  to  center ;  for  two  roadways ;  and  having  two  outside  footways, 
each  6  ft  wide.  Each  truss  has  V  panels,  braced  altogether  by  vert  and  oblique  tie- 
rods  (no  struts)  arranged  as  in  Fig  35.  The  verts  next  the  center  of  each  truss,  consist 
each  of  two  rods  of  1%  ins  diam,  welded  together  at  top ;  and  straddling  2  ft  at  bottom. 
The  other  verts  are  single,  and  2  ins  diam.  The  obliques  are  all  single,  and  1%  i  ns  diam. 
The  arches  are  of  cast-iron .  The  transverse  area  of  metal  of  each  arch  is  1 8  sq  ins  at  the 
crown;  and  21  sq  ins  at  the  spring.  The  shape  of  arch  transversely  resembles  a  channel- 
iron  with  its  back  upward ;  the  total  depth  of  flange  7  ins ;  the  width  of  arch  on  top,  11 
ins  at  center  of  span;  but  increasing  uniformly  by  means  of  wide  open-work  on  top, 
to  3  ft  at  springs.  Bach  consists  of  9  straight  segments,  held  together  at  their  but* 
ting  flanges,  by  the  verts  themselves;  which  pass  through  them, and  have  screws  and 
nuts  at  their  ends.  The  screw-ends  are  not  upset.  The  thickness  of  metal  in  the 
arches  nowhere  varies  much  from  %  inch.  Under  the  floor,  and  between  the  trusses, 
are  horizontal  diagonal  braces  of  rods  %  inch  diam ;  two  of  them  to  each  panel ;  each 
of  them  with  a  tightening  swivel.  The  chord  of  each  arch  consists  of  4  rods  of  2  ins 
diam.  In  the  same  State,  are  also  many  similar  common  road  bridges  of  72  ft  span. 
Rise  9  ft ;  two  trusses,  19  ft  apart  from  center  to  center ;  *  and  two  outside  footways 
of  6  ft  each  in  addition.  Each  truss  has  7  panels,  with  vert  and  oblique  ties,  as  in  Fig  36* 
Each  cast-iron  arch  is  in  7  straight  segments,  of  the  same  shape  as  the  foregoing; 
with  a  cross-area  of  metal  of  about  12  and  16  sq  ins.  Its  width  at  center  of  truss  10 
ins;  at  springs,  30  ins.  The  two  verts  next  the  center  of  each  truss,  consist  each  of  2 
rods  of  X%  diam ;  the  other  verts  are  single,  each  1%  diam.  The  obliques  are  all 
single,  1  inch  diam.  The  chord  or  string  of  each  arch,  is  4  rods  of  \%  inch  diam/ 
Horisontal  diag  bracing  of  %  inch  rods  under  the  flo^r,  win  the  focegolng. 

Some  cast-iron  bridges  of  the  Severn  Valley  Railroad, 
Knsjland,  of  200  ft  clear  span,  consist  of  arches  rising  20  ft,  and  supporting  the 
railroad  on  a  level  with  the  tops  of  the  arches.  There  are  no  diagonals  between  the 
arche*  and  the  roadway ;  but  cast-iron  verticals  only,  placed  4  ft  apart.  The  railroad 
is  double  track ;  and  there  are  four  arches,  one  under  each  line  of  rails.  The  trans- 
verse section  of  an  arch  is  I-shaped ;  each  flange  is  15V£  ins  wide,  by  2  ins  deep;  the 
web  is  2  ins  thick.  Total  depth  at  center  of  span,  4  ft ;  and  at  the  skewlmcks,  4  ft 
9  ins.  Transverse  area  of  each  rib  at  crown,  160  sq  ins.  Each  arch  is  cast  in  9  seg- 
ments of  equal  length. 

The  cast-iron  fcrlda*  across. the  hshnjrlklH  atCheotnntSt, 
Phils.  Strickland  Kneass,  Esq,  Engineer,  roadway  on  top,  has  two  arches  of  185  ft 
clear  span  each,  and  20  ft  rise.  Clear  width,  42  ft.  Each  arch  has  6  ribs,  about  8  ft 
apart  in  the  clear;  and  of  the  uniform  depth  of  4  feet,  including  a  hor  top  rib  8  ins 
wide;  and  a  similar  one«t  the  bottom.  Thickness  everywhere 2^ ins;  thus  giving  to 
each  rib  a  transverse  area  of  147  Vsq  ins.  The  standards  are  vert,  with  ornamenta- 
tion. It  is  a  city  street  bridge.  The  roadway  consists  of  cast-iron  plates,  which  sup- 
port a  pavement  of  cubical  blocks  of  granite,  laid  in  gravel.  The  arches  are  cast  in 
segments  12  ft  10  ins  long ;  each  with  end  flanges  12  ins  wide,  for  bolting  them  to- 
gether with  four  1%  inch  diam  screw-bolts  at  each  end.  For  a  change  of  tempera- 
sure  from  12°  to  99°  Fah,  the  crowns  of  the  arches  rise  2-r\  ins.  Under  a  uniform 
extraneous  load  of  100  ras  per  sq  foot,  the  greatest  pres  on  the  arches  is  but  3600  fta 

*  With  only  two  trusses,  the  width  between  them,  In  the  clear,  should  not  be  (ess  than  16  ft,  to 
allow  two  ordinary  yehtoie*  to  pes*  each  other  readily ;  bat  18  or  90  ft  is  still  better;  more  would  be 
when  there  are  outside  footway*.    The  headway  should  not  be  less  than  13  ft. 
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per  sq  inch  of  their  cross-section ;  or  not  more  than  x$  of  the  ultimate  crushing 
strength  of  average  cast  iron,  in  short  blocks. 

The  NoMlejr  Bridge,  Figs  3%  by  Thot.  W.  H.  ftfoseley,  of  Kentucky,  is 
essentially  a  wrought-iron  Bowstring,  with  a  hollow  plate-iron  arch  of  triangular 
cross-section,  apex  up;  and  formed  of  three  plates  riveted  together;  the  two  side- 
plates,  a  o,  ac,  having  their  top  and  bottom 
edges  bent  to  form  flanges  for  this  purpose. 
The  chords  o  e ;  the  verts ;  and  the  two  counter- 
arches  tt\  are  also  of  iron.  These  counter- 
arches  are  intended  as  a  substitute  for  the  ob- 
liques of  Fig  36.  Each  of  them  consists  of  two 
angle-irons,  back  to  back,  riveted  together, 

and  to  the  verticals,  which  pass  between  them.  jp-  _jc  3 

Each  of  them  has  a  sectional  area  equal  to  Jiyo  ^ 

half  that  of  the  main  arch.  The  verticals  are 
placed  about  2  ft  apart.  They  are  flat  (not 
square)  btfrs,  for  convenience  of  riveting.  They 
pass  through  holes  in  the  bottom-plate  of  the 
main  arch,  (see  dotted  line  of  top  Fig,)  and  are 
fastened  at  a  by  the  same  rivets  which  connect 
the  upper  flanges  of  the  two  side-plates,  a  6,  a  c.  The  chords,  oe,  are  also  flat  bars : 
and  have  a  transverse  area  half  as  great  as  that  of  the  main  arches.  At  their  ends 
they  are  attached  to  strong  wrought-iron  shoes  upon  which  the  feet  of  the  main 
arches  rest  and  abut.  The  rise  of  the  main  arches,  measured  to  the  bottom  of  the 
arch,  is  J  or  ^  of  the  clear  span. 

The  following  are  the  principal  dimensions  of  a  single-track  bridge  of  03  ft  clear 
span,  (07  ft  from  out  to  out  of  arch,)  carrying  the  "  Iron  Railroad  "  at  Irontoa,  Ohio. 
It  was  built  in  I860,  and  is  traversed  by  heavy  engines  with  trains  of  pig  iron,  coal, 
Ac.  Rise  to  bottom  of  arch  10%  ft;  to  middle  of  arch  11  ft.  Bottom-plate  $$  of  arch, 
16%  ins,  by  .44  inch.  Side-plates  a  6,  a  c,  in  clear  of  flanges,  14%  ins,  by  .29  inch. 
Top  flanges  at  a,  each  3  ins.  Bottom  flanges  b  and  c,  each  1.86  ins.  Vert  rods,  3  ins, 
»y  %  >nch ;  and  2  ft  apart  from  center  to  center.  The  chord  of  each  arch  consists  of 
two  flat  bars,  each  of  4%  sq  ins  of  cross-eection.  The  bridge  was  tested  for  three 
weeks  by  a  dead  load  of  %  a  ton ;  and  a  rolling  load  of  1  ton  at  the  same  time,  per 
foot  ran ;  and  deflected  only  %  men.  With  a  load  of  1  ton  per  foot,  the  pressure  at 
the  center  of  the  arches  would  be  about  6  %  tons  per  sq  inch  of  metal ;  and  a  trifle 
mora  at  the  feet.  The  sectional  area  of  metal  in  each  main  arch  is  18%  sq  ins.  These 
bridges  are  of  easy  construction,  and  consequently  cheap.  For  long  spans,  vert 
diagonal  bracing  (see  Fig  86)  would  probably  be  essential  for  preserving  the  form 
of  the  arches  under  heavy  moving  loads.* 

Ad  iron  arch  roof  in  Philadelphia,  clear  span  80  ft,  rise  16  ft,  con- 
sjata  of  a  uniform  arch  of  single  7-teeh  Phoenix  l»eam  of  6sq  inspection*)  area;  weigh- 
ing 20  lbs  per  foot.  This  rests  on  cast-iron  shoes  on  the  walls.  The  nor  oherd  or  tie 
at  the  feet,  is  of  two  rods  of  1%  diam.  At  the  center  of  this  tie  is  an  arrangement 
similar  to  No.  15,  of  page  683,  from  which  diverge  upward,  to  the  arch,  a  central  vert 
rod  1  inch  diam ;  two  struts  of  6-inch  Phoenix  beam,  20  ft  apart  at  the  arch ;  and  two 
ties  each  1%  diam,  reaching  the  arch  at  half-way  between  the  struts  and  the  feet  of 
the  arch.  There  are  10  such  trusses,  each  of  which  by  itself  weighs  about  3000  lbs; 
they  are  placed  16  ft  apart ;  and  by  means  of  purlins  resting  upon  them,  support  the 
entire  weight  of  the  roof,  which  is  of  inch  boards,  covered  by  thin  sheet-iron. 

The  Iran  woe*  af  «  rallt«jr»s«iH  ma*  ssaatan,  last,  of  abeat  80 
ft  span,  and  16  ft  rise,  has  arches  of  the  Moseley  section  a,  6,  c,  Fig  36$£;  but  without 
counter  arches.  The  trusses  are  12  ft  apart  Sides  of  the  arches,  clear  of  the  flanges, 
7  ins ;  upper  flanges,  2  ins ;  lower  ones.  1  inch ;  total  of  each  side,  10  ins,  by  .10  inch  thick. 
Bottom  plate  8%  inch  by%  inch  thick.  Total  sectional  area  of  an  arch,  6.026  sq  ins. 
There  are  besides,  a  chord;  and  24  vert  suspending  rods ;  but  no  obliques.  The  roof 
is  covered  with  corrugated  iron,  on  purlins.  When  required,  the  heavy  iron  rolls  of 
the  mill  are  lifted  by  tackle  supported  by  a  roof-truss. 

Figs  36,  represent  the  Burr  trass;  which  was  formerly  more  used 


•  Although  this  bridge  seems  to  here  stood  very  well  for  several  years,  tee  writer  weald  prefer  net 
to  eaoeed  two  toon  of  compressive  strain  per  aq  inon  on  mtott-inn  In  sueh  stroeUrea.  la  several 
bridges,  General  Ifoaeley  has  lined  a  continuous  web  of  \i  Inch  Iron,  instead  of  the  vert  suspenders. 
But  In  suoh  oases  tbe  triangular  tube  is  not  applicable  for  the  arch ;  and  be  substitutes  two  1  bars, 
riveted  together,  and  to  the  web,  w,  wbtoh  passes  between  them,  as  In  tbe  foregoing  fig.  Tbe  eovntar 
•robes  belog  here  unnecessary,  are  omitted.  This  web  would  be  objeetloaabM  in  large  tpaas,  esse* 
daily  of  draw-bridges,  on  aoooant  of  the  wind.  More  recently  still,  be  has  also  Introduced 
lattices,  instead  of  vert  bars,  in  some  of  his  bridges ;  together  with  many  innovations  on  the  arrange* 
neat  first  deaorlbed.    At  1  ton  per  ft  run,  the  pull  oa  the  chord  above, =11  teas  per  sq  la. 
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than  any  other  In  the  United  States.  It  Is  at  present  regarded  with  disfavor  by  scaea, 
because  many  early  ones  tailed  under  railroad  traffic,  in  consequence  of  bad  propor- 
tions, and  the  absence  (as  in  can*  Fig  86)  of  connterbracing.  When  properly  con- 
Stracted  It  makes  an  excellent  bridge.  The  common  objection  to  it,  and  not  without 
reason,  is  that  a  truss  and  an  arch  cannot  be  so  combined  as  to  act  entirely  in  con* 
cert;  yet,  as  soon  as  any  ordinary  truss  begins  to  mil,  the  almost  invariable  remedy 
ie  to  add  an  arch.  When,  however,  the  two  are  to  be  united,  it  is  better  to  so  pro- 
portion the  arch  as  to  be  capable  by  itself  of  safely  sustaining  the  max  load  at  rest/ 


and  to  confine  the  duty  of  the  truss  to  preventing  the  arch  from  changing  its  form 
under  a  moving  load.  Gounterbracing  may  be  effected  by  strapping  the  heads  and 
feet  of  the  braces  to  the  chorda ;  or  by  iron  rods  parallel  to  the  braces ;  two  to  a 
brace ;  with  screws  and  nuts,  as  at  v/.  Or  by  similar  rods  across  the  other  diags  of 
the  panels.  The  following  dimensions  answer  for  a  single-track  R  R 
bridge  of  about  150  ft  span.  Rise  from  out  to  out  of  chords  one-eighth  of  the  span ; 
about  fourteen  or  sixteen  panels.  Width  in  clear  of  arches,  14  ft.  Six  arch-pieces 
/,  of  10"  X  13"  each,  to  each  truss.  Upper  chord  c,  14"  X  16".  Lower  chord  a  a, 
two  pieces  each  10"  X  16"-  Posts  p,  14"  transversely  of  the  bridge,  as  in  the  right- 
hand  fig;  by  10";  except  at  the  heads  and  feet,  where  enlarged  to  receive  the  ends 
of  the  braces.  Braces  10"  deep,  by  13"  wide.  Floor  girders  o,  10"  X  16";  and  2^ 
to  3  ft  apart  from  center  to  center.  Suspending  rods  (shown  at  s;  and  dotted  in  x) 
1%  diam.  Counter  brace  rods  in  pairs  parallel  to  braces,  about  1J^"  diam.  Bolts 
for  arches,  lower  chords,  Ac,  \%"  diam.  Theoretically,  the  posts,  braces,  and  arches 
should  gradually  diminish  from  the  ends,  toward  the  center  of  the  truss ;  while  the 
chords  should  increase ;  but  in  practice,  the  additional  labor  of  getting  out  and  fitting 
pieces  of  diff  sizes,  frequently  makes  it  mote  economical  to  use  uniform  sizes.*  The 
same  amount  of  arch  would  answer  also,  if  trussed,  as  in  Fig  35 ;  and  the  arch  by 
itself  with  a  full  max  load,  would  be  strained  less  than  800  lbs  per  sq  inch,  at  its  feet. 
For  a  span  of  200  ft,  with  the  same  proportion  of  rise,  the  transverse  areas  of  the 
several  arch  and  truss  pieces  should  be  increased  33  per  cent ;  and  for  one  of  100  ft, 
they  may  be  diminished  the  same.  None  of  these  dimensions  are  the  result  of  close 
calculation.  The  dimensions  just  given  will  answer  for  common  travel,  for  a  span  of 
200  ft ;  with  a  depth  from  out  to  out  of  chords,  of  %  the  span ;  panels  10  to  12  ft  long. 

Many  such  spans  have  been  built  with  timbers  of  about  -J  less  transverse  section: 
and  without  connterbracing.  The  heads  of  the  posts  are  notched  about  2"  to  3"  into 
the  bottom  of  the  upper  chords ;  and  are  moreover  tenoned  into  it  some  ins  further : 
with  two  wooden  pins  through  the  tenon ;  see  n,  Figs  36.  Their  feet  are  notched 
both  into  and  upon  the  lower  chords,  so  as  to  leave  the  two  chord-pieces  a  a  only 
about  2"  apart.    Through  these  and  the  post  pass  two  bolts  of  about  1"  to  V-A  diam. 

Since  the  upper  chord  resists  compression  only,  its  pieces  may  come  together  with 
a  plain  butt  joint,  d.  To  this  may  be  added  fishes  e  d,  of  stout  plank,  on  the  sides 
of  the  chord,  bolted  through  by  4  or  8  bolts. 

The  lower  chords  resist  pull ;  and  the  pieces  composing  each  lower  chord  must 
therefore  be  joined  together  These  pieces  should  be  as 

*  It  will  be  borne  in  mind  tbat  oar  examples  are  not  intended  to  Illustrate  perfectly  proportioned 
■truotures.  None  or  them  would  endure  strict  criticism.  There  is  more  waste  of  timber  in  an  arch 
built  with  a  uniform  transverse  seetion  throughout,  than  in  the  straight  upper  chord  of  a  Howe  or 
Pratt  similarly  built;  for  both  must  be  proportioned  to  the  greatest  strain.  This  is  at  the  oenter  of 
the  two  last;  bat  while  that  at  the  oenter  of  the  arch  is  as  great  as  la  these,  tbat  at  it*  fleet  is  much 
greater.    Sea  Kzample  2,  Art  38,  of  Force  in  Rigid  Bodies. 
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kmg  as  possible,  and  should  never  be  Jointed  opposite  to  each  other,  but  one  opposite 
the  middle  of  the  other. 

The  braces  are  merely  cut  to  fit  to  the  heads  and  feet  of  the  posts,  after  these  last 
have  been  fixed  in  their  places ;  and  usually  have  no  other  connection  to  them  than 
one  or  two  spikes  at  each  end,  for  small  bridges ;  or  screw-bolts  for  large  ones. 

The  ends  of  the  timbers  composing  the  arches,  butt  full  square  against  each  other; 
and  mayalso  have  a  wooden  dowel.  The  joiuts  should  occur  at  the  posts,  as  shown 
at  W.  The  arches  are  screw-bolted  to  the  posts,  as  shown  in  the  figs,  by  bolts  of  1  to 
\XA  ins  diam.  Where  the  arches  pass  the  lower  chord,  both  are  notched,  and  well 
bolted  together.    The  feet  of  the  arches  abut  against  cast-iron  plates. 

When  suspension  rods  (dotted  in  Fig  36)  are  used  for  assisting  to  support  the  road- 
way, they  are  placed  as  shown  at  s  s ;  m  being  a  strong  block  of  wood  slightly  notched 
on  top  of  the  upper  arch-pieces.  The  rods  are  suspended  by  a  washer  and  nut  on  top 
of  the  block ;  and  after  passing  down  between  the  arches  and  chord,  have  a  similai 
arrangement,  but  inverted,  below  the  last ;  as  shown  at  g. 
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FiK.  44. 


If  ft  lotiar  %eant,  «  6,  Figs  46  and  47,  requires  tm  be  strengthened, 

this  may  be  done  by  adding  a  vert  poet  dc\  and  2  inclined  tie-rods  ea,cb.  And  if, 
after  this,  the  two  halves,  d  o,  d  6,  of  the  beam  still  are  found  to  be  too  weak,  addi- 
tional intermediate  posts,  oo,  may  be  introduced ;  with  other  ties,  ij,  to  sustain  them. 

.In  Figs  45  and  47,  the  roadway 

,& a \m  is  at  the  chord  a  b ;  no  parallel 

lower  chord  being  necessary,  it 
may  be  omitted.  The  inclined 
ties  act  as  substitutes  for  it.  But 
if  the  bridge  is  so  near  the  water 
as  not  to  allow  the  posts  and  ties 
to  be  placed  beneath  the  roadway 
a  6,  we  may  raise  the  entire  truss 
upon  two  posts  or  piers  «  «,  Figs 
44,46;  and  place  the  roadway 
n  n,  at  the  lower  ends  of  the  posts 
and  ties ;  instead  of  letting  it  rest  on  top  of  the  chord,  as  in  Figs  45  and  47.  In  Figs 
44  and  46,  the  truss  and  its  load  do  not  then  rest  directly  upon  the  abuts  y  y,  but 

upon  the  tops  of  the  posts 
-i  -i  «,  $;  and  the  only  part  that 

-*  D  does  rest  directly  on  the 

abuts,  is  one-hatf  of  that 
small  portion  of  the  road- 
way comprised  at  each  end, 
between  e  and  n ;  in  other 
words,  only  one  half  the  wt 
of  the  roadway  of  the  end 
panels;  the  other  half  being 
sustained  by  the  inclined 
ties  which  meet  at  e. 
When  the  tie-rods  all  pass 
from  the  feet  of  the  posts  to  the 
ends  of  the  chords,  as  in  Figs 
44  and  45,  we  have  the  Boll- 
BUMtrnH.   And  when,  as 
in  Figs  46  and  47,  only  those 
which  sustain  the  center  post 
d  e,  both  pass  to  the  ends  of 
the  chord,  while  the  others 
are  disposed  as  in  said  figs,  the 


BOLLMAN 
Fig.  46. 


A  Tt   m  \    1   1l    m  Kl 


Fig.  46. 


Fink  truM  it  the  lesult 


Fig.  47. 
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Areas  iu  sq  inn. 


*I 

ft. 

2 

09 

o 
•a 

86 
40 
46 
60 
60 
70 
00 


For  8pa„B  not  exceedlnjr  ys  fee^ 

W«i».i.*        „  (Pla*e  girdere.) 

Weight  per  foot  run  (M  above)  =  5  X  span  .  feet  +  60  V  ,y _ 

For  spans  of  from  75  to  250  fe^*5151^ 

Wei***        ,  (Pratt•  WhipP,e-  or  *««»  truMea  t 

Weight  per  foot  run  (see  above)  =  4  5  y  «,„.„  i„  7T!'L 

».  '      *-°  *  8P*n  in  feet  +  22  y  i/S^n — z 

For  ap»IIS  exceeding  250  **£*  ^^«T^ST 
(Trusses  of  various  designs.) 

Weight  per  foot  run  (see  above)  =  -i?^1* in  fee* 
~~^y — ~ — __ 60  H  600. 

that  Ku^TeyjT.^^^ 

formula,  of  any  kind      "My  m°r  w'd"»  <*>».  thoae  obhSSd  b^SSp^  "°  *"* 
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Table  of  approximate  weights  of  single- track  Iron  railroad 
bridges  of  standard  (4  ft  8 1*2  incites)  gaage. 


Span. 

Weight  of  the  two  trusses,  or  main  girders,  and  their  lateral  bracing. 

Feet 

Lbs  per  foot  run  of  span. 

Lbs  total. 

20 

325 

6500' 

30 

425 

13000 

40 

50 

520 
600 

21000 
30000 

•  Plate  girders. 

00 

690 

41000 

70 

770 

54000 

80 

550 

440001 

100 
150 

670 
940 

67000 
141000 

Pratt,  Whipple,  or  Warren 
trusses. 

200 

1200 

240000 

250 

1500 

375000 

300 

2000 

6000001 

400* 
500* 

3200 
4700 

1280000 
2350000 

•  Trusses  of  various  designs. 

600* 

6500 

3900000 

For  doable  traelt  bridges  add  80  per  cent  to  the  weight  of  single-track  ones 
as  obtained  by  the  formulae. 

For  narrow  gauge  bridges  take  75  per  cent  of  the  weights  for  standard  gauge 
ones  as  given  by  the  formulae. 

Iron  floor  Systems,  with  two  stringers  under  each  track  and  adapted  for 
heavy  loads,  such  as  A  p  546,  may  be  taken  as  weighing  approximately  as  follows : 


*> 

Span,  in  feet. 

Weight  of  iron  floor  Bystem,  in  pounds  per  foot  run. 

Single  track. 

Double  track. 

20  to  100 

200  to  275 

650  to  700 

100  to  250 

250  to  350 

700  to  850 

250  to  300 

325  to  400 

750  to  900 

300  to  400 

375  to  450 

«i 

400  to  500 

425  to  500 

it 

500  to  600 

475  to  575 

800  to  1000 

Two  iron  safety  stringers  will  together  weigh  about  150  lbs  per  foot  run. 

For  wooden  floor  systems,  we  may,  as  a  rude  average,  set  down  for  spans 
not  exceeding  about  200  feet,  cross  floor  girders  of  about  7"  X 15",  and  about  1%  to  3 
feet  apart,  from  center  to  center;  clear  span  14  feet;  together  with  substantial  string- 
pieces  of  about  10"  X 12",  for  supporting  the  rails ;  the  rails  themselves ;  and  a  plank 
pathway  between  the  rails,  all  complete,  at  about  .14  ton,  or  314  lbs,  per  foot  of  span; 
or  with  a  full  floor  of  3"  plank,  14  feet  wide,  about  .2  ton,  or  448  lbs.  For  greater 
spans,  with  the  trusses  farther  apart,  increase  this  to  .25  ton,  up  to  300  feet;  .3  ton, 
to  400  feet;  .35  ton,  to  500  feet;  and  .4  ton,  to  600  feet. 

Two  safety  Stringers  will  together  weigh  about  100  to  150  lbs  per  foot  run. 

When  a  bridge  is  to  be  roofed  and  weather-boarded,  an  addition  must,  of  course, 
be  made  to  onr  weights. 

Wooden  bridges  weigh  about  the  same  as  iron  ones  of  equal  strength. 

In  the  Northern  Pacific  R  R  bridge  over  the  Missouri  River,  at  Bismarck,  Dak, 
built  1881-2,  the  two  inverted  bowstring  trusses  of  the  115-foot  approach  spans,  weigh 
(together)  .88  ton  per  foot  run;  two  Pratt  trusses  of  the  400-foot  channel  spans,  1.09 

tons. 

Two  trusses  of  the  Newark  Dyke  bridge,  England,  Warren  girder,  240%  foot  span, 
weigh  1.02  tons.  The  single-track  tubes  of  the  Victoria  bridge  at  Montreal,  244  feet 
span,  1.14  tons ;  the  330  foot  span,  2  tons.  The  single-track  Britannia  tube,  Eng,  460 
feet  span,  3.43  tons.  Two  trusses  alone,  of  the  Penna  R  R,  at  Philadelphia,  180  foot 
span  (Pratt's  system,)  by  Mr  Linville,  .52  ton.  The  fine  320  foot  span  across  the  Ohio 
at  Steubenville,  (Pratt,)*  also  by  Mr  Linville,  1.6  tons  per  foot.  All  these  are  of  iron ; 
single  track. 

*  See  foot-note  (*),  page  604. 
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The  fveateat  load  that  can  come  upon  a  bridge, 


If  for  a  single- traok  rail* 
road,  can  scarcely  exceed 
that  of  a  string  of  heavy 
locomotives  coupled  to- 
gether, without  their  ten* 
ders.  Such  engines  will 
weigh  from  one  to  two 
tons  per  foot  of  their  ex- 
treme length  but  a  long 
string  of  such,  without 
their  tenders,  is  hardly 
probable. 


Oar  table  on  page 
605  makes  sufficient  al- 
lowance for  the  greater 
loads  per  ft  run  that  mar 
probably  come  upon  small 
spans.  The  diffs  between 
our  4th  audffth  cols  will 
give  our  assumed  max 
loads. 

On  very  small  spans 
the  loads  oaonot  be  as* 
suraed  to  be  equally  dis- 
tributed. On  bridges  for 
turnpikes  and  common 
roads,  no  probable  contin- 
gency could  crowd  people 
upon  them  to  such  an  ex- 
tent as  to  weigh  more  than 

00  lbs  per  sq  ft  of  floor. 
The  French  standard  in- 
deed is  but  hair  of  this, 
or  42  lbs  per  sq  ft ;  and 
Is  sufficient  for  probabil- 
ity, but  not  tor  possibility. 
The  latter  may  increase  it 
to  80  lbs;  and  this  may 
safely  be  taken  as  the 
maximum  load  on  spans 
of  20  or  more  feet.  To 
compensate,  however, 
for  momentum,  we  re- 
commend to  adopt  100  lbs, 
or  .045  of  a  ton,  as  the 
limit  for  orowds.  t  A 
bridge  for  a  singje- traok 
carriage-way ;  with  room 
between  the  trusses  for  a 
footway  also,  should  not 
be  less  than  12  ft  wide  In 
the  clear ;  in  wbioh  case 
its  greatest  load  at  100 
lbs  per  sq  ft,  would  be  % 
a  ton  per  ft  run ;  or  if  24 
ft  wide,  with  but  two  tras- 
ses, the  load  would  be  full 

1  ton  per  ft  run. 


But  in  a  eom- 
mon  bridge  also,  the  great- 
est load  per  ft  run,  on  a 
very  short  span,  will  be 
greater  than  in  a  long 
one ;  as  in  the  case  of  two 
wheels  of  a  truck  hauling 
a  large  block  of  stone,  Ac ; 
and  this  must  be  taken 
into  consideration  in 
building  suoh. 


t  The  engineers  of  the  Chelsea  bridge,  London,  packed  picked  men  upon  the  platform  of  a  weigh- 
bridge; with  a  result  or  84  lbs  per  sq  ft.  Mr  Nash,  architect  of  Buckingham  Palace,  experimenting 
with  reference  to  Are- proof  floors  for  that  building,  wedged  men  together  as  closely  as  they  eould  pos- 
sibly stand  upon  an  area  of  20  ft  diam ;  the  last  man  being  lowered  down  from  above,  among  the 
others.    Result,  120  lbs  per  sq  ft.    See  foot- note  p  62S. 


TEUSSE3. 


607 


It  nasi  also  be  remembered  that  each  transverse  floor-girder  must  bear  at  least  all 
the  weight  resting  upon  two  wheels ;  no  matter  how  close  together  the  girders  may 
be  placed.  If  they  are  farther  apart  than  the  dist  between  two  axles  of  a  vehicle, 
they  will  have  to  bear  more  than  the  load  on  one  pair  of  wheels. 

The  allowance  for  safety  In  a  trass  bridge. 

A*  the  result  of  a  long-continued  series  of  deflections  applied  to  an  experimental  plate-iron  girder 
of  20  ft  span,  Mr  Fairbairn  ooucludes  that  a  bridge  subject  to  100  defleetious  per  day,  each  equal  to 
that  produced  by  %  of  its  extraneous  breaking  load,  would  probably  break  down  in  about  8  years ; 
while,  with  100  dally  deflections  equal  to  that  arising  from  but  %  of  its  breaking  load,  it  would  last 
fully  300  years.  We  are  of  the.  opinion  that  a  bridge  should  not  have  a  safety  of  less  than  4  for  its 
max  extraneous  load,  and  Its  swi  weight*  combined;  nor  do  we  see  any  use  in  exceeding  6.  From 
4  to  5  may  be  used  in  temporary  structures,  or  in  those  rarely  exposed  to  maximum  strains ;  and  «  In 
more  Important  ones  frequently  so  exposed.  The  last  will  (roughly  speaking)  generally  give  a  safety 
of  about  z  against  reaching  the  elastle  strength,  which  is  the  true  guide  in  such  matters.  But  4,  6, 
eta,  usually  refer  to  the  -m-^tT  or  breaking-down  strength  \  so  that  a  trass  with  —ell  a  safety 
af  x  would  in  fact  be  very  unsafe. 

On  the  eamber  of  trass  bridges.  In  practice,  the  upper  and 
lower  chords  of  bridges  are  not  made  perfectly  straight,  but  are  curved  slightly  up- 
ward ;  and  this  curve  is  called  the  eamber  of  the  truss  or  bridge.  Its  object  is  to 
prevent  the  truss  from  bending  down  below  a  hor  line  when  heavily  loaded.  A  cam* 
bered  chord  is  of  course  longer  than  a  straight  line  uniting  its  ends  ;  but  in  practice 
the  cainl>er  is  so  small  that  this  diff  is  inappreciable,  and  may  be  entirely  neglected. 
But  when  the  chords  are  cambered,  (see  y  *  and  c  d,  Fig  51,)  they  become  concentric 
arcs  of  two  large  circles,  of  which  the  center  is  at  t ;  and  the  upper  one  plainly  be- 
comes longer  than  the  lower,  to  an  extent  which,  although  much  exaggerated  in  our 
Jig,  cannot  be  overlooked  in  practice.  The  verticals,  instead  of  remaining  truly  vert, 
become  portions  of  radii  of  the  aforesaid  large  circles ;  and  although  their  lengths 
remain  the  same,  yet  their  tops  become  a  little  farther  apart  than  their  feet ;  and 
this  renders  it  necessary  to  lengthen  the  obliques  or  diags  a  trifle.  Therefore,  we 
must  find  how  great  is  this  increase  of  length  of  the  upper  chord  beyond  the  lower 
one ;  and  divide  it  equally  among  all  the  panels,  along  said  chord ;  otherwise  the 
several  parts  of  the  truss  will  not  fit  accurately  together. 

lot.  To  And  the  amount  of  camber  of  the  lower  chord.  Di- 
vide the  span  in  feet,  (measured  from  center  to  center  of  the  outer  panel-points,) 
by  50.    The  quot  will  be  a  sufficient  camber,  in  inches;  as  shown  in  the  following 

Table  of "eambers  for  bridge  trnsses. 


Spaa. 
Feet. 

Camber. 
Ins. 

Span. 
Feet. 

Camber. 
Ins. 

Span, 
Feet. 

Camber. 
Ins. 

25 
50 
75 

0.5 
1.0 
1.5 

100 
150 
200 

3.0 
3.0 
4.0 

250 
300 
850 

5.0 
6.0 
7.0 

i.  1.  It  is  by  no  means  necessary  to  adhere  strictly  to  this  rule ;  and  the 
camber  by  experienced  builders  of  Iron  bridges  is  often  but  one-half  the 
above,  or  1  inch  per  100  ft  of  span. 

Ben.  2.  A  well  built  bridge  of  good  design  should  not,  under  its  greatest 
load,  deflect  more  than  about  1  inch  for  each  100  feet  of  its  span.  The  deflec- 
tion is  frequently  much  less  than  this. 

2d.  To  find  ttoe  Increase  of  length  In  the  upper  chord. 

beyond  the  lower  one,  having  the  span;  the  depth  of  truss;  and  the  camber;  (all 
in  feet,  or  all  in  ins.) 

With  any  camber  not  exceeding  JL.  of  the  span ;  (which,  however,  Is  about  7  times  as  great  as  is 

usually  given  to  trusses ;)  mult  together  the  depth  of  truss,  the  camber,  and  the  number  8 ;  div  the 
prod  by  toe  spaa.  The  quot  will  be  the  Increase,  in  ft,  or  in  ins,  as  the  ease  may  be.  Or  as  a  formula, 

Increase  in  ft,  ~  dQ>th  *  camber  X  8    &  in  ^  .  ^ 
or  in  in*,  span,  all  in  inches. 

This  rule  may  be  considered  practically  perfect  with  any  camber  not  exceeding  -j^j 
of  the  span.  Based  upon  this  principle,  we  have  prepared  the  following  table,  which 
may  be  used  instead  of  making  the  above  calculations. 
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Table  for  finding  increase  of  lengrtfti  of 

lower  one. 


Depth 

of 
Truss. 

Molt 

Camber 

by 

Depth 

Trnss. 

Malt 

Cambjr 

by 

Depth 
of 

Truss. 

Mult 

Camber 

by 

Depth 
of 

Truss. 

MaM 

Camber 

t>7 

Kspaa. 
1-5  " 

%    " 
1-7   " 

2.00 
1.09 
1.53 
1.16 

Xspaa. 
1.9    " 
1-10 '« 
1-11  " 

1.00 

.800 

.727 

1-12  spaa. 
1-18    " 
1-14    " 
1-16    " 

•l»Ov 

.614 
.571 
.538 

1-16  spaa. 
1  17    " 
1-18    * 
1-20    ** 

.500 
.470 
.444 
.400 

Ex.  How  much  longer  is  the  upper  chord  than  the  lower  one,  when  the  depth  of 
the  trass  to  y  of  the  span ;  and  tb#  camber  5  ins?  Here  in  the  table,  and  opposite  \ 
span,  we  find  the  multiplier  1.15.    Therefore,  5  ins  X  1-15  =  5.75  ins,  Ana.  If  the 

truss  has  say  8  panels,  then  -^-  =  .72  inch  of  this  increase  must  be  given  to  each 

panel,  along  the  upper  chord. 

The  length  of  a  ding,  or  oblique,  b  c,  Fig  60,  may  readily  be  tanmi 
thus :  Let  a  s  n  c  in  this  fig  represent  a  panel  when  there 
is  no  camber;  then  obne  will  represent  a  panel  when 
there  is  a  camber ;  and  o  a  and  «  6  together  are  the 
portion  of  the  increased  length  of  upper  chord  given  to 
each  panel ;  but  to  an  exaggerated  scale.  Now,  to  find 
b  c,  we  have  the  right-angled  triangle  a  6  c,  in  which  we 
know  the  side  a  c,  (the  depth  of  truss ;)  and  the  side  a  o, 
(equal  to  the  panel  width  en  on  the  lower  chord;  added 
to  *  6,  or  half  the  portion  of  the  increased  length  of 
upper  chord  given  to  one  panel.)  Hence,  we  have  only 
to  square  each  of  those  two  sides;  add  the  two  squares 
together ;  and  take  the  sq  rt  of  the  sum.  This  sq  rt  is  b  c. 

Example.  Span  200  ft.  Height  (a  c)  of  truss  yi  of  the 
span,  or  25  ft,  or  900  ins.  Camber  5  ins ;  10  panels  each 
20  ft,  or  240  ins,  (c  n,)  measured  on  the  lower  chord  or 
span.  Now.  the  height  being  %  of  the  span,  the  increase 
of  length  of  upper  chord  win  be  equal  to  the  camber,  5  ins ;  and  this  divided  among 

10  panels,  will  be  zrz  =  .5  inch  to  each  panel ;  or  o  b  will  be  .5  inch  longer  than  e»; 

and  o  a  and  *  b  will  each  be  .25  inch.    Hence,  in  the  right-angled  triangle  a  b  «,  we 
have  a  6  =  240.25  ins ;  and  ac  =  300  ins.    Hence, 

be  =  x/  alfl  +  ad*=  x/  N72QM2&  +mOQ=  ^  im2Q.mb  =  384.344  ins; 

or  32  ft,  .344  ins.    Without  any  camber,  b  c  would  be  in  the  position  *  c,  which  It  33 
ft,  .187  ins  long;  or  .157  of  an  inch  (about  %  inch)  shorter  than  6  c. 

An  error  to  this  extent  would  prove  seriously  inconvenient  if  the  oblique  were  a  cast-troa  afral 
with  carefully  planed  ends,  Intended  to  fit  closely  between  planed  bearings  at  the  chords  ;  or  a  bar 
with  a  drilled  hole  at  each  end  for  fitting  over  pins  whose  position  was  fixed  and  unalterable.  Is 
many  oases,  as  when  the  obliques  are  merely  rods  with  screw-ends,  it  to  only  aeons  ary  a*  be 


that  "they  are  long  enough;  because  their  exact  length  can  then  be  adjusted  when  pat  into  place,  by 
means  of  the  nuts  on  their  ends.  So  also  when  the  obliques  or  other  pieces  are  flat  bars  intended  to  be 
bolted  or  riveted  to  the  sides  of  the  chords;  for  the  final  rivet-holes  may  be  made  when  the  aliases 
oowie  to  be  finally  fitted  ia  place.  In  (fee  case  of  wooden  ebHqaes,  ko,  if  toe  long,  they  oaa  readily  be 
reduced  by  the  saw  or  ohisel. 

When  the  panels  are  all  of  one  size,  as  is  generally  the  case,  it  is  usual  for  builders 
to  draw  one  of  them  full  size  on  a  board  platform  or  floor,  to  guide  in  fitting  the 
parts  together. 

In  raisin  it  a  truss,  or  in  other  words,  when  putting  its  parte  together  ia 
their  proper  position  on  the  abutments  and  piers,  a  scaffold  or  talae-worka, 
must  first  be  erected  for  sustaining  the  parts  until  they  are  joined  together  so  as  to 
form  the  complete  self-sustaining  truss.  Upon  the  false  works  the  bottom  chords 
are  first  laid  as  nearly  level  as  may  be ;  and  the  top  chords  are  then  raised  upon  tem- 
porary supports  which  foot  upon  the  one  that  carries  the  lower  chord.  The  npper 
chorda  are  at  first  placed  a  few  inches  higher  than  their  final  position,  or  than  the 
true  height  of  the  truss,  in  order  that  the  obliques  and  verts  may  be  readily  slipped 
into  place.  After  this  is  done,  the  top  chords  are  gradually  let  down  until  all  rests 
upon  the  lower  chords.  The  screws  are  then  gradually  tightened  to  bring  all  the 
surfaces  of  the  joints  into  their  proper  contact ;  and  by  this  operation  (the  upper 
chord  being  supposed  to  have  the  increased  length  given  by  the  foregoing  rale) 
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camber,  as  it  were,  forms  itself;  and  lifts  the  lower  chords  clear  off  from  their  raise* 
works ;  leaving  the  truss  resting  only  upon  the  abuts  or  piers,  as  the  case  may  be. 

As  a  support  for  the  falseworks  themselves  on  soft  bottoms  piles 
may  be  driven,  to  which  the  uprights  of  the  false  works  may  be  notched  and  bolted 
or  banded.  In  some  cases,  as  of  rock  bottom  in  a  strong  current,  it  may  become 
expedient  to  sink  cribs  filled  with  stone,  as  a  support  for  the  falseworks. 

The  falseworks  should  be  well  protected  by  fender-piles  or  otherwise  from  passing 
boats,  ice  and  other  floating  bodies,  especially  in  positions  liable  to  sudden  floods ; 
and  numerous  accidents  have  shown  the  expediency  of  guarding  the  unfinished 
truss  itself  against  high  winds.  This  last  remark  applies  as  well  to  roofs  as  to 
bridges ;  and  is  too  frequently  neglected. 


To  prevent  an  overturning-  tendency  in  a  whole  truss  when  it  is 
not  high  enough  to  admit  of  being  horizontally  braced  overhead,  we  may  introduce 
wooden  knees,  or  short  straight  struts  or  ties,  of  either  wood  or  iron ;  which  may 
foot  upon  the  cross-girders  of  the  floor;  and  head  against  either  some  of  the  web 
members,  or  the  upper  chord.  These  braces  or  ties  may  be  placed  either  between 
the  two  trusses  of  a  span ;  or  outside  of  them :  or  both.  When  outside,  some  of  the 
floor-girders  may  be  lengthened  out  a  few  feet  beyond  the  lower  chord,  for  receiving 
the  feet  of  the  braces  or  ties.  • 


The  clear  distance  apart  of  the  trusses  in  railroad  bridges  for  4  ft  8^ 
inch  gauge,  is  generally  made  not  less  than  14  or  15  ft,  and  26  or  28  ft,  respectively, 
for  single  and  double  track,  in  through  bridges;  and  11  or  12  ft,  and  16  ft,  respec* 
tively,  in  deck  bridges.  For  lateral  stability,  In  Ions;  spans,  the  distance  be* 
tween  centers  of  trusses  is  generally  made  not  less  than  one-twentieth  of  the  span 

A  headway  of  18  to  20  ft  should  be  allowed  for  clearing  smoke-stacks,  Ac. 
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Fleor-frl  refers  not  exceeding  14  ft  clear  span,  may  be  8  ins,  by  16  inn  deep; 

and  placed  not  more  than  about  2^  ft  apart  from  center  to  center.  Upon  them 
should  be  notched  and  spiked  stout  string-pieces,  say  12"  wide,  by  9"  deep,  to  carry 
the  rails ;  and  to  distribute  the  pressure  of  the  load. 

Hor  <liagr  bracing?  for  diminishing  lateral  motion,  can  be  used  only  under 
the  floors  of  low  bridges ;  but  in  high  ones  it  is  introduced  also  at  the  top  of  the 
trusses.  When  of  timber,  these  braces  are  about  4  to  o"  inches  thick ;  by  6  to  9  deep; 
and  form  a  hor  cross  between  each  two  opposite  panels  of  the  two  trusses.  If  the 
bridge  is  roofed,  and  has  girders  r,  Figs  36,  66^£,  upon  and  well  secured  to  the  upper 
chords  c  c,  the  upper  lateral  bracing  may  consist  simply  of  4  iron  rods  n  *,  passing 
through  the  chords  about  midway  of  their  depth  ;  and  having  heads  and  washers  on 
their  outer  sides.  At  the  center  of  the  cross  the  rods  terminate  in  an  adjusting-ring: 
see  No  14,  of  page  588.  In  a  bridge  of  150  ft  span,  these  rods  need  not  exceed  % 
inch  diam  at  the  center  panel,  and  \%  at  the  end  ones.  If  the  bridge  is  high,  ana 
not  roofed,  but  open  at  top,  then  cross-struts  r  r,  Figs  66%,  must  be  Inserted  pur- 
posely, when  this  rod-bracing  is  used.  If  it  is  also  used  at  the  lower  chords,  the  floor- 
girders  perform  the  duty  of  these  struts.  Iron-bracing  .is  not  liable  to  catch  fire 
from  the  locomotives. 

A  favorite  mode  of  lateral  foraclnjr.  W,  resembles  a  Howe 

truss  laid  fiat  on  its  side.  In  it  the  diags  of  the  cross  are  struts  of  timber;  and  the 
pieces  r  r  are  round  rods.  One  of  the  struts  is  whole,  with  the  exception  of  a  slight 
mortice  on  each  vert  side,  at  its  center,  for  receiving  tenons  cut  on  the  inner  ends  of 
the  two  pieces  which  compose  the  other  diag.  At  the  sides  of  the  chords,  the 
of  the  diags  rest  upon  a  ledge,  (shown  by  .   , 

the  dotted  line  t  *',)  about  X%  ins  wide,  cast 
at  the  bottom  of  the  cast-iron  angle-block. 
The  tie-rod  r  r,  passing  through  the  chords 
of  both  trusses,  being  tightened  by  means 
of  the  nut  *,  holds  the  diags  firmly  in  place ; 
and  in  case  of  their  shrinking  a  little  m 
time,  can  be  again  tightened  up  by  the  same 
means. 

Various  modifications  of  these  methods 
are  in  use ;  but  we  cannot  afford  them  space 
here.    The  cast  angle-block  is  as  deep  as  a 
brace ;  its  thickness  need  not  exceed  %  inch,  in  a  large  bridge.  The  dark  triangle  is 
a  top  view  of  it.    It  has  holes  for  the  passage  of  the  rod  r  r. 


Flff.  56H. 


Art.  25.  liens;tlienlns;-searfs,  splflees,  or  Joints.  The  lower  chords 

of  bridges,  being  exposed  to  great  pulling  strains,  require  much  care  in  connecting 
together  the  ends  of  the  several  pieces  of  which  they  are  composed.  There  is  much 
uncertainty  regarding  the  strength  of  the  joint-fastenings  in  common  use  for  this 
purpose.  Experiments  on  the  subject  are  much  needed.  When  only  two  pieces,  at 
t  and  y,  Fig  67,  or  58,  are  joined  by  any  of  the  ordinary  methods,  it  is  probably  not 
safe  to  depend  on  their  possessing  more  than  "%  of  the  tensile  strength  of  a  single 
solid  beam  of  equal  cross-section.  When  the  chord,  as  in  Fig  69,  is  composed  of  two 
parallel  parts  aa,nn,  made  up  of  long  pieces,  breaking  joint  with  each  other,  as  at 
j  jj,  each  of  the  two  parts  may  be  made  somewhat  stronger  than  either  one  of 
them  would  be  by  itself.    This  is  owing  to  the  opportunity  afforded  of  connecting 
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them  also  by  bolts  66,  and  packing-blocks,  ec.  of  wood  or  iron,  intermediate  of  the 
joints  jj,  Ac.  By  this  means  the  strength  of  the  entire  chord  may  probably  be  prac- 
tically rendered  equal  to  one-half  of  what  it  would  be  if  solid.  If  the  chord  con- 
sists  of  3  or  4  parallel  parts,  of  long  pieces,  breaking  joint,  and  connected  in  the 
same  way,  it  will  probably  have  about  %  of  the  strength  of  the  solid.  Care  must 
of  course  be  taken  that  the  serviceable  area  of  the  pieces  shall  not  be  reduced  at  any 
intermediate  point,  to  less  than  it  is  at  the  joints. 


TOP 


TOP 


Fig.  57. 


SIDE 


Fig.  59, 


TOP 


SIDE  P!g#  58. 

a 


SIDE 

Fig.  eo. 


Fig.  60*. 


TOP 


c  * 

Fig.  dO  b. 

Fig  68  is  a  simple  and  efficient  form  of  scarf.  Its  length  1 i  may  be  about  3  to  4 
times  the  greatest  transverse  dimension  of  the  beam.  At  the  center  Is  a  block  t  of 
hard  wood,  with  a  thickness  equal  to  %  that  of  the  beam ;  a  width  of  2  or  3  times  its 
thickness;  and  a  length  just  sufficient  to  reach  entirely  through  the  beam.  The 
beams  are  connected  by  4  screw-bolts  nn;  or  by  8  of  them,  if  the  length  requires  it. 
Plates  of  stout  rolled  iron,  aa,cc,  with  their  ends  bent  down  into  the  beams,  are 
occasionally  added.  These  require  bolts  o  o,  beyond  the  ends  i  i  of  the  scarf.  These 
holts  are  not  shown  in  the  side  view. 

Fig  57  is  another  excellent  joint  with  tpUcing-blocka  e  e,  instead  of  the  block  t  of 
Fig  58.  The  indentations,  v  v,  may  each  be  about  %  as  deep  as  the  beam  is  thick. 
The  length  of  each  splice-block,  about  6  times  $  f.  From  4  to  8  screw-bolts,  as  the 
case  may  require.-  Length  of  each  indent  about  %  thnt  of  the  block  itself. 

Fig  60  is  a  joint  formed  by  two  flat  iron  links  or  rings,  1 1,  let  flush  into  the  tim- 
bers, and  retained  in  place  by  spikes.  The  iron  may  vary  from  ^  to  1  inch  in  thick- 
ness ;  from  1  to  4  or  5  ins  in  width ;  and  2  to  6  ft  in  length,  as  occasion  may  require. 

Fig  606,  is  a  joint  formed  by  two  blocks,  c  c,  of  hard  wood,  passing  through  the 
timbers;  and  connected  by  bolts,  a  a,nn. 

In  Fig  80a,  s  s  are  cast-iron  packing-blocks,  sometimes  used  instead  of  plain  wooden 
ones,  at  points  64,  Fig  59,  intermediate  of  the  joints  JJ.  The  openings  in  the  centers 
of  the  blocks  are  needed  only  when  vertical  truss-rods  have  to  pass  through  those 
points.  At  e «,  of  the  same  fig,  is  shown  another  form,  much  used  in  chords  composed 
of  two  or  more  parallel  strings.  Both  these  are  as  deep  as  the  chord;  and  their 
cross-sections,  or  end  views  shown  in  the  fig,  may  be  from  4  to  10  ins  long ;  2  to  4  ins 
wide :  and  from  \6  to  \%  ins  thick;  according  to  size  of  bridge,  Ac. 

Rem.  In  selecting  hard  wood  for  splicing-blocks,  treenails,  or  for  any  part  of  a 
bridge,  it  is  well  to  remember  that  the  oaks  when  in  contact  with  the  pines,  expedite 
the  decay  of  the  latter;  therefore,  it  is  generally  better  to  employ  the  best  southern 
yellow  pine  heart  wood  for  such  blocks,  Ac,  or  interpose  sheet  iron.* 


•  The  tendency  of 


kindi  of  timber  to  produce  rapid  decay  when  brought  into  olose  oontaer 
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Eye- Bars  and  Pins.  The  lower  enords  of  iron  brinies  usually 

eonsist  of  Sat  links  or  bars  0  and  0,  W  and  H,  Pigs  61  on  edge  and  connected  by  tight-fitting  wrought* 
iron  pins  0  and  P.  After  deciding  on  the  sice  of  the  body  W  or  H  of  the  bars  to  bear  safely  the  pull 
upon  them,  the  proper  proportioning  of  their  heads  or  eyes  and  pins  is  an  abstruse  and  difficult  point 
upon  which  much  has  been  written.  It  was  formerly  supposed  that  the  diam  of  the  pin  should  be 
governed  by  its  resistance  to  shearing,  but  experience  has  shown  that  this  was  entirely  insufficient. 


Figs.Cl. 


jPliHffll!l!tl!ii:iKZ 


mm     .  hi™ 


We  give  a  table  of  practical  conclusions  arrived  at  ay  that  accomplished  expert,  Ghs.  Shaler  Smith, 
from  111  experiments  by  himself  on  a  working  scale.  The  table  shows  some  irregularities,  for  as  Mr. 
Smith  remarks  "  the  bars  declined  to  break  by  formula."  The  pin  is  more  strained  at  the  outer  links 
o  o  than  at  the  inner  ones  c  c  c,  so  that  the  fatter  -would  not  require  so  large  a  diam,  but  that  this 
must  be  uniform  throughout  in  order  to  secure  tight  fitting  for  all  of  them.  When  web  members  as 
well  as  chords  are  held  by  the  same  pin  the  diam  and  head  must  be  proportioned  for  that  bar  of  them 
all  which  is  most  strained.  When  the  heads  are  made  by  pressucai*  one  pieoe  with  the  body,  the 
metal «  «  and  u  x  at  the  sides  of  the  pin  ©  must  be  wider  than  when  the  heads  are  first  made  in  sepa- 
rate pieces  by  hammering  and  then  welded  to  the  body.  But  the  welded  one  W  requires  more  iron 
back  of  the  pin  as  shown  at  I  (.    This  width  (  t  must  be  equal  to  the  diam  of  the  pin.* 

The  links  are  supposed  to  be  of  uniform  thickness. 

Having  drawn  a  circle  0  for  the  pin,  lay  off  on  each  side  of  it  as  at  t;  *,  u  *,  half 
the  width  of  metal  in  the  table  for  the  head  of  W  or  H  as  the  case  may  be. 
Then  for  forming  the  head  of  H  use  only  the  rad  b  s  as  shown.  For  the  head  of 
W  lay  off  also  1 1  =  diam  of  pin.  Find  by  trial  the  rad  g  n  or  g  i  and  use  it,  except 
for  uniting  the  head  to  the  body,  where  use  a  rad  =  1.5  g  n  as  shown. 


Metal  in  head 

Metal  in  bead 

Width 

Thicks. 

Diam. 

across  pin. 

Width 

Thicks. 

Diam. 

across  pin. 

of  bar. 

of  bar. 

of  pin. 

W. 

H. 

of  bar. 

of  bar. 

of  pin. 

W. 

H. 

1. 

.2 

.67 

1.33 

1.50 

1. 

.55 

1.28 

1.50 

1.60 

1. 

.25 

.77 

1.33 

1.50 

1. 

.60 

1.36 

1.55 

1.72 

1. 

.30 

.86 

1.40 

1.50 

1. 

.65 

1.43 

1.60 

1.76 

1. 

.35 

.95 

1.50 

1.50 

1. 

.70 

1.50 

1.67 

1.85 

1. 

.40 

1.04 

1.50 

1.50 

1. 

.80 

1.64 

1.67 

1.95 

1. 

.45 

1.12 

1.50 

1.53 

1. 

.90 

1.77 

1.70 

2.05 

1. 

.50 

1.20 

1.50 

1.56 

1. 

1.00 

1.90 

1.76 

2.21 

Art.  86.  Figs  63  exhibit  Joints  adapted  to  most  of  the  cases  that 
occur  in  practice  with  wooden  beams,  Ac.  They  need  bat  little  explanation.  Fig  a 
is  a  good  mode  of  splicing  a  post ;  In  doing  which  the  line  o  0  should  never  be  In- 
clined or  sloped,  but  be  made  vert;  otherwise,  in  case  of  shrinkage,  or  of  great 
pressure,  the  parts  on  each  side  of  it  tend  to  slide  along  each  other,  and  thus  bring 
a  great  strain  upon  the  bolts.  When  greater  strength  is  reqd,  iron  hoops  may  be 
ttsed,  as  at  0,  h.  and.;,  instead  of  bolts.  Fig  fc,  a  post  spliced  by  4  fishing  pieces: 
which  may  be  fastened  either  by  bolts,  as  in  the  upper  part;  or  by  hoops,  as  in  the 
lower.  The  hoops  may  be  tightened  by  flanges  and  screws,  as.  at  *;  or  thin  iron 
wedges  may  be  driven  between  them  and  the  timbers,  if  necessary.  Fig  C  shows  a 
good  strong  arrangement  for  uniting  a  straining-beam  ft,  a  rafter  I,  and  a  queen-poet 
v ;  by  letting  k  and  I  abut  against  each  other,  and  confining  them  between  a  double 
qneen-poet  tt;  n  n  are  two  blocks  through  which  the  bolts  pass.  A  similar  arrange- 
ment is  equally  good  for  uniting  the  tie-beam  «\  with  the  foot  t>,  of  the  queens ;  with 
the  addition  of  a  strap,  as  in  the  fig.  Fig  e  is  a  method  of  framing  one  beam  into 
another,  at  right  angles  to  It.  An  iron  stirrnp,  as  at/,  may  be  used  for  the 
saine  purpose ;  and  Is  stronger.  Figs  9  h%  ij  are  bo  fit  beams.  When  a  beam 
or  girder  of  great  depth  is1  required,  if  we  obtain  it  by  merely  laying  one  beam  flat 

with  other  kinds,  is  a  subject  of  great  practical  Importance;  but  one  which  hitherto  has  received  but 
little  attention.  Black  walnut  and  cypress  are  said  to  cause  mutual  rot  within  a  year  or  two.  Ob- 
served eases  of  this  kind  should  be  reported  to  the  leading  professional  Journals. 

•  The  strength  of  a  given  hinged-end  pillar  (see  p  439)  is  increased  to  an  Important  extent  by  ea« 
Urging  the  diameter  of  the  pin. 
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then  bolt  or  strap  them  firmly  together  to  create  friction ;  we  obtain  nearly  the  strength 
of  a  solid  beam  of  the  total  depth ;  which  strength  ife  as  the  square  of  the  depth. 

The  strength  of  a  built  beam  is  increased  by  increasing  its  depth  at  its  center,  where  It  is  moat 
strained  ;  as  in  the  upper  chords  of  a  bridge.  This  muy  be  done  by  adding  the  triangular  strip  y  f 
between  the  two  beams. 

Tredgold  directs  that  the  combined  thicknesses  of  all  the  keys  be  not  less 

than  1-4  times  the  entire  depth  of  the  girder ;  or  when  indents  are  used,  as  in  ij,  that  their  combined 
depths  be  at  least  %  that  of  the  girder.    If  the  girder  ij  be  inverted,  it  will  lose  much  of  its  strength. 

A  piece  of  plate-iron  may  be  placed  at  the  joints  of  timbers  when  there  is  a  great  pressure ;  which 
is  thus  more  equalized  over  the  eutire  area  of  the  joint ;  or  cast  iron  may  be  used. 

Frequently  a  simple  strap  will  not  suffice,  when  It  is  necessary  to  draw  the  two  timbers  very 
tightly  together.  Iu  such  cases,  one  end  of  each  Btrap  may,  as  at  x,.  terminate  as  a  screw ;  and  after 
pacing  through  a  cross-bar  Z,  all  may  be  tightened  up  by  a  nut  at  x.  Or  the  principle  of  the  noo- 
blb  kky,  shown  at  K,  may  be  applied.  Sometimes,  as  at  A,  the  hole  for  the  bolt  is  first  bored ;  then 
a  hole  is  cut  in  one  side  of  the  timber,  and  reaching  to  the  bolt-hole,  large  enough  to  allow  the  screw 
nut  to  be  inserted.  This  being  done,  the  hole  is  refilled  by  a  wooden  plug,  which  holds  the  nut  in 
place.  Then  the  screw-bolt  is  inserted,  passing  through  the  nut.  By  turning  the  screw  the  timbers 
may  then  be  tightened  together. 

When  the  ends  of  beams,  joists,  Ac,  are  Inserted  into  walls  In  the  usual  square  manner,  there  is 
danger  that  in  case  of  being  burnt  in  two,  they  may,  in  falling,  overtnrn  the  wall.  This  may  be 
avoided  by  cutting  the  ends  into  the  shape  shown  at  m. 

When  a  strap  o.  Fig  B,  has  to  bear  a  strain  so  great  as  to  endanger  its  crushing  the  timber  p,  on 
which  it  rests,  a  casting  like  0  may  be  used  under  it.  The  strap  will  pass  around  the  back  r  of  the 
casting.  The  small  projections  in  the  bottom  being  notched  iuto  the  timber,  will  prevent  the  casting 
from  sliding  under  the  oblique  strain  of  the  strap.  The  same  may  be  used  for  oblique  bolts,  and 
below  a  timber  as  well  as  above  it.  When  below,  it  may  become  necessary  to  bolt  or  spike  the  casting 
to  the  under  side  of  the  timber.  Wheu  the  pull  on  a  strap  is  at  right  angles  to  the  timber,  if  then 
U  much  stralu,  a  pieoe  or  plate-iron,  iusteud  of  a  casting,  may  be  inserted  between  the  strap  and  the 
timber,  to  prevent  the  latter  from  being  crushed  or  crippled ;  see  I  and  L 

Art.  27.  Expansion  rollers,  or  planed  iron  Slides,  or  rock- 
ers, or  suspension-links,  must  be  provided  when  an  iron  span  exceeds 
about  80  feet;  in  order  to  allow  the  trusses  to  contract  and  expand  freely 
under  changes  of  temperature,  without  undue  strain  upon  some  of  its  members. 
Figure  63  shows  the  general  arrangement  of  roll- 
ers; which  are  cylinders  of  cast  iron  or  steel,  from  3 
to  t>  ins  diam ;  and  1  to  4  ft  long ;  planed  smooth.  From 
4  to  8  or  more  of  these  are  connected  together  by  a 
kind  of  framing,  n  n;  and  one  such  frame  is  placed 
under  at  least  one  end  of  the  truss.  The  rollers  rest 
upon  a  strong  planed  cast  bed-plate  n  o ;  bolted  to  the 
masonry  below.  Under  the  end  of  the  truss  is  a  sim- 
ilar plate  8  8,  by  which  it  rests  on  the  rollers.  Since 
a  truss  of  even  200  ft  span  will  scarcely  change  its 
length  as  much  as  3  ins  by  extremes  of  temperature, 
the  play  of  the  rollers  is  but  small.  They  are  kept  in 
line  by  flanges  cast  along  the  side  of  the  bed-plate.  Flanges  should  also  project 
downward  from  «  *,  so  as  completely  to  protect 
the  rollers  from  dust,  rain,  &c. 

In  Fig  64,  r  r  gives  a  general  idea  of  a  bocxsr  ;  and  Fig  66, 
s  »,  of  a  suspension-link.  U  U  in  each  fig  Is  aside  view  of 
a  cast-iron  Fiuk  upper  chord,  through  each  eud  of  which 
passes  around  pin  0,  which  sustains  the  eutire  weight  of  the 
truss  and  its  load ;  and  which  is  sustained  by  from  4  to  6 
rockers  or  links,  as  the  case  may  be.  In  a  railroad  bridge  of 
205  ft  span,  across  the  Monongahela,  the  links  are  3%  ft  long; 
end  the  pins  5  ins  diam ;  and  iu  others  of  the  same  size,  over 
Barren  nnd  other  rivers,  the  rockers  are  a  foot  wide  from  r 
to  r;  and  nbout  5  ins  wide  transversely  on  the  curved  tread 
or  rim.  For  the  accommodation  of  these  several  links  and 
rockers;  as  well  as  of  the  various  bars  0  6,  which  constitute 
the  oblique  tics  of  a  Fink  truss;  the  ends  of  the  octagonal 
east-iron  upper  chords  are  widened  out,  as  shown  by  Fig  66; 
which  is  a  top  view  of  a  longitudinal  section  of  such  an  end. 
The  rockers,  or  links,  and  bars,  b,  occupy  the  spaces  n  n,  Ac, 
between  the  several  partitions  of  the  chord ;  and  the  pin  00 
passes  through  them  all,  except  when  it  is  expedient  to 
attach  some  of  the  bars  to  the  sides,  or  to  the  top  of  the 
chord,  as  at  t.  These  figs  are  intended  merely  to  illustrate 
the  general  principle,  without  regard  to  detail  of  construction. 

In  some  English  bridges  of  considerable  size,  such  as  the 
Orumlin  Viaduct,  of  150  ft  spans;  and  the  Newark  Dyke 
bridge,  of  240  span ;  (both  of  them  Warren  girders,)  and 
sustained  like  the  foregoing,  by  the  ends  of  the  npper 
chords ;  no  further  precaution  is  taken  with  regard  to  expan- 
sion and  contraction,  than  merely  to  rest  the  ends  of  said 
chords  upon  smoothly  planed  iron  plates,  upou  which  they 
may  Mde.    So  also  several  American  bridges. 

~    Fig.  60. 


Fig.  63. 
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Art.  1.    Table  of  data  required  for  calculating  the  main 
chains  or  eables  of  suspension  bridges.  Original. 


Deflection 

Deflection 

Length  of 
Main  Chaina 

Tension  on  all 
the  Main 
Chains  at 

either  Suspen- 

Tension at  the 
Center  of  all 

the  Main 
Chains;  in 
parts  of  the 
entire  Sus- 
pended Wt. 
of  the  Bridge, 
and  its  Load. 

Angle  of 
Direc- 

Natural 
Sineofthe 

Angle  of 
Direction 

of  the 
Chaina,  at 
the  Piers. 

Natural 
Cosine  of 
the  Angle 

of  Direc- 
tion of  the 
Chains  at 
the  Piers. 

in  parts 
of  the 
Chord. 

in  Deci- 
mals of 
the  Chord. 

between  Sus- 
pension Piors, 
in  parts  of  the 
Chord. 

sion  Pier,  in 
parts  of  the 
entire  Sus- 
pended Wt. 
of  the  Bridge, 
and  lis  Load. 

tion  of 

theChains 

at  the 

Piers. 

Deg.  Mln. 

1-40 

.025 

1.002 

5.03 

5.00 

5    43 

.0995 

.9950 

1-35 

.0286 

1.002 

4.40 

4.37 

6   31 

.1135 

.9935 

1-30 

.0333 

1.003 

8.78 

8.75 

7    36 

.1322 

.9912 

1-25 

.04 

1.001 

3.16 

8.12 

9      6 

.1580 

.9874 

1-20 

.05 

1.006 

2.55 

2.51 

11    19 

.1961 

.9806 

1-19 

.0526 

1.007 

2.43 

2.38 

11    53 

.2060 

.9786 

1-18 

.0555 

1.008 

2.30 

S.25 

12    32 

.2169 

.9762 

1-17 

.0588 

1.009 

2.18 

2.12 

13    14 

.2290 

.9734 

1-16 

.0625 

1.010 

2.06 

2.00 

14      2 

.2425 

.9701 

1-15 

.0607 

1.012 

1.94 

1.87 

14    55 

.2573 

.9663 

1-14 

.0714 

1.013 

1.82 

1.74 

15    57 

.2747 

.9615 

1-13 

.0769 

1.016 

1.70 

1.62 

17      6 

.2941 

.9558 

1-12 

.0833 

1.018 

1.57 

1.49 

18    33 

.3180 

.9480 

1-11 

.0919 

1.022 

1.46 

1.37 

19    59 

.3418 

.9398 

1-10 

.1 

1.026 

135 

1.25 

21    48 

.3714 

.9286 

1-9 

.1111 

1.033 

1.23 

1.12 

23    58 

.4062 

.9138 

H 

.125 

1.041 

1.12 

1.00 

26    33 

.4471 

.8945 

1-7 

.1429 

1.053 

1.01 

.861 

29    45 

.4961 

.8726 

3-20 

.15 

1.058 

.972 

.833 

SO    58 

.5145 

.8574 

A 

.1667 

1.070 

.901 

.750 

33    41 

.5547 

.8320 

.2 

1.098 

.800 

.625 

38    40 

.6247 

.7808 

•225 

1.122 

.747 

.555 

42      0 

.6690 

,7433 

H 

.25 

1  149 

.707 

.500 

45    00 

.7071 

.7071 

.3 

.3 

1.205 

.651 

.417 

50    12 

.7682 

.6401 

H 

.3333 

1.247 

.625 

.375 

53      8 

.8000 

.6000 

.4 

.4 

1.H32 

.589 

.312 

58      2 

.8483 

.5294 

9-20 

.45 

1.403 

.572 

.278 

60    57 

.8742 

.4855 

X 

.5 

1.480 

.559 

.250 

63    26 

.8944 

.4472 

These  calculations  are  based  on  the  assumption  that  the  curve  formed  by  the  main  chains  Is  a 
parabola ;  which  is  not  strictly  correct.  In  a  finished  bridge,  the  carve  Is  between  a  parabola  and  a> 
catenary ;  and  is  not  susceptible  of  a  rigorous  determination.  It  may  Save  SO  111  e  trou- 
ble in  making  the  drawing^  of  a  suspension  bridge,  to  remember  that  when  the 
deflection  does  not  exceed  about  -sAr  of  the  spaa,  a  segment  of  a  circle  may  be  used  instead  of  the 
true  curve ;  inasmuch  as  the  two  then  ooinoide  very  closely  ;  and  the  more  so  as  the  deflection  be- 
comes less  than  ^r.  The  dimensions  taken  from  the  drawing  ef  a  segment  will  answer  all  the  pur- 
poses of  estimating  the  quantities  of  materials. 

For  some  particulars  respecting  wire  for  oables,  see  pages  412  and  418. 

The  deflection  usually  adopted  by  engineers  for  great  spans  fa 

about  y^j  to  yV  the  span.    As  much  as  -Ar  is  generally  confined  to  small  spans.    The  bridge  will 

be  stronger,  or  will  require  less  area  of  cable,  if  the  deflection  Is  greater :  bnt  it  then  undulates  more 
readily  ;  and  as  undulations  tend  to  destroy  the  bridge  by  loosening  the  joints,  and  by  increasing  the 
momentum,  they  must  be  specially  guarded  against'  as  much  as  possible.  The  usual  mode  of  doing 
this  is  by  trussing  the  hand-railing;  which  with  this  view  may  be  made  higher,  and  or  stouter  tim- 
bers than  would  otherwise  be  necessary.  In  large  spans,  indeed,  it  may  be  supplanted  by  regular 
bridge-trusses,  sufficiently  high  to  be  braced  together  overhead,  as  in  the  Niagara  Railroad  bridge, 
where  the  trusses  are  18  ft  high ;  supporting  a  single-track  railroad  on  top ;  and  a  common  roadway 
of  19  ft  clear  width,  below.* 

*  •  The  writer  believes  himself  to  have  been  the  first  person  to  suggest  the  addition  or  very  deep 
trusses  braced  together  transversely,  for  large  suspension  bridges.  Early  in  1851.  he  designed  such 
a  bridge,  with  four  spans  of  1000  ft  each ;  and  two  of  500;  -with  wire  cables;  and  trusses  20  ft  high. 
It  was  intended  for  crossing  the  Delaware  at  Market  Street,  Phiiada.  It  was  publicly  exhibited  for 
several  months  at  the  Franklin  Institute,  and  at  the  Merchants'  Exchauge;  and  was  finally  stolen 
from  the  hall  of  the  latter.  Mr  Roebling's  Niagara  bridge,  of  800  ft  span,  with  trusses  18  ft  high,  was 
not  commenced  until  the  latter  part  of  1852 ;  or  about  18  months  after  mine  had  been  publicly  ex- 
hibited. 
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Another  very  Important  aid  is  found  in  deep  longitudinal  floor  timbers,  firmly  united  where  their 
ends  meet  each  other.  These  assUt  by  distributing  amoug  several  suspender -rods,  aud  by  that 
means  along  a  considerable  length  of  main  cable,  the  weight  of  heavy  passing  toads ;  and  thus  pre- 
vent the  uudue  undulation  that  would  take  place  if  the  load  were  concentrated  upon  only  two  opposite 
suspenders.  With  this  view,  the  woodeu  stringers  under  the  rails  on  the  Niagara  bridge  are  made 
virtually  4  ft  deep.    The  same  principle  is  evidently  good  for  ordinary  trussed  bridges. 

Another  mode  of  relieving  the  main  cables  is  by  means  of  cable-atayt ;  which  are  bars  of  iron,  or 
wire  ropes,  extending  like  c  y.  Fig  1,  from  the  saddles  at  the  points  of  suspension  c,  d,  obliquely  down 
to  the  floor,  or  to  some  part  of  tbe  truss.  In  the  Niagara  bridge  are  64  such  stays,  of  wire  ropes  of 
IK  iooh  diani;  the  longest  of  which  reaoh  more  than  quarter  way  across  the  span  from  each  tower. 
They  transfer  much  of  the  strain  of  the  wt  of  the  bridge  and  its  load  directly  to  the  saddles  at  the  top 
of  the  tcwers:  thereby  relieving  every  part  of  the  main  cable,  and  diminishing  undulation.  They 
end  at  c  and  d,  where  they  are  attached,  not  to  the  cables,  but  to  the  saddles.  They  of  course  do  not 
relieve  the  back  ttayt. 

The  greatest  danger  arises  from  the  action  of  strong  winds 
striking  below  the  floor,  and  either  lifting  the  whole  platform,  and  letting 
it  fall  suddenly ;  or  imparting  to  it  violent  wavelike  undulations.  The  bridge  of  1010  ft  span  across 
the  Ohio  at  Wheeling,  by  Charles  Ellet,  Jr,  was  destroyed  in  this  manner.  It  is  said  to  have  undu- 
lated 20  ft  vertically  before  giving  way.  It  had  no  effective  guards  agaiust  undulation ;  for  although 
its  hand-railing  was  trussed,  it  was  too  low  and  slight  to  be  of  much  service  in  so  great  a  span. 
Many  other  bridges  have  been  either  destroyed  or  injured  in  the  same  way.  When  the  height  of  the 
roadway  above  the  water  admits  of  it,  the  precaution  may  be  adopted  of  tie-rods,  or  anchor  rods, 
under  the  floor  at  different  points  along  the  3pan,  and  carried  from  thence,  inclining  downward,  to 
the  abutments,  to  which  they  should  be  very  strongly  oonflned.  In  the  Niagara  Railroad  bridge  56 
such  ties,  made  of  wire  ropes  \%  Inch  dlam,  extend  diagonally  from  tbe  bottom  of  the  bridge,  to  the 
rocks  below.    They,  however,  detract  greatly  from  the  dignity  of  a  structure. 

Mr  Brunei,  In  some  cases,  for  checking  undulations  from  violent  winds  striking  beneath  the  plat- 
form, used  also  inverted  or  up-curving  cables  under  the  floor.  Their  ends  were  strongly  oonflned  to 
the  abuts  several  ft  below  the  platform;  and  tbe  oables  were  connected  at  intervals,  with  tbe  plat- 
form, so  as  to  hold  it  down. 

Art.  2.  The  angle  adg,  or  a  c  t,  Fig  1,  which  a  tang  dg  or  ex  to  the  carve  at 
either  point  of  sunpen»i"n  e  or  d,  forms  with  the  hor  line  c  d  or  chord,  Is  called  the  angle  of 
direction  Of  the  main  Chains,  or  cables,  at  those  poiuts.  Frequently  the  ends 
eft,  and  dr,  of  the  chains,  called  tbe  backstays,  arc  carried  away  from  the  suspension  piers 
In  straight  lines ;  in  which  case  tbe  angles  Idr,  ech,  formed  between  the  hor  line  e I  and  the  chain 
itself,  beoome  the  angles  of  direction  of  the  backstays. 


Slneof  angle  of  direction  adg  =  Twice  the  deflection  a  » 

\/  (twice  the  deflection/*  +  (Hair  tbe  chord)* 

Note  1.  The  direction  of  the  tang  dg  or  ei,  can  be  laid  down  on  a  drawing,  thus :  Continue  the 
line  a  b,  makiug  it  twice  as  long  as  a  6 ;  then  lines  drawn  from  d  and  e  to  its  lower  end,  will  be  tangs 
to  the  parabolic  curve  at  the  points  of  suspension. 

Nots  2.  If  the  chord  e  d  be  not  hor,  as  sometimes  is  the  case,  the  angle 
must  be  measured  from  a  hor  line  drawn  for  the  purpose  at  each  point  of  suspension ;  as  the  two 
angles  will  iu  that  case  be  unequal,  the  piers  being  of  unequal  height*. 

Tension    On     all    the    main        Half  the  entire  suspended  weight  of  the  clear 

chains  or  cables,  together,  _  . span  and  its  load 

at  either  One  Of  the  piers,  Sine  of  angle  of  direction  adg 

e  or  d,  Fig  1. 

or  _  •o,8pan).  +  (aDefl)«-       "j"^,^ 

2  Deflection  the  clear  span  and 

its  load. 

r  eilSlOn     on    all     the    main         Half  the  entire  suspended       nMiM  rf  ,Bd.  rf 

chains  or  cables,  together,         ™»W»t  of  *e dear  span  x     a^VI*  • 
at   the   middle,  6,  of  the  =     "* lte  M : ' 

Span,  Fig  1.  81ne  °r  *n8,«  of  direction  self 

Half  the  entire  suspended  weight  of  v  Hair  the 
or  sb  the  dear  span  and  its  load  *     span 

Twice  the  deflection 
The  diff  between  the  tensions  at  the  middle,  and  at  the  points  of  suspension,  is  so  trifling  with  the" 
proportion  of  chord  aud  deflection  commonly  adopted  in  prsctloe,  via,  from  about  f\r  *"  lV ta,t  '* 
is  usually  neglected ;  inasmuch  as  the  saving  in  the  weight  of  metal  would  be  folly  compensated  far 
by  the  increased  labor  of  manufacture  in  gradually  reducing  tbe  dimensions  of  the  chains  from  the 

faints  *f  suspension  toward  the  middle ;  and  in  preparing  fittings  for  parts  of  many  diflerent  sicca. 
be  reduction  has,  however,  been  made  in  some  large  bridges  with  wrought-iron  main  chains;  bat 
In  uone  with  wire  oables. 
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Art*  2  A.  As  it  is  sometimes  convenient  to  form  a  rough  idea  at  the  moment,  of 
the  site  of  eables  required  for  a  bridge,  we  suggest  the  following  rule  for  finding  approximately  the 
area  in  sq  ins  of  aoUd  iron  in  the  wire  required  to  sustain,  with  a  safety  of  S,*  the  weight  of  the  bridge 
itself,  together  with  an  extraneous  load  of  1.205  tons  per  foot  run  of  span ;  which  corresponds  to  100 
lbs  per  sq  ft  of  platform  of  27  ft  clear  available  width.    This  suffioes  for  a  double  oarriage-way,  and 

two  footways.     The  deflection  is  assumed  at  -fy  of  the  span ;  and  the  wire  to  hare  an  ultimate 
strength  of  36  tons  per  solid  Bquare  inch,  as  per  table,  page  412;  and  which  can  be  procured  without 

difficulty.  For  spans  of  100  ft  or  more, 

Rumc.    Mult  the  span  in  feet,  by  the  square  root  of  the  span.    Divide  the  prod  by  100.    To  the 
quot  add  the  sq  rt  of  the  span.    Or,  as  a  formula, 

Area  o/ solid  metal  of  aU  tpan  X  eq  rt  o/epan 

the  cable*  ;  in  square  in* ;    =  ■       -f-  eqrt  ofepan. 

for  tpatu  over  100  feet  100 

For  spans  leu  than  100  feet,  proportion  the  area  to  that  at  100  ft. 

If  a  defl  of  -j^g-  la  adopted  instead  of  -j^j,  the  area  of  the  cables  may  be  rednoed  very  nearly  i  part- 

The  following-  table  Is  drawn  np  from  this  rnle.    The  3d  col 

gives  the  united  areas  of  all  the  actual  wire  cables,,  when  made  up,  including  voids.    (Original.)     , 


Span 

in 
Feet. 

Solid  Iron 

in  all  the 

Gables. 

Areas  of 

all  the 

Finished 

Cables. 

Span 

in 
Feet. 

Solid  Iron 

in  all  the 

Cables. 

Areas  of 

all  the 

Finished 

CableN. 

Span 

in 
Feet. 

Solid  Iron 

in  all  the 

Cables. 

Areas  of 
all  the 

Finished 
Cables. 

Sq.  Ins. 

Sq.  Ins. 

Sq.  Ins. 

Sq.  Ins. 

Sq.  Ins. 

Sq.  Ins. 

1000 

848 

446 

400 

100 

128 

150 

80.6 

89.2 

900 

300 

885 

350 

84 

108 

125 

25.2 

82.8 

800 

234 

826 

800 

69 

89 

100 

20 

25.6 

700 

212 

272 

250 

55 

71 

75 

15 

■      19.2 

600 

171 

219 

200 

42 

54 

50 

10 

12.8 

600 

134 

172 

175 

S6.4 

46.7 

25 

6 

6.4 

Having  the  areas  of  all  the  actual  eables,  we  can  readily  find  their  diam.    Thus,  suppose  with  i 

172 
■pan  of  600  ft,  we  intend  to  use  four  cables.    Then  the  area  of  eaoh  of  them  will  be  —  =  43  sq  ins-, 

and  from  the  table  of  circles.  we  see  that  the  corresponding  diam  is  full  7*j  ins. 

The  above  areas  are  supposed  to  allow  for  the  increased  wt  of  a  depth  of  truss,  and  other  additions 
necessary  to  secure  the  bridge  from  violent  winds,  and  from  undue  vibrations  from  passing  loads. 

When  these  considerations  are  neglected,  and  a  less  maximum  load  nssumed,  the  fo1* owing  descrip- 
tions of  the  Wheeling  and  Freybnrg  bridges  show  what  reductions  are  practicable.  Weight,  suflV 
ekntly  provided  for,  is  of  great  service  in  reducing  undulation. 


*  The  writer  must  not  be  understood  to  advocate  a  safety  of  8  against  100  lbs  per  sq  ft,  in  addition 
to  the  weight  of  the  bridge,  in  all  cases.  He  believes  that  limit  to  be  about  a  sufficient  one  for  a  pro- 
perly designed  wire  suspension  bridge  for  ordinary  travel ;  but  for  an  important  railroad  bridge,  he 
would  (seoording  to  position,  exposure,  Ac)  adopt  a  safety  of  at  least  from  4  to  6  against  the  greatest 
possible  load,  added  to  the  wt  of  the  bridge.  A  train  of  oars  opposes  a  great  surfaee  to  the  action  of 
side  winds:  and  trains  must  run  during  violent  storms,  as  well  as  during  calms  ;  but  a  larpe  open 
bridge  for  eommon  travel  is  not  likely  to  be  densely  crowded  with  people  during  a  severe  storm. 
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Art.  a.    Tension  on  the  bitck-mtnys.  c  h  »■■*  &  r,  FMt  1.  nd 

itninson  the  piers,  or  tn^.«.  m- piii^.^lMbr  ^'s1^';!'^™!'™^^™* 

upw.tM  wpic.il  =iJ«»-  Art.1.      In  Fiji* 

.  S,  S  find  4,  thn  IllKI-A 

Flu.  2-  £XJ^  *">£&£ 

nl  ou  on  tlie  bnrk- 
stoys  i>  i-niiui  in  ih«i ™ 

Flff.  3.  on  the  iiler;  rromd. 


B.t.  la  Pliil.Ddt,  It  IBs  bwi  wtrs  -ids  in  n.rro.  in  Id  Flit  MM  Hot. -Mi (•Minn  it,  ol  thf 

I ■!■'    I-.-  1 1    ■      ■  ■■■!■'     I    '    ■■    ■    !'■■■    I '    '         '■!• ■ 

»in«.    To  |itii«i  M,.  ilit  wil,,™Ub.mtl(ln»„(ta,  li  J.. 


Harlsoiitftl  nnll  liinnnl  by  the  main  chain  =  T«nilonx 

..     — . — rtiDyllic 

.      mln  rh.ln 
■    line  k-n  lay 
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Art.  .1.  If  (he  oibl™  p«i  rnwlr own  loose  pfn.d,  Plg4  A,  mpnorwdby  n  link  I, 
M  aapiinvUi  to  ("j"™  *•■»■' 


'TJ>«l>,<ta.l»1.«UH!|ltar.lUte«rlM.  »  Pitf.4B 

To  And  the   amount  of  the  ten-  .         ./ 

Hlnn  on  Ihfl  bnck-st«y,Ai)d,.ftl»  preii-  '/       <■>■ 

■are  on  the  tiler:  on  rfo  In  either  Fig.  1 


llorlconlsl     |i  ■■  I  1  >       -  ...    . 

at  or  do  il  (he  }-  =  mUl,]e  „(,„,„  = 
"--p  of  the  pier      | 
n  back-  I 


(^r^i;  x  ™njot) +■ gjcs  */  x  ■/j  *) 


Flg.4  F 

„''r  Fig. 4  E       Art.  7.    When,  «■  la  wmetimet  (lie  c.«  |p  light 
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Art.  9.   To  null,  npiiroalmatety,  the  length  oramnlnchala 

In  Hnil  fcrlds.  Ihe  chnnt  erf  liJ7S.SH  H:  >ud  Ihi  dell  1.  «(l, 

A->Hiri3ins  roih:-  ilI».vo  r..rmui[*.  iljr  trulri.' !.u|rili  !■  V'*.?,  r^i.     Rj  igiiu]  lucuurcmeDL  Ihe  Chita 
U  pir-t-i^K^l t  Sill  foel.      Fiji'  appr..>Lmi[L  rule  bfl..iv  ai**i  .V«.T>U  r.. 

«..     *-     -S*     *®°        .--J...     .         •  ■>■-#      ^|.t|>  "IrtT.'  .        ••  .         .      ..,       ^       '.       r        ■»■  ,..,..,     |tUU| 

Art.  10.    To  Mini,   approximately,  the  length   of  the   vert 
■mipenlllnK  r»«l«  j-u,  *e,  t'lg  ■  t   assmnliMT  the  curve  to 

be  a  iMirnlMilii. 

ird/ihiKfiinml  be  taken  from  Itie  mlditle  dp  fleet  toil  «  b, 

iB     t.av.d    ;i-    v> I   IL.iw  ■hi,-   iimII.mI .    ,.lll,^    "v,  ii,   ,< 1 ...  lit  ,,r  rul.I-.     ».U  I. 


In  anchorinic  (he  backstays  Into  the  rrtnnil,  It  is  iwewawj  I* 
As  to  the  anchorage  of  the  cables  below  Iba  aurfccft  or  tb#  groond, 
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lowest  part  of  the  chain ;  bat  they  gradually  increase  from  thenoe  upward,  until  at  e,  c,  where  they 
unite  with  the  wire  cable,  the  sectional  area  of  each  link  is  93  aq  ins.  These  chain  backstays  pass  in 
a  curve  through  the  massive  approach  walls.  (28  ft  high,)  and  descend  vertically  down  shafts  «,  $,  25 
ft  deep  in  the  solid  rock.  Here  they  pass  through  the  oast-iron  anchor-plates,  to  which  they  arc  con- 
fined below  by  a  bolt  'A%  ins  diam.  The  anchor-plates  are  6J^  feet  square,  and  23^  ins  thick ;  except 
for  a  space  of  about  20  ins  by  26  ins,  at  the  center  where  the  chains  pass  through,  where  they  are  1 


foot  thick.  Through  this  thick  part  is  a  separate  opening  for  each  bar  composing  the  lowest  link. 
From  this  part  also  radiate  to  the  outer  edges  of  the  lower  face  of  tbe  plate,  eight  ribs,  2)4  ins  thick. 
The  shafts  «,  a,  have  rough  sides,  as  they  were  blasted ;  and  average  3  ft  by  7  ft  across ;  except  at  the 
bottom,  where  they  are  8  ft  square.  They  are  completely  filled  with  cement  masonry,  with  dressed 
beds,  well  in  contact  with  the  sides  or  the  shafts;  and  thoroughly  grouted,  thus  tightly  em-eloping 
the  chains  at  every  point ;  as  does  also  the  masonry  of  the  approach  wall  w  w ;  which  extends  28  ft 
above  ground ;  and  is  6  ft  thiok  at  top,  and  10%  ft  thick  at  its  base  on  the  natural  rock. 

D,  Figs  4J<,  shows  a  mode  that  may  be  used  in  most  cases,  for  bridges  of  any  span.  The  depth 
and  tbe  area  of  transverse  section  of  the  shaft,  and  consequently  tbe  quantity  of  masonry  in  it,  will 
depend  chiefly  upon  whether  it  is  Bunk  through  rock,  or  through  earth.  If  through  firm  rock,  then 
if  its  sides  be  made  irregular,  and  the  masonry  made  to  fit  securely  into  tbe  irregularities,  much  re- 
lianoe  may  be  placed  upon  it  to  assist  the  weight  of  the  masonry  in  resistiug  the  pull  on  the  back- 
stays.   Earth  also  assists  materially  in  this  respect. 

F  is  the  arrangement  in  the  Chelsea  bridge  of  333  feet  span,  across  tbe  Thames,  at  London  ;  Tbos. 
Page,  eng.  The  space  from  one  wall  b  b,  to  the  opposite  one,  is  45  feet;  and  is  built  up  solid  with 
brickwork  and  concrete;  except  a  passage-way  4  ft  wide,  and  5  ft  high,  along  the  backstay ;  and  a 
small  chamber  behind  tbe  anchor-plates.    It  rests  chiefly  on  piles. 

The  arrangement  by  Mr  Brunei,  in  the  Charing  Cross  bridge, London,*  is  very  similar.  In  it  also 
the  entire  abutment  rests  on  piles ;  and  is  40  ft  high,  30  ft  thick,  and  solid,  except  a  narrow  passage- 
way along  the  chains.    The  backs tavs  extend  into  it  60  ft.    Span  676  feet.    Defl  50  feet. 

Q  is  intended  merely  as  a  general  hint,  which,  variously  modified,  may  And  its  application  in  the 
case  of  a  small  temporary,  or  even  permanent  bridge ;  for  the  number  of  pieces,  i,  t,  &c,  may  be  in- 
creased to  any  necessary  extent ;  and  they  may  be  made  of  iron  or  stone,  instead  of  wood. 

In  estimating  the  action  of  the  backstays  upon  the  ma- 
sonry, Ac,  to  which  they  are  anchored,  it  is  safest  to  consider  tho 

tension  along  them  to  continue  undiminished  to  their  very  ends  ;  although,  when  they  are  embedded 
in  masonry,  friction  causes  it  to  diminish ;  especially  when  they  are  curved,  as  in  E,  Figs  4H»  in 
which  case  the  friction  is  greatly  increased,  and  the  tension  thereby  materially  reduced  as  the  ends 
are  approached.  Frequently,  however,  they  are  not  so  embedded ;  for,  although  embedding  preserves 
the  iron,  many  engineers  prefer  to  leave  an  open  Bpace  around  the  entire  length  of  the  anchor-chains ; 
as  well  as  around  the  anchor-plates ;  in  order  that  they  may  be  examined  from  time  to  time.  To  this 
end,  tbe  masses  mm  of  masonry  in  Figs  4%,  may  be  made  not  solid,  but  to  consist  of  two  parallel 
walls,  between  which  the  backstay  may  pass ;  and  the  anchor-stones,  or  anchor-plates,  will  extend 
across  the  space  between  the  walls,  and  have  their  bearing  against  the  ends  of  the  walls.  In  F,  the 
cable  may  be  supposed  either  to  be  tightly  surrounded  by  the  masonry,  and  grouted  to  it;  or  else  to 
be  surrounded  by  a  cylindrical  passage-way  like  a  culvert,  so  as  to  be  at  all  times  accessible.  And 
the  same  with  regard,  to  the  cable  in  the  vertical  shafts  at  D  or  E. 

Art  35,  Art  49,  6o,  of  Force  in  Rigid  Bodies,  will  assist  in  calculating  the  resistance 

which  the  masses  mm  of  anchorage  masonry  oppose  to  the  pull  of  the  backstays.  Soft  friable  stone 
most  be  carefully  excluded  from  such  parts  of  these  masses  as  are  most  directly  opposed  to  this  pull. 

If  blocks  of  stone  large  enough  for  securing  good  bond  are  not  procurable,  heavy  bars  of  iron,  or 
I  beams,  may  be  advantageously  introduced  for  that  purpose. 

The  masses  must  be  founded  at  such  a  depth  as  not  to  slide  by  the  yielding  of  the  earth  in  front 
of  them. 

Experience  shows  that  with  due  attention  to  periodioal  painting,  and  renewal  of  woodwork,  a 
properly  designed  suspension  bridge  will  be  very  durable,  The  transverse  floor  joists  should  be  of 
wrought  iron ;  to  prevent  interruption  to  travel  while  putting  in  new  wooden  once. 

Particular  care  shonld  he  bestowed  npon  the  strength  of 
the  Joints  of  the  side  parapets;  for  the  undulations  and  lateral  motions 
of  the  bridge  expose  them  to  violent  deranging  forces  in  every  direction.  Tbe  parapets  should  be 
high  and  stout;  and  not  restricted  to  mere  service  as  hand-rails,  or  guards. 

As  a  ro!«  of  thumb,  one-half  the  sq  rt  of  the  span  will  be  about  a  good  height  for  them  in  ordinary 
provided  it  is  not  less  than  a  hand-rail  requires. 


*  Removed  to  Clifton,  Euglaud,  in  1863,  and  replaced  by  an  irou  truss  railway  and  foot  bridge. 


622 


SUSPENSION  BRIDGES. 


We  do«not  think  that  diagonal  horlsontal  bracing  should,  as  Is  usual,  be  omitted  under  the  floor. 
It  may  readily  be  effected  by  iron  rods. 

All  the  cablet  need  not  be  at  the  side*  of  the  bridge.  One  or  more  of  them  may  be  over  it*  axis; 
especially  in  a  wide  bridge.  One  wide  footpath  in  the  center  may  be  used,  instead  of  two  narrow 
ones  at  the  sides. 

The  platform  or  roadway  should  be  slightly  cambered,  or  curved  upward,  to  the  extent  say  of  about 

yfo  of  the  span. 
Art.  11.    The  Niagara  suspension  bridge,  built  in  1852-3 *John  A 

Roebling,  engineer,  constats  of  a  single  span  of  821  Jf  ft  measured  straight  from  center  to  oenter  of 
towers ;  and  800  ft  of  clear  suspended  length  of  roadway.  It  has  two  floors  or  roadways :  the  upper 
one,  for  a  single-track  railway,  i*  25X  ft ;  and  the  lower  one,  for  oommon  travel,  24H  ft  wide,  out  to  oat 
of  everything.  The  lower  one  Is  19  ft  wide  in  the  clear  of  everything.  They  are  17  ft  apart  verti- 
cally. The  trusses  are  18  ft  total  height,  throughout.  They  are  on  the  Pratt  arrangement; 
with  verticals  5  ft  apart  from  oen  to  cen;  and  single  oblique  iron  rods,  1  inch  square,  running  in 
each  direction  across  four  of  the  6  ft  panels.  Where  these  rods  pass  each  other,  they  are  tied  together 

by  10  or  12  turns  of  y^  inch  wire.    Each  vertical  oonsists  of  two  pieces  of  4J4"  by  6}i  timber,  placed 

44  ins  apart,  to  allow  the  oblique  rods  to  pass  between  them.  Both  upper  and  lower  Boor  girders  are 
in  two  pieces,  of  4  by  16  ins  each.  Pairs  6  ft  apart.  The  tops  and  bottoms  of  the  vertioals  pass  be- 
tween the  two  pieces  which  form  each  floor  girder.    No  tenons  or  mortises  are  need  in  the  framing. 

There  are  four  cables  of  iron  wire ;  two  on  each  side  of  the  bridge.  Each 

eable  is  10  ins  diam.  The  wire  is  scant  No.  9  of  the  Birmingham  wire  gauge,  or  scant  .148  inoh  diam. 
Sixty  wires  have  a  united  transverse  section  equal  to  one  square  inch  of  solid  iron.  Each  of  the  four 
oables  contains  3640  wires,  with  a  united  cross- section  of  80.4  sq  inaof  solid  metal.  Therefore,  the 
area  of  solid  metal  in  a  section  of  all  the  four  cables  together  is  241.6  sq  ins,  or  1.678  sq  ft ;  weighing 
814  lbs  per  ft  of  span.  The  wires  of  each  cable  are  first  made  up,  in  place,  into  7  small  strands ;  and 
these  are  firmly  bound  together  throughout  by  a  continuous  close  wrapping  of  wire.  The  strength  of 
each  individual  wire  is  1640  lbs,  or  .73214  of  a  ton.  This  is  equal  to  98400  lbs,  or  43.93  tons  per  sq  inch 
of  solid  metal;  or  to  5943-')60  lbs.  or  2653.3  tons  per  cable;  or  to  10613.2  tons  ultimate  strength  of  the 
four  cables  together.    One  cable  on  eaoh  side  of  the  bridge  deflects  54  ft ;  and  the  other  64  ft;  average 

deflection  59  ft,  or  about  -rV  of  the  »P*n.  With  this  av  defl  the  tension  on  the  cables  at  the  tops  of  the 
towers  averages  1.82  times  the  total  suspended  wt  of  the  span  and  Its  load.  See  table,  Art  1.  The  wt 
of  the  suspended  span  itself  is  about  900  tons ;  and  if  the  greatest  extraneous  load  on  the  two  floors 
together  be  taken  at  1  \i  tons  per  ft  run,  we  have  the  total  suspended  wt  900  ■+•  (800  X  1 M)  =  1900  tons. 
Aud  1900  X  1.82=8458  tons  tension  at  towers;  or  very  nearly  Jtfof  the  ultimate  strength  of  the  cables, 
without  any  allowance  for  momentum,  or  wind.  But  such  loads,  although  possible,  are  not  permitted 
to  come  upon  the  bridge. 

The  wires  were  perfectly  oiled  before  being  ma'de  into  strands;  and  when  the  strands  were  being 
bound  together  to  form  a  cable,  the  whole  was  again  thoroughly  saturated  with  oil  and  paint. 

The  cables  do  not  hang  vertically ;  but  the  two  upper  ones  are  about  37  ft  apart  from  center  to  cen- 
ter, where  they  rest  upon  the  towers,  (where  all  four  are  on  the  same  level ;)  and  are  drawn  to  within 
13  ft  of  each  other  at  the  oenter  of  the  span ;  and  at  the  level  of  the  railway  track  on  top  of  the 
bridge ;  while  the  two  lower  ones  are  about  89  ft  apart  at  the  towers,  and  25  ft  at  the  center  of  the  span, 
aud  at  the  level  of  about  halfway  between  the  two  floors. 

This  drawing-in  of  the  cables  contributes  much  to  lateral  stability ;  as  do  also  the  upper  and  lower 
floor  of  stout  plank.    There  is  no  horizontal  diagonal  floor  bracing. 

There  are  624  suspenders  of  wire  rope,  1*^  ins  diam,  and  5  ft  apart,  or  corresponding  with  the  floor 
girders,  whioh  they  uphold ;  and  with  the  wooden  verticals  of  the  trusses.  They  do  not  bans  verti- 
cally ;  but  Incline  Inward. 

The  masonry  towers  are  all  founded  on  rock.  They  are  "KH  ft  high  above  the  bottom  of  the  bridge; 
and  60)j  ft  above  the  upper  floor.  The  two  at  each  end  of  the  span  are  39  ft  apart  from  oenter  to  oen- 
ter. At  the  level  of  the  lower  floor  they  are  19  X  20  ft ;  and  21  ft  apart  in  the  clear.  At  the  level  of 
the  upper  floor  they  are  15  ft  square ;  and  24  ft  apart  in  the  clear.  From  there  they  taper  regularly 
to  the  top,  where  they  are  8  ft  square.  They  are  built  of  limestone,  In  heavy  dressed  nor  coarse* ; 
laid  in  cement ;  vertical  joints  grouted.  The  upper  courses  are  dowelled.  On  top  of  each  Cower  ia  • 
cast-Iron  plate,  8  ft  sq,  and  1%  ins  thick,  bedded  in  cement.  Part  of  the  top  of  this  plate  Is  planed, 
as  upon  it  move  the  rollers  whioh  support  the  cast-iron  saddles  on  which  the  cables  rest.  At  each 
tower,  eaoh  cable  has  its  separate  saddle  and  rollers.  Each  saddle  rests  on  10  cast-iron  rollers  25$< 
ins  long,  aud  5  ins  diam,  carefully  planed.    See  Fig  4  P.  They  He  loosely, and  close  together; 

and  are  kept  in  place  by  side  Hanges  on  the  bed-plate. 

The  cast  saddles  are  each  5  ft  long,  by  25H  ins  wide.  Their  bottoms,  which  rest  on  the  rollers,  are 
flat,  and  planed.  Their  tops  are  curved  to  a  rod  of  6^  ft;  to  suit  the  bend  of  the  cables  over  the  pfters; 
and  each  saddle  has  a  longitudinal  groove,  in  which  the  cable  lies.  The  passage  of  the  heaviest  trains 
produces  less  than  X  an  inch  of  movement  In  a  saddle. 

The  floors  have  a  camber  of  5  feet. 

A  change  of  100°  Fab.  of  temperature  causes  an  average  variation  of  about  VA  ft  in  the  defteetJon 
of  the  cables,  or  in  the  camber  of  the  roadways j  and  one  of  150°,  (about  the  extreme  to  which  the 
bridge  is  exposed,)  about  3%  ft.  The  passage  of  a  train  weighing  291  tons,  and  covering  the  entire 
length  of  the  span,  caused  a  deflection  of  10  ins ;  and  an  ordinary  train  deflects  it  only  from  3  to  6 
inches. 

This  bridge  has,  since  the  year  1853,  demonstrated  the  applicability  of  the  suspension  principle  tt 
large  span  railway  bridges.    Its  entire  cost  was  not  quite  $400,000. 

Art.  12.  The  wire  suspension  bridge  near  Freybnifr,  Swit- 
zerland, finished  in  1834,  Mr.  Chaley,  engineer,  and  still  in  fall  service,  is  of 
very  simple  construction,  and  has  served  as  the  prototype  for  several  in  this  country.  It  is  for 
common  travel  only ;  and  is  narrow:  its  entire  width  of  platform  being  but  21}<£ft;  anditselear 
available  width  but  19  ft.  The  dist  from  cen  to  cen  of  its  towers  Is  889  feet;  audits  clear  span  be- 
tween abutments  800  ft ;  or  the  same  as  the  Niagara.  There  are  4  oables,  eaoh  6  Ins  diam.  Each  of 
them  consists  of  1056  wires  of  No.  10,  or  full  %  inch  diam,  (or  71  wires  to  the  sq  inoh  of  moUd  metal ;) 
arranged  in  20  strands  of  about  53  wires  each.  The  four  cables,  therefore,  have  a  united  area  of  bat 
wsq  ins  of  solid  metal ;  weighing  202  lbs  or  .09  of  a  ton,  per  ft  run  of  span.    All  its  suspenders  an 

•  In  1886  the  wooden  piers  and  trusses  here  described  were  replaced  by  iron 
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vertical;  about  5  ft  apart;  and  each  upholds  one  end  of  a  transverse  floor  girder.  It  has  no  side 
trussing  except  the  slight  one  of  the  wooden  hand-railiug,  which  is  about  6  feet  high ;  and  con^e- 

quently,  with  its  great  span  it  is  quite  flexible.  The  deflection  of  the  cables  is  Jj  of  the  span  ;  hence 
the  strain  upon  them  at  the  top  of  the  towers  at  either  end,  is  1.82  times  (see  table  p  615)  the  wt  of 
the  suspended  span  itself,  and  its  extraneous  load ;  and  supposing  the  wire  to  be  as  good  as  that  of 
the  Niagara,  the  breaking  strain  of  the  four  cables  would  be  60  X  44  —  2640  tons ;  and  their  safe 
•traiu  cannot  be  taken  at  more  th£n  X  as  much,  or  880  tons.    The  suspended  weight  reqd  to  produce 

this  safe  strain  would  of  course  be  — -  =  484  tons.    The  suspended  weight  of  the  span  itself  cannot 

well  be  less  than  .3  of  a  ton  per  ft  run  ;  or  240  tons  in  all ;  •  thus,  leaving  484  —  240—244  tons  for 
the  maximum  safe  extraneous  load.  This  amounts  to  .305  of  a  ton  per  ft  run  of  span  :  or  86  lbs  per 
sq  ft  of  its  platform,  19  ft  wide  in  the  clear.  The  French  allowance  is  41  lbs  per  sq  ft;  t  and  since  no 
allowance  is  here  made  for  momentum  or  wind,  it  is  plain  that  this  celebrated  bridge,  on  account  of 
its  slight  cables,  and  its  flexibility,  is  by  no  means  a  strong  one.  In  that  respect,  as  well  as  steadi- 
ness, it  is  much  inferior  to  the  one  next  spoken  of.  It  is  said,  however,  to  have  withstood  very  severe 
tempests;  and  also  to  have  been  occasionally  completely  covered  by  crowds  of  people.  If  so,  their 
lives  were  not  very  secure. 

Art.  13.    The  wire  suspension  bridge  across  the  Schuylkill 

atPbilada,  finished  in  1842,lChas  Ellet,  Jr,  engineer,  is  somewhat  similar  in  character,  and  in  the 
dimensions  of  its  details,  to  the  preceding ;  but  being  of  much  less  span,  is  much  stronger.  Its  spnn 
from  cen  to  cen  of  towers  is  858  ft;  suspended  platform  between  abuts  842  ft.  It  bas  ten  cables  of  S 
Ins  diam ;  five  on  each  side.  Their  united  sections  present  55  sq  ins  of  solid  iron ;  or  nearly  as  much 
•s  the  preceding  bridge  of  860  ft  clear  span.    The  five  cables  on  either  side  have  different  deflections, 

ranging  between  the  -fa  and  the  -^  of  the  span  from  tower  to  tower.    The  dist  from  oen  to  cen  of 

towers  at  either  end  of  the  span  is  35  J£  ft;  and  on  top  of  each  tower  the  cables  (considerably  flattened 
at  that  point)  lie  side  by  Ride  on  a  Bingle  roller  about  SO  ins  long,  and  6  ins  smallest  diam,  which  has  5 
grooves,  for  their  reception.  Each  cable  is  drawn- in  about  3 Hi  ft  at  the  center  of  the  span.  At  in- 
tervals of  20  ins  the  parallel  wires  of  the  cable  have  a  close  wrapping  of  finer  wire  for  a  distance  of 
8  ins. 

The  suspenders  are  of  wire;  and  are  H  inch  diam ;  and  4  ft  apart.  On  any  one  cable  they  are  20 
ft  apart.    They  all  Incline  slightly  inward. 

The  width  of  the  platform  from  out  to  out  is  27  ft;  and  in  clear  of  hand-rails  25  ft.  Inside  of  the 
hand-rail  is  a  footway,  4  ft  4  ins  wide,  on  each  side  of  the  bridge.  The  remainiug  16  ft  4  ins  serves 
for  a  double  carriage  way,  or  double-track  street  railway.  Figs  5  show  the  arrangement  of  the  wood- 
work, on  a  scale  of  % 
inch  to  a  ft.  The  trussing 
of  the  parapets  is  on  the 
Howesvstem, 
which  does  not  appear  to 
be  as  well  adapted  as  the 
Pratt,  to  suspension 
bridges.  The  diagonals 
in  the  Fairmount  bridge 
work  themselves  out  of 
place  laterally,  by  the 
vibrations  of  the  bridge ; 
and  we  have  occasional- 
ly seen  several  of  them 
almost  on  the  point  of 
falling  out  entirely. 
Being  under  municipal 
charge,  it  is  of  course 
neglected.  The  upper 
chords   u,   are    12  ins 

vide  by  6  ins  deep;  the  lower  ones  1,  and  the  stringer  c,  below  them,  are  each  12  wide,  by  7  deep. 
The  diagonals  i  are  all  4  ins  wide,  by  5  deep.  The  angle-blocks  at  their  ends  are  of  cast  iron,  hollow, 
and  about  H  inch  thick.  The  vert  iron  reds  v,  (in  pairs,)  are  %  iuch  diam  near  the  center  of  the 
span ;  and  \%  at  Its  ends.  The  top  chords  are  spliced  on  each  vert  face  by  an  iron  bar,  of  5  ft  by  8 
Ins,  by  }4  incn  ;  w^tn  4  bolts  passing  through  them.  The  splice  or  the  bottom  chord  has  merely  2 
bolts,  side  by  side  ;  (see  Figs  5 ;)  which  (except  S)  are  to  a  scale  of  %  inch  to  a  ft.  The  floor  girders  g, 
4  ft  apart  from  cen  to  oen,  are  6  by  14  ins  at  their  ends ;  and  6  by  16  at  center. 

The  floor  is  of  two  thicknesses  of  2-inch  plank;  except  the  footpaths,  which  are  single  thickness. 

The  wires  were  well  oiled  when  the  cables  were  made ;  and  afterward  painted. 

At  8  is  shown  the  mode  of  uniting  a  suspender  with  a  cable,  o,  by  means  of  a  small  cast-iron  yoke 
g,  which  straddles  the  cable ;  and  on  the  back  of  which  is  a  groove  H  of  an  inch  wide,  in  which  the 
suspender  rests.  The  metal  of  the  yoke  is -about  %  inch  thick.  Since  the  lower  ends  of  the  wires 
which  compose  a  suspender  cannot  themselves  be  formed  into  a  screw-bolt,  for  upholding  the  floor 
girders,  they  are  passed  through  the  eye  of  n  screw-bolt  of  bar  iron  ;  then  doubled  on  themselves,  and 
held  by  a  wrapping  of  wire.  It  is  well  to  introduce  a  yoke  here  also,  to  prevent  the  wear  of  the  wires 
by  friction.     The  small  flg  on  the  right  of  S  is  an  edge  view  of  the  yoke  g. 

»  This  is  probably  nearly  its  actual  weight,  as  obtained  by  comparing  it  with  the  Fairmount  bridge} 
which,  by  a  oareful  estimate  by  the  writer,  weighs  .375  of  a  ton  per  ft  run  ;  but  is  connidernbly  wider 
than  the  Freyburg ;  and  carries  four  Hoes  of  light  street-rails.  But  if  the  Frey  burg  has  longitudinal 
joists,  it  will  weigh  about  .03  ton  more  per  ft  run. 

tThe  greatest  load  that  can  come  upon  an  ordinary  bridge,  is  a  dense  crowd  or  people  ;  and  this 
the  French  engineers  estimate  at  41  lbs  per  Rq  ft  of  platform.  This  is  certainly  as  great  as  can  well 
occur  under  ordinary  ciroumstanoes;  but  it  may  be  considerably  exoeeded.  The  French  estimate, 
moreover,  ineludes  no  allowance  for  wind,  or  for  the  crowd  being  in  motion.  Including  these,  the 
writer  thinks  that  no  suspension  bridge  should  have  a  lea*  safety  than  3,  against  100  lbs  per  sq  ft; 
added  to  the  weight  of  the  bridge  itself.  A  less  coeff  of  safety  is  admissible  in  a  wire  bridge  than 
lu  an  iron  trussed  one,  on  account  of  the  greater  reliability  of  the  material.    See  foot-note,  p  606. 

i  Removed,  1873,  and  replaced  by  a  trust  bridge  of  348  ft  span,  by  Keystone  Bridge  Co. 
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There  ti  no  transverse  bracing  under  the  floor ;  nor  are  there  longitudinal  floor  joists  resting  on  the 
girders.  Owing  to  the  want  of  the  distributing  effect  of  these ;  and  to  the  use  of  so  many  small  cables 
Instead  or  but  2  or  4  larger  ones  ;  as  well  as  to  the  inefficient  trussing  or  the  hand-railing  or  para- 
pets, the  bridge  is  much  less  steady  than  it  would  otherwise  be. 

With  wire  of  the  same  quality  as  the  Niagara,  (or  44  tons  per  sq  inoh  breaking  strength,)  the  Fair- 
mount  bridge  would,  with  a  safety  of  3,  (omitting  momentum  and  wind.)  sustaiu  an  extraneous  lead 
of  346  tons ;  which  is  equal  to  1.01  ton  per  ft  run  of  spau ;  or  90  lbs  per  sq  ft  of  its  clear  platform. 
This  last  is  2.5  times  as  great  as  the  strength  of  the  Freyburg,  with  the  same  quality  or  wire.  The 
Fair-mount  is,  however,  we  beliere.  built  with  wire  of  but  36  tons  per  sq  inch  ultimate  strength.  If 
so.  its  greatest  extraneous  load  becomes  reduced  to  260  tons ;  or  .76  ton  per  ft  run ;  or  68  lbs  per  sq  ft 
of  platform,  or  nearly  twice  that  of  the  Freyburg. 

The  towers  are  of  out  granite,  iu  heavy  courses.  They  are  8%  ft  square  at  the  ground  line,  or  level 
of  the  floor ;  about  5  ft  sq  at  the  top ;  and  about  30  ft  high.  The  backstays  have  the  same  angle  of 
direction  as  the  main  cables. 

Art.  14.  The  Wheeling  bridge  across  the  Ohio  at  Wheeling,  Vir- 
ginia, also  by  Mr  Ellet.  bad  a  span  of  1010  ft  between  the  towers ;  and  960  feet  clear  span  between  the 
abuts ;  and  was  26  ft  wide  from  out  to  out.  Its  mode  or  construction  was  much  the  same  even  in  de- 
tail as  that  of  the  Fair  mount  bridge;  except  in  having  12  cables  instead  of  10.  The  12  cables  con- 
sisted of  6600  wires  of  No.  10  Birmingham  gauge,  presenting  a  sectional  area  of  93  sq  ins  of  solid  metal, 
weighing  313  lbs,  or  .11  of  a  ton,  per  root  of  span.  The  weight  of  tbc  woodwork  was  about  the  same 
per  foot  run  or  span  as  in  the  Fairmount.  Although  its  clear  span  was  2.8  times  as  great  as  the 
Fairmount,  yet  its  cables  had  but  1.7  times  as  great  area  of  solid  metal.    The  entire  suspended  wt 

between  towers,  is  stated  at  but  440  tons;  therefore,  with  an  average  deflection  of  -J^r  of  the  span, 

for  a  safety  or  3  against  100  lbs  per  sq  rtof  platform  of  24  ft  clear  width;  or  1.07  tons  per  ft  run  or  span, 
the  area  or  solid  metal  in  the  cables  should  have  been  175  sq  ins,  with  44  ton  wire  like  that  or  the  Ni- 
agara :  or  314  sq  Ins,  with  36  ton  wire,  which  we  believe  was  the  quality  actually  used. 

Art.  15.    The  suspension  canal  aqueduct  at  Pittsburg**  Penn, 

built  in  1845,  John  A  Roebling,  Esq,  engineer,  has  seven  spans  of  160  ft  each.  Deflection  14)$  ft ;  at 
about  -j*j-  of  the  spau.  It  has  but  two  cables,  each  7  ins  dlam.  The  two  together  contain  3800  No.  If 
wires,  making  53  sq  ins  of  solid  metal  section.  Ultimate  strength  or  each  wire  1100  lbs ;  equal  to  35.1 
tons  per  sq  inch  of  solid  metal ;  and  making  the  ultimate  strength  of  the  two  cables  together  1866  tons. 
The  prism  of  water  in  the  wooden  aqueduct  is  4  ft  deep ;  by  1491  ft  average  width ;  and  weighs  26S 
tons  per  span.  The  wt  of  one  span  of  the  structure  Itself  is  about  111  tons;  making  the  total  sus- 
pended wt  at  each  span  376  tons.    The  tension  on  the  two  oables  at  either  end  of  a  span,  with  a  dell 

of  -j*p  Is  1.46  times  the  total  suspended  weight ;  see  table,  p  615.     Hence  it  is  in  this  case  376  X 1-40 

1  QfH* 

=  549  tons ;  and  the  strength  or  the  cables  is   —  =3.4  times  the  constant  strain  upon  them. 

On  one  side  of  the  water  is  a  tow  path  for  horses ;  and  on  the  other  a  footpath ;  each  7  ft  clear  width. 
With  these  occupied  by  horses  and  people,  the  foregoing  safety  would  be  reduced  to  about  3.  The 
loaded  boats  do  not  add  materially  to  the  weight,  inasmuch  as  they  displace  a  bulk  of  water  equal  to 
their  own  wt ;  and  but  little  of  the  displaced  water  remains  on  a  spnn  at  the  same  time  with  the  boat. 

The  great  wt  of  the  water  prevents  undulations ;  and  the  aqueduct  is  therefore  very  steady.  On  this 
account  a  less  coeff  of  safety  is  admissible  than  on  a  common  bridge. 

The  aqueduct  leaked  badly  along  its  lower  corners. 

Art.  16.  In  1796,  Mr  James  FInley ,  of  Fayette  County,  Penn, 
Introduced  suspension  bridges  in  the  V.  S.  ;  and  built  several  with 
spans  of  200  feet  and  less.  Many  or  them  were  very  primitive  structures ;  but  answered  sufficiently 
well  for  the  times.  They  bad  usually  either  two  or  four  chains,  composed  or  links  from  7  to  10  feet 
long,  formed  by  bending  about  1^-inch  square  bars  or  iron,  and  welding  their  ends  together.  At 
each  link-end,  was  a  vertical  suspender  rod  or  2  ins  by  H  inch  iron ;  whiob,  at  its  lower  end.  was 
bent  and  welded  into  a  stirrup  for  upholding  one  end  of  a  transverse  floor  beam.    On  these  beams 

rested  longitudinal  joists  supporting  the  floor  plank.  Finley  used  deflections  as  great  as  \,  or  even 
"%  or  the  span  ;  and  bis  piers  were  frequently  single  wooden  posts :  the  two  at  each  end  being  braced 
together  at  top.  Such  were  used  in  a  span  of  151}$  ft  olear.  scross  Will's  Creek,  at  Cumberland.  Md. 
It  had  two  chains.  The  defl  was  %  of  the  span.  The  double  links  or  1%  inch  sq  iron,  were  10  feet 
long.  The  center  link  was  horizontal,  and  at  the  level  of  the  floor;  and  at  its  ends  were  stirruped 
the  two  central  transverse  girders.  From  the  ends  of  this  central  link,  the  chains  were  carried  fa 
straight  lines  to  the  tops  of  the  single  posts.  25  ft  high,  which  served  as  piers  or  towers.  The  back- 
stays were  carried  away  straight,  at  the  same  angle  as  the  oables :  and  each  end  was  confined  to  four 
buried  stones  of  about  H  a  cub  yard  each.  The  floor  was  only  wide  enough  for  a  single  line  of  ve- 
hicles. All  the  transverse  girders  were  10  ft  apart;  and  supported  longitudinal  joists,  to  which  the 
floor  was  spiked.  There  were  no  restrictions  as  to  travel ;  but  lines  of  earts  and  wagons  in  close  suc- 
cession, and  heavily  loaded  with  coal,  stone,  iron,  Ac,  crossed  it  almost  daily  :  together  with  droves 
or  cattle  in  full  run.  The  slight  hand-railing  of  iron  was  hinged,  so  as  not  to  be  bent  by  the  undu- 
lations of  the  bridge.  Six-horse  wagons  were  frequently  driven  scross  in  a  rapid  trot.  It  was  built 
in  1820;  and  an  observant  engineer  friend,  who  in  18.18  took  the  sketoh  and  measurements  upna 
which  this  description  is  based,  informed  the  writer  that  the  iron  wss  as  perfect,  and  as  sharp  on  alt 
its  edges,  as  on  the  day  it  wss  built.  The  iron  was  the  old-fashioned  charcoal,  of  full  30  tons  per  sq 
Inch  ultimate  strength.  The  united  cross-section  of  the  two  double  links  was  7.56  sq  ins;  which,  at 
80  tons  per  sq  inch,  gives  227  tons  for  their  ultimate  strength ;  or  say  76  tons,  with  a  eafetv  of  S.  New, 
with  a  defl  or  %  span,  the  tension  on  the  cables  (see  table)  is  but  .9  of  the  suspended  total  wt. 

The  two  chains  in  piece  would  therefore  sustain,  with  a  safety  of  8,  a  quiet  suspended  toad  of  76  X 
.9  =  68  tons ;  and  as  the  span  Itself  did  not  weigh  mors  than  15  tons,  we  have  63  tons  for  the  sale  ex- 
traneous weight,  omitting  all  consideration  of  wind  and  momentum.  This  is  equal  to  .36  ton  per  ft 
of  span ;  equal  to  .7  ton  for  a  bridge  wide  enough  for  two  vebloles  to  pass.    This  primitive 
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bridge  would  therefore  safely  sustain  a  greater  load  per  loot 
ran  of  span,  than  the  Freyburg. 

These  old  bridges  frequently  foiled  by  the  rotting  of  the  end  poets ;  or  were  carried  away  by  fresh* 
ets ;  but  we  have  never  heard  of  a  failure  from  the  breaking  of  the  chains.  Many  of  them  were  built 
in  a  much  more  perfect  style  than  the  one  just  described ;  and  on  the  most  used  roads  in  the  Union. 
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TEST  BORINGS. 


Pierce9*  Well-borer,  made  by  the  Pierce  Altaian  and  0 1  Well  Supply  Co., 
80  Beaver  Street,  New  York,  is  an  excellent    tool  for  boring  into  soil», 

ivel,  even  when  quite  indurated,  or  when  frozen.      It  will 
not  bore  through  hard  rock,  or  through  large  boulders.     It 
consists  of  two  sheet-iron  cylindrical  segments  S  S,  called 
"pods,"  having  their  lower  or  cutting  edges  shod  with  steel. 
These  edges  project  (as  shown  in  Fig  1)  l>eyond  the  sides  of 
the  auger,  and  thus  make  the  hole  larger  than  it,  so  that  it 
cannot  bind  or  stick.  The  two  cutting  edges  are  equidistant 
_    from  the  vert  cen  line  of  the  tool,  and  this  insures  a  straight 
I   and  vert  hole.    At  a  the  augor  is  attached  to  the  lower  end 
of  a  vert  boring  rod  composed  of  a  number  of  1%-inch  square 
iron  bars,  or  2^-inch  iron  tubes,  about  10  to  16  ft  long, 
jointed  together  at  their  ends  by  means  of  square  socket- 
joints.    At  the  top  of  this  boring-rod  is  a  swivel-hook,  by 
means  of  which  the  entire  apparatus  is  hung  to  the  end  of  a 
Fio  1.  Fio  2.     rope,  which  passes  over  a  pulley  at  the  top  of  a  derrick  or 

tripod,  and  down  to  a  drum  worked  by  a  windlass  and  gear- 
ing. By  mean 8  of  this  drum  and  rope,  the  auger  and  boring-rod  (which  at  first  con- 
sists of  only  one  bar)  are  lifted,  and  suspended  over  the  intended  hole.  The  auger 
is  then  lowered,  and  rotated  hor  by  two  men  or  one  horse,  workiug  at  the  ends  of 
levers  which  grip  the  boring-rod  a  few  ft  above  the  ground.  The  swivel  at  the  top 
of  the  boring-rod  permits  this  rotation  to  take  place  without  twisting  tho  rope. 
The  shape  of  the  auger  is  such  that  its  rotation  feeds  or  screws  it  into  the  ground ; 
and  the  man  at  the  windlass  has,  during  the  boring,  merely  to  keep  the  rope  tight, 
so  as  to  prevent  the  auger  from  boring  too  fast,  and  becoming  clogged.  In  about  8 
revolutions  the  auger  fills  with  earth.  By  means  of  the  windlass  it  is  then  raised 
to  about  2  ft  above  the  ground;  and  by  unkeving  and  removing  the  band  6  the  auger 
is  opened  like  a  pair  of  tongs,  and  the  earth  emptied  into  a  wooden  box  which  has 
in  the  meantime  been  placed  over  the  hole.  The  box  is  then  removed  and  emptied, 
and  the  boring  proceeds  as  before.  When  the  boring  has  reached  a  depth  of  about 
10  ft,  a  second  bar  must  be  added  to  the  top  of  the  rod.  For  this  purpose  the  rod 
and  auger  are  raised  a  few  inches ;  a  slight  frame-work  of  boards  is  placed  on  the 
ground,  close  to  the  boring-rod  and  surrounding  it;  and  a  flange  is  clasped  tightly 
to  the  rod  just  above,  and  close  to,  the  framework.  The  framework  and  flange  now 
support  the  rod  and  auger;  the  swivel-hook  and  rope  are  removed,  Hnd  attached  to 
the  upper  end  of  the  second  bar,  which  is  then  raised,  and  its  lower  end  is  fastened 
into  the  socket-joint  upon  the  top  of  the  first  oue.  The  rope  is  then  drawn  tight; 
the  flange  removed ;  the  auger  lowered  to  the  bottom  of  the  hole ;  and  the  boring 
resumed.  Additional  lengths  of  I>oring-rod  are  attached  in  the  same  way  from  time 
to  time,  as  required  by  the  descent  of  the  auger. 

The  borers  are  made  from  6  to  18  ins  diam,  or  larger  to  special  order.  If  desired, 
the  boring  may  be  made  from  24  to  36  ins  diam  by  uttaching  a  reamer  to  the  auger. 
This  auger  will  bore  to  a  depth  of  100  ft  or  more  at  the  rate  of  from  5  to  20  ft  per 
hour.  It  removes  stones  as  large  as  half  the  diam  of  the  hole.  In  dry  soils  a  bucket- 
ful of  water  is  poured  into  the  hole  each  time  the  auger  is  raised. 

The  Pierce  well-borer  may  be  advantageously  used  in  boring  the  holes  for  sand* 
piles,  p650,  and  at  times,  instead  of  driving-  wooden  pile*,  it  may 
be  better  to  plant  them  (butt  down  if  preferred)  in  holes  bored  by  this  auger;  ram- 
ming the  earth  well  around  them  afterwards.  This  will  save  adjacent  buildings 
from  the  jarring  and  injury  done  by  a  pile  driver. 

If  sand,  mad,  or  lqose  gravel  is  reached  in  boring  with  this  tool, 
the  hole  is  reamed  out  4  ins  larger,  and  a  tubing  of  inch  boards  is  inserted  into 
the  hole,  and  driven  into  and  through  the  sand  or  gravel,  which  is  then  removed 
from  within  the  tubing  by  means  of  thesand-pnniu  furnished  with  each  machine. 
This  consists  of  a  hollow  iron  cylinder,  about  o  ins  diam  X  30  ins  long,  with  a  valve 
at  its  foot,  opening  upward.  It  is  lowered  to  the  bottom  of  the  hole;  covered  with 
water  to  a  depth  of  2  to  4  ft,  and  churned  quickly  up  and  down  4  to  6  ins,  by  hand, 
20  or  30  times,  during  which  the  sand  fills  the  pump,  which  is  then  drawn  up  and 
emptied.  From  10  to  20  ft  in  depth  of  sand,  mud,  Ac,  per  hour  can  thus  be  takeu 
from  a  6  to  18-inch  hole.  This  pump  is  also  used  for  removing  broken  earth,  Ac, 
from  a  hole  bored  in  compact  earth  by  the  Pierce  borer  first  described. 

The  cost  of  a  Pierce  auger,  with  derrick,  boring-rods,  rope,  sand-pump,  Ac,  Ac, 
complete,  is  (1888)  about  $176.    The  anger  weighs  from  160  to  200  lbs, accord- 


ing to  size.    Boring- rod  V/£  ins  sq,  2!%  lbs  per  ft.    Derrick,  150  lbs. 

>*s  Sand -borer.  Figs  3  and  4,  like 
used  inside  of  tubing,  and  for  the  same  purpose.    The  hollow  iron  cylinder  0,  10  ins 


Pierce's  Sand-borer-  Figs  3  and  4,  like  the  sand-pump  just  described,  is 


diam  X  30  ins  long,  slides  vertically  on  the  rod,  but  the  screw  is  fast  to  the  rod. 
While  boring,  tho  sand  below  and  around  the  cyl  keeps  it  in  the  position  shown  in 
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'i Till    The  rod  is  then 


a  steel  prospecting  mnr,  from 
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The  boring  tool  shown  In  vert  section  by  Fig  6, 

•ml  In  hor  cross  hbIIdb  bi  Hi  :>.  !■  far}  usefnl  for  boring  »n»l. 
low  holpm  by  hnnd  through  surface  soIIh,  clay,  and  g 


;ed-o. shaped  forging,  which,  by  menus  o(  Vila 


The  boring  Is  dune  by  two  men,  who  grasp  the  handle,  and, 
holding  the  tool  vert.  ■Iiiv  it  ioiu  tlju  tiuinnl  h)  rv], eat  .'illy 
lifting  it  and  forcibly  i..fiijKiiiif  ii  .l..wii  njioii  tlio  seme  spot.    As 

cansM  it  to  op™  "lifilitlv.'iLii'-i  i>'tK°rth!i('"'do8.v°w8jd"pt™gis  » 
llaved  in  lining  it.  it  springs  buck  nnd  grasps  Hie  earth  which 
has  entered  it.    It  soon  fills;  and  the  men,  finding  that  It  censes 


todiminhli   friction.     It  "ill  bring  up  full  samples.     Renairei 
other  simple  njiiilu  uC  lifting,  wli'.-n  tin:  icrew  is  full. 
Artesian  Well  Drilling.    Deep  veil  holes  In  earth  a 

In   .linrn    HM.-h  "^  ur^T-nn,!   f7,r  „  .-,.«  i-.i  T!   utdlu  f^r  „.l  l..h I    _.,,t 


tiona,  are  drilled  byre 
iron  bit,  Figl.p«a»,wi 
tally  niter  each  blow,  I, 


hardness  of  the 


a  hor  lever,  which,  by  uioans  of  a  lioiw.].invl>r  or  -liiiui-.-tigiiic,  is  kept  con- 
stantly moving  tin  ami  ri.mti  with  u  hhl-hiw  motion.  Ths  sti  ins  A  li.nl.',  will,  [lie 
cutting  edge  of  the  bit  at  Its  lower  end,  is  thus  alternately  lifted  from  £  to  4  It,  and 
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let  fall,  from  80  to  50  times  per  minute,  and  so  drills  its  way  into  the  rock  or  earth. 
From  4  to  10  ft  in  depth  of  water  are  kept  in  the  hole,  to  facilitate  the  drilling:  and 
the  removal  of  debris.  After  water  is  reached,  the  drilling  may  be  continued,  even 
if  the  hole  is  full  of  water ;  but  a  great  depth  of  water  of  course  diminishes  the  force 
of  the  blows  of  the  bit.  A  suitable  arrangement  must  be  provided  for  paying 
out  the  rope  as  the  boring  tool  descends.  A  clamp  is  attached  to  the  cable; 
and  the  man  in  charge,  by  turning  the  clamp,  twists  the  rope,  and  thus  tarns 
the  bit  horizontally  about  one-fifth  of  a  revolution  after  each  stroke,  until 
six  or  eight  complete  revolutions  have  been  made  in  one  direction.  He  then  re- 
verses the  motion,  and  makes  an  equal  number  of  turns,  at  the  same  rate,  in  the 
opposite  direction. 

After  drilling  a  few  feet,  the  string  of  tools  is  lifted  out  of  the  hole  by  means  of 
the  cable,  to  allow  the  removal  of  the  debris  which  has  accumulated  in  the 
hole.  This  is  done  by  means  of  a  sand-pump,  which  is  a  sbeet-irou  cylinder, 
say  4  ins  diam,  and  4  to  6  ft  long,  provided,  at  its  foot,  with  a  valve  opening  upward. 
The  pump  is  lowered  to  the  bottom  of  the  hole,  and  filled  with  the  mixed  water  and 
debris  by  churning  it  up  and  down  a  number  of  times.  Sometimes,  in  addition  to 
the  valve,  the  pump  is  fitted  with  a  plunger,  which  is  at  the  foot  of  the  pump  when 
the  latter  is  let  down  to  the  bottom  of  the  hole.  The  plunger  is  then  drawn  up  into 
the  pump,  and  the  debris  follows  it.  In  either  case,  the  pump,  when  filled,  is  lifted 
out  of  the  hole  and  emptied ;  the  string  of  tools  is  again  lowered  into  the  hole,  and 
the  drilling  resumed.  The  debris  must  be  removed  after  every  3  to  5  ft  of  drilling. 
Otherwise  it  would  interfere  too  greatly  with  the  action  of  the  bit. 

Wells  are  usually  drilled  from  6  to  8  ins  diam.  For  diams  less 
than  6  ins,  the  tools  are  so  slender  that  they  are  liable  to  be  broken  in  a  deep  hole. 

The  8am e  apparatus  is  used  for  drilling  through  the  earth  above 
the  rock,  before  the  latter  is  reached.  This  is  called"  spudding."  In  this  case 
the  sides  of  the  hole  must  be  prevented  from  caving  in.  For  this  purpose  a  w  rough  t- 
irou  pipe  of  such  diam  as  to  fit  the  hole  closely,  and  XA  inch  thick,  is  inserted  into 
the  hole,  and  is  driven  down  from  time  to  time  as  the  drilling  proceeds.  The  pipe 
is  driven  by  means  of  a  heavy  maul  of  oak,  or  other  hard  wood,  14  to  18  ins  square, 
and  10  to  16  ft  long.  This  maul  is  attached,' by  one  end,  to  the  lower  end  of  the 
same  cable  which,  during  drilling,  supports  the  string  of  tools.  It  is  thus  repeat- 
edly lifted,  and  dropped  upon  the  head  of  the  tube,  which  is  protected  by  a  cast-iron 
*'  driving-cap."  The  foot  of  the  tube  is  shod  with  a  steel  cutting-edge  ring,  or  "steel 
shoe."  When  the  tube  has  been  driven  as  far  as  it  will  readily  go,  the  maul  is  re- 
moved from  the  end  of  the  rope ;  the  string  of  tools  substituted ;  and  the  drilling 
resumed  within  the  pipe. 

The  pipe  is  put  together  in  lengths  of  from  8  to  18  ft,  and  the  drilling  and  pipe- 
driving  proceed  alternately  until  the  rock  is  reached,  and  the  foot  of  the  pipe  forced 
into  it  to  a  depth  of  a  few  ins,  or  far  enough  to  shut  off  quicksand  or  surface  water. 

If  quicksand  is  encountered,  the  string  of  tools  is  removed,  and  the 
sand-pump  is  used  inside  of  the  pipe. 

For  reaming  out,  or  enlarging,  holes,  or  for  straightening 
crooked  ones,  Ac,  special  tools,  such  as  reamers,  Ac,  are  substituted  in  place  of  the 
boring  bit. 

Special  care  must  be  taken  to  have  all  the  rubbing  surfaces  thor- 
oughly lubricated.  The  pulley  in  the  mast-head,  and  the  pinion-wheels 
of  the  horse  power  (if  such  be  used)  should  be  well  oiled  every  two  or  three  hours. 

In  very  cold  or  wet  weather,  a  shed  of  rough  boards,  or  a  cover- 
ing of  canvas,  about  8  ft  high,  should  be  erected,  to  protect  the  men;  and,  if  steam 
is  used,  2  or  3  boards  should  be  used  as  a  covering  for  the  belt,  which  will  slip  If  wet. 

The  following  description  is  based  upon  the  improved  machines  made  by  the 
Pierce  Artesian  and  Oil  Well  Supply  Co.,  80  Beaver  Street,  New  York,  who 
make  a  specialty  of  artesian  well  machinery,  and  of  steam  engines  and  horse- 
powers for  its  operation.  They  also  sink  wells  to  any  required  depth,  in  any 
country. 

For  holes  from  200  to  lOOO  ft  deep,  this  Go  furnish  portable  drill- 
ing machines,  to  be  worked  by  horse  or  steam  power.  In  these  machines,  the 
drill-rope,  extending  from  the  string  of  tools  np  out  of  the  hole,  passes  over  a  sheave 
at  the  top  of  a  wooden  mast;  down  to,  and  around,  a  pulley  fast  to  the  working 
lever;  and  thence,  by  way  of  a  pulley  fixed  at  the  foot  of  the  mast,  to  a  drum  ui>on 
which  it  is  wound.  To  this  drum  a  friction  and  ratchet  wheel  is  attached,  for  pay- 
ing out  the  cable  as  the  tools  descend. 

The  mast  is  hinged  six  feet  above  its  foot,  so  that  its  upper  part  may  be 
laid  hor  when  the  machine  is  to  be  moved.  When  at  work,  it  is  held  in  position  by 
two  timber  struts  or  braces,  bolted  to  it  near  its  top,  and  having  their  lower  ends 
fastened  to  the  "drill-Jack,"  which  Is  a  light  and  strong  framework,  9  ft  long, 
8  ft  wide,  and  4  ft  high,  at  the  foot  of  the  mast,  containing  the  working  lever  which 
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mil  tin  niovemenu  of  Ih^michinp.  'dneof  ih«V 


-  , .jo  tools  usihI  with  lit  emu  n 

Chines,     For  the  tlincrent  aiiea  of  maehin*-  thej  -liner 

Hii.-fl.v  In  thrir  dmnm. >],.,,..  ami  1.-,-1t!hlB.  I'in  1  i*  Hit 
drilling  bit,  raUed  *  ■  /,"  bit  f..:m  tha  stupe  ut  it.  cm- 
tlng-nlge.    Thin  edge  ia  fl  tin  loog.    The  bit  W  30  lo  38  im 

foot  'of  ths  '*»nier-8t™i>  FiE  i,  whist  li  uf  3-lncli 
round  iron,  14  rt  lang,  awl  weigha  300  Iba.  Its  uaeia  ttiat 
oT  n  WOllfct,  tiling  ndMllkiiiftl  force  1o  Ibe  blowa  of  the  bit. 
It>  lop  ia  aerewud  Into  the  font  of  the  "drill -J on,"  fie 
3-  and  to  the  top  of  Ibeae  ia  acreweiltbe  «  ropf-HOrket,'' 

FiK  4,  In  wliioli  t.lic  dr jS  (*!.].■  ia  iittachct    IT  the  bit, 

or  aucer^Um,  Ikcoiium  wedded  In  the  hole 
by  «nj  mtntw,  tin.  i>[nTut<irnt!i|ia  ilir  churning  motion 


«lghi  about  800  tt>a.,  and  coma  a) 


II  to  3000    feet  dec 
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The  motive  power  is  a  15-hp  steam-engine,  which,  by  means  of  a  belt  and  pulley, 
or  auk  and  pitman,  working  at  one  end  of  the  walking-beam,  gives  to  the  latter  its 
see-saw  motion.  To  the  other  end  of  the  beam,  and  immediately  over  the  well,  is 
(suspended,  by  means  of  a  hook,  a  "  temper-screw."  This  last  is  composed  of  two 
bars  of  irou,  about  %  X  2  ins,  5  ft  long,  hung  2  ins  apart,  fastened  together  at  their 
top  ends,  at  which  point  there  is  an  eye,  which  is  suspended  on  the  walking-beam 
hook.  At  the  bottom  of  the  two  bars  there  is  a  sleeve-nut,  and  between  the  two 
bars  and  passing  through  the  nut,  is  a  screw  5  ft  long,  at  the  bottom  of  which  there 
is  a  head,  which  carries  a  swivel,  set-screw,  and  a  pair  of  clamps.  These  grasp  the 
<»ble,  2  or  2%  ins  diam,  which  carries  at  its  lower  end  the  string1  of  tools. 
This,  for  a  2000-ft  hole,  consists  of  a  steel  bit,  3  or  4  ft  long,  weighing  200  to  400  lbs; 
an  auger-stem  of  4  or  5-inch  round  iron,  from  24  to  30  ft  long,  and  weighing  from 
1200  to  2100  lbs;  steel-lined  drill-jars  8  ft  long,  weighing  600  to 700  lbs;  a  sinker-bar 
of  round  iron  of  same  diam  as  the  auger-stem,  12  to  15  ft  long,  and  weighing  from  600 
to  1100  lbs ;  aud  a  rope-socket,  2V£  ft  long,  weighing  200  lbs.  Total  length  of  string 
of  tools,  50  to  60  ft,  total  weight,  3000  lbs  ;  or,  for  an  8-inch  hole  in  the  hardest  rock, 
4000  lbs.  The  sinker-bar  is  added  to  give  additional  wt,  and  thus  to  assist  in 
pulling  the  cable  down  through  the  water,  either  in  lowering  the  string  of  tools  or 
in  working  the  drill-jars.  The  shapes  of  the  other  tools  are  given  by  Figs  1  to  4. 
Special  tools  are  used  for  recovering  articles  that  may  be  accidentally  dropped 
into  the  hole. 

The  drilling:  eabie  is  wound  on  a  drum,  called  a  bull-wheel  shaft,  at  the 
foot  of,  and  inside  of,  the  derrick.  While  drilling  is  going  on,  it  passes  from  the 
bull-wheel  shaft  loosely  over  the  sheave  at  the  top  of  the  derrick,  and  down  to  the 
clamps  at  the  lower  end  of  the  temper-screw  on  the  end  of  the  walking-beam.  As 
tile  drilling  progresses,  the  temper-screw  is  turned  or  fed  out  by  the  man  in  charge, 
who  also,  by  means  of  a  clamp,  twists  the  rope,  so  as  to  change  the  position  of  the 
bit  after  each  stroke. 

When  the  tools  are  to  be  lifted  out  of  the  hole,  the  cable  is  disengaged  from  the 
clamps  on  the  temper-screw,  and  is  wound  upon  the  bull-wheel  shaft,  which,  for  this 
purpose,  is  thrown  into  gear  with  the  steam-engine ;  the  pitman  I>eing  at  the  same 
time  removed  from  the  crank-pin,  so  that  the  walking-beam  is  at  rest.  As  in  the 
portable  machines,  the  sand-pump  is  also  raised  by  the  same  power  which  does  the 
drilling. 

About  lOOOO  ft  b  m  of  rough  lumber  are  reqd  for  the  derrick,  walk- 
ing-beam, sills,- Ac,  and  about  3000  ft  more  for  sheds  over  the  boiler,  engine,  and  belt. 

In  ordinary  hard  limestone  rock,  such  a  machine  will  drill  about  Y%  ft 
per  hour  under  the  most  favorable  circumstances.  Two  men  are  required  ; 
one  to  attend  to  the  boiler,  sharpen  the  bits,  Ac,  and  one  to  operate  the  machine. 
The  eost  of  the  apparatus,  in  1888,  is  from  $1800  to  12500.  Lumber 
for  the  derrick,  $350  to  $450  more.  The  eost  of  drilling;,  in  1888,  in  lime- 
stone, is  about  $6  per  ft  run  for  6-iuch  holes ;  $8  for  8-inch.  In  granite  and  trap 
rock,  $12. 

For  quantity  of  masonry  in  walls  of  wells,  see  p  168. 
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Dredging  is  generally  done  by  skilled  contractors,  who  own  the  requisite  machines, 
scows  or  lighters,  Ac ;  and  who  make  it  a  specialty.  It  is  necessary  to  specify  whether 
the  dredged  material  is  to  be  measured  in  place  before  it  is  loosened;  or  after  being 
deposited  in  the  scow:  because  it  occupies  more  bulk  after  being  dredged.  It  was 
found,  in  the  extensive  dredgings  for  deepening  the  River  St  Lawrence  through  the 
Lake  of  St  Peter,  that  on  an  ayerage  a  cub  yd  of  tolerably  stiff  mud  in  place,  makes 
1.4  yds  in  the  scow ;  or  1  iu  the  scow,  makes  .715  in  place.  Also  stipulate  whether  the 
removal  of  bowlders,  sunken  trees,  Ac,  is  to  constitute  an  extra.  These  often  require 
sawing  and  blasting  uuder  water.  The  cost  per  cub  yd  for  dredging  varies  much 
with  the  depth  of  water ;  the  quantity  and  character  of  the  material ;  the  diet  to  which 
it  has  to  be  removed ;  whether  it  can  be  at  once  discharged  from  the  machine  by 
means  of  projecting  side-shoots  or  slides ;  or  must  be  discharged  into  scows,  to  be  re- 
moved to  a  short  dist  by  poling,  or  to  a  greater  dist  by  steam  tugs;  whether  it  can  be 
dropped  or  dumped  into  deep  water  by  means  of  flap  or  trap  doors  in  the  bottom  of 
the  hoppers  of  the  scows ;  or  must  be  shovelled  from  the  scows  into  thallow  water,  (at 
say  4  to  8  cts  per  yd ;)  or  upon  land,  (at  say  from  6  to  10  or  20  cts  for  the  shovelling 
alone,  or  shovelling  and  wheeling,  as  the  case  may  be;)  whether  much  time  must  be 
consumed  in  moving  the  machine  forward  frequently,  as  when  the  excavation  is 
narrow,  and  of  but  Tittle  depth ;  as  in  deepening  a  canal,  Ac ;  whether  many  bowl- 
ders and  sunken  trees  are  to  be  lifted ;  whether  interruptions  may  occur  from  waves 
in  storms ;  whether  fuel  can  be  readily  obtained,  Ac,  Ac.  These  considerations  may 
make  the  cost  per  cub  yd  in  one  case  from  2  to  4  times  as  great  as  in  another.  The 
actual  cost  of  deepening  a  ship-channel  through  Lake  St  Peter,  to  18  ft,  from  its  orig- 
inal depth  of  11  ft,  for  several  miles  through  moderately  stiff  mud,  was  14  cts  per 
cub  yd  in  place,  or  10  cts  in  the  scows;  including  removing  the  material  by  steam 
tugs  to  a  dist  of  about "%  a  mile,  and  dropping  it  into  deep  water.  This  includes  re- 
pairs of  plant  of  all  kinds,  but  no  profit.  It  was  a  favorable  case.  When  the  buckets 
work  in  deep  water  they  do  not  become  so  well  filled  as  when  the  water  is  shallower, 
because  they  have  a  more  vertical  movement,  and,  therefore,  do  not  scrape  along  as 
great  a  distance  of  the  bottom.  Hence  one  reason  why  deep  dredging  costs  more 
per  yard ;  in  addition  to  having  to  be  lifted  through  a  greater  height.  Perhaps  tho 
following  table  is  tolerably  approximate  for  large  works  in  ordinary  mud,  sand,  or 
gravel ;  assuming  the  plant  to  have  been  paid  for  by  the  company ;  and  that  common 
labor  costs  $1  per  day. 
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Table  of  actual  coat  of  dredging  on  a  large  scale;  includ- 
ing dropping  the  material  into  scows,  alongside:  or  into 
side-shoots,  on  board.  Common  labor  $1  per  day.  Repairs 
of  plant  are  included ;  but  no  pro  tit  to  contractor.   (Original.] 


Depth 
iu  Ft. 

Gts  per  Yard, 
in  plaoe. 

Gts  per  Yard, 
in  scow. 

Less  than  10 
10  to  15 
15  to  20 
20  to  25 

8.4 

9.8 

11.2 

14.0 

6 

7 

8 

10 

Depth 
in  Ft. 


25  to  SO 
80  to  85 
85  to  40 


Cts  per  Yard, 
in  place. 


I 

Cts  per  Yard, 
in  boow. 


18.2 
35.2 
85.0 


IS 
18 


For  towing  of  the  soo  ws  by  steam  tugs  to  a  dist  of  %  mile,  and  dropping  the  mad  into  deep  water,  add 

4  cts  per  yard  in  the  scow ;  for  \4  mile,  8  cts ;  for  %  mile,  8  cts ;  for  1  mile,  10  cts.  Add  profit  to  con- 
tractor. On  a  small  scale  work  Is  done  to  a  less  advantage ;  and  a  corresponding  increase  must  be  made 
in  these  prices.  Also,  if  the  contractor  himself  furnishes  the  dredgers  and  plant,  a  still  further  addi- 
tion must  be  made.  It  is  evident  that  the  subject  admits  of  no  great  precision.  Small  jobs,  even  in 
favorable  material,  but  In  inoonvenieut  positions,  may  readily  oost  two  or  three  timeB  as  much  per  yd 
as  the  above :  and  in  very  hard  material,  as  in  cemeuted  gravel  aud  clay,  four  or  five  times  as  much 
for  the  dredging.    The  oost  of  towing,  however,  will  remain  as  before,  if  wages  are  the  same. 

The  cost  of  dredgers,  tugs.  Ac,  will  vary  of  course  with  their  capabilities,  strength  of  constmctton, 
style  of  finish,  whether  having  accommodations  for  the  men  to  live  on  board  or  not,  Ac.  When  for 
use  iu  salt  water,  the  bottoms  of  both  dredgers  and  scows  should  be  coppered,  to  protect  them  from  sea- 
worms ;  and  if  occasionally  exposed  to  high  waves,  both  should  be  extra  strong.  The  most  powerful 
machines  on  the  St  Lawrence  oost  about  $45000  each  ;  and  removed  in  10  working  hours  on  an  average 
about  1800  cubyds  iu  plaoe,  or  2520  iu  the  scows.  Good  machines,  capable,  under  similar  circumstances, 
of  doing  as  much,  may,  however,  be  built  for  about  $25000  to  $30000.  To  remove  this  quantity  to  a 
dist  or  Hi  to  1  mile,  would  require  two  steam  tugs,  costing  about  $6000  to  $10000 each ;  and  4  to  6  scows, 
(some  to  be  loading  while  others  are  away,)  holdiug  from  80  to  60  cub  yds  each ;  and  costing  from  $800 
to  $1500  each  at  the  shop.  8oows  with  two  hoppers  are  best.  Such  a  dredger  would  require  at  least 
8  or  10  men,  Including  captain,  engineer,  fireman,  and  cook.  Bach  tug  4  or  5  men;  and  each  scow  x 
men.  The  engineer  should  be  a  blacksmith  :  or  a  blacksmith  should  be  added.  In  certain  eases  a 
physician,  clerk,  assistant  engineer.  Ao,  may  be  needed. 

Dredgers  are  often  built  on  the  principle  of  the  Yankee  Excavator,  with  but  a  single  bucket  or  dip- 
per, of  from  1  to  2  cub  yds  capacity.  Hull  about  25  by  60  ft.  Draft  8  ft.  Cylinder  about  7  or  8  ins 
diam ;  15  to  18  inch  stroke ;  ordinary  working  pressure  60  to  80  fits  per  sq  inch,  according  to  hardness 
of  material.  Cost  $8000  to  $12000.  Will  raise  as  an  average  days'  work  (10  hours)  from  200  to  500 
yds  in  place,  or  280  to  700  in  the  scow,  according  to  the  depth,  nature  of  the  material,  Ac.    Require 

5  or  7  men  in  all  aboard,  including  cook.  Burn  %  to  1  ton  of  coal  daily.  Tolerably  large  bowlders, 
and  sunken  logs,  can  be  raised  by  the  dipper.* 

When  the  material  is  hard  and  compacted,  the  backets  of  dredgers  should  be  armed  with  strong 
steel  teeth  projecting  from  their  cutting  edge.  On  arriving  at  such  material,  every  alternate  bucket 
is  sometimes  unshipped.  By  arranging  the  buckets  so  as  to  dredge  a  few  feet  in  advance  of  the  hull, 
low  tongues  of  dry  land  may  be  cut  away ;  the  machine  thus  digging  its  own  channel.  The  daily 
work  in  such  eases  will  not  average  half  aa  much  as  in  wet  soil. 

On  small  operations,  dredgers  worked  by  two  or  more  horses, 

instead  of  by  steam,  witi  answer  very  well  in  soft  material ;  or  even  in  moderately  hard,  by  reducing 
the  size  and  number  of  the  buckets.  A  two-horse  machine  will  raise  from  50  to  100  yards  of  ordinary 
mud  in  plaoe,  or  70  to  140  in  the  soow,  per  day,  at  from  12  to  15  ft  depth. 

Soft  material  in  small  quantity,  and  at  moderate  depth,  may  be  removed  by  the 
slow  and  expensive  mode  of  the  bag-scoop,  or  bag-spoon* 

This  is  simply  a  bag  B,  made  of  canvas  or  leather,  and  having  Its 
mouth  surrounded  by  an  oval  iron  ring,  the  lower  part  of  which  is 
sharpened  to  form  a  cutting  edge.  It  has  a  fixed  handle  a,  and  a 
swivel  handle  i.  One  man  pushes  the  bag  down  Into  the  mud  by  a, 
while  another  polls  it  along  by  the  rope  o ;  and  when  filled,  another 
raises  It  by  the  rope  c.  and  empties  it.  If  the  bag  Is  large,  a  wind- 
lass may  be  used  for  raising  it.  The  men  may  work  from  a  scow  or 
raft  properly  anchored.  Or  a  long-handled  metal  spoon,  shaped  like 
a  deeply-dished  hoe.  may  be  used  by  only  one  man ;  or  a  larger  spoon 
may  be  guided  br  a  man,  and  dragged  forward  and  backward  by  a 
horse  walking  in  a  circle  on  the  scow,  Ac,  Ac. 

The  weight  of  a  cub  yd  of  wet  dredged  mud,  pure  sand,  or  gravel,  arerngrfl 
about  \%  tons;  say  111  lbs  per  cub  ft;  muddy  gravel,  full  l^tons;  say  125  lbs  per 
cub  ft.  Pure  sand  or  gravel  dredges  easily ;  also  beds  of  shells.  Wet  dredged  clay 
will  slide  down  a  shoot  inclined  at  from  5  to  1,  to  3  to  1,  according  to  its  freedom 
from  sand,  Ac ;  but  wet  sand  or  gravel  will  not  slide  down  even  3 to  1,  without  afreo 
flow  of  water  to  aid  it;  otherwise  it  requires  much  pushing. 

*  The  writer  has  seen  cases  in  which  a  circular  saw  for  logs  in  deep  water,  would  hare  been  a 
very  useful  addition  to  a  dredger.  I(  should  be  worked  by  steam;  and  be  adjustable  to  different 
depths.    It  woult  oost  but  about  $500. 

The  American  Dredging  Co,  No.  234  Walnut  St,  Pbilada,  make  dredgers  of 

mau j  patterns ;  aud  oontraot  for  dredging  on  any  soale. 
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A  volume  might  be  occupied  by  this  important  subject  alone.  We  have  space  for 
only  a  few  general  hints ;  leaving  it  to  the  student  to  determine  how  far  they  may 
be  applicable  in  any  given  case.  In  ordinary  cases,  as  in  culverts,  retaining  walls, 
Ac,  if  excavations,  or  wells,  Ac,  in  the  vicinity,  have  not  already  proved  that  the  soil 
is  reliable  to  a  considerable  depth,  it  will  usually  be  a  sufficient  precaution,  after 
having  dug  and  levelled  off  the  foundation  pits  or  trenches  to  a  depth  of  3  to  5  ft.  to 
test  it  by  an  iron  rod,  or  a  pump-auger ;  or  to  sink  holes,  in  a  few  spots,  to  the  depth 
of  4  to  8  ft  farther;  (depending  upon  the  weight  of  the  intended  structure ;)  to  ascer- 
tain if  the  soil  continues  firm  to  that  distance.  If  it  does,  there  will  rarely  be  any 
risk  in  proceeding  at  once  with  the  masonry ;  because  a  stratum  of  firm  soil,  from  4 
to  8  ft  thick,  will  be  safe  for  almost  any  ordinary  structure;  even  though  it  should 
be  underlaid  by  a  much  softer  stratum.  If,  however,  the  Arm  upper  stratum  is  ex- 
posed to  running  water,  as  in  the  case  of  a  bridge-pier  in  a  river,  care  must  be  taken 
to  preserve  it  from  gradually  washing  away;  or  from  becoming  loosened  and  broken 
up  by  violent  freshets ;  especially  if  they  bring  down  heavy  masses  of  ice,  trees,  and 
other  floating  matter.  These  are  sometimes  arrested  by  piers,  and  accumulate  so  as 
to  form  dams  extending  to  the  bottom  of  the  stream ;  thus  creating  an  increase  of 
velocity,  and  of  scouring  action,  that  is  very  dangerous  to  the  stability  both  of  the 
bottom  and  of  the  structure.  When  the  testing  has  to  be  made  to  a  considerable 
depth,  it  may  be  necessary  to  drive  down  a  tube  of  either  wrought  or  cast  iron,  to 
prevent  the  soil  from  falling  into  the  unfinished  hole.  If  necessary,  this  tube  may 
be  in  short  lengths,  connected  by  screw  joints,  for  convenience  of  driving ;  and  the 
earth  inside  of  it  may  be  removed  by  a  small  scoop  with  a  long  bandle.f 

BoringS  in  Common  Atolls  or  clay  may  be  made  100  ft  deep  in  a  day  or  two  by  a 
oommoo  wood  anger  \H  to*  dlam,  turned  by  two  to  four  men  with  8  ft  levers.  This  will  bring  up 
■ample*.    For  this  and  other  earth-boring  tools  see  p  616. 

In  starting  the  masonry,  the  largest  stones  should  of  course  be  placed  at  the  bot- 
tom of  the  pit,  so  as  to  equalise  the  pressure  as  much  as  possible;  and  care  should 
be  taken  to  bed  them  solidly  in  the  soil,  so  as  to  have  no  rocking  tendency.  The 
next  few  courses  at  least  should  be  of  large  stones,  so  laid  as  to  break  joint  thoroughly 
with  those  below.  The  trenches  should  be  refilled  with  earth  as  soon  as  the  masonry 
will  permit;  so  as  to  exclude  rain,  which  would  injure  the  mortar,  and  soften  the 
foundation.  It  is  well  to  ram  or  tread  the  earth  to  some  extent  as  it  is  being  deposited. 

If  the  tests  show  that  the  soil/not  exposed  to  running  water)  is  too  soft  to  support 
the  masonry,  then  the  pits  should  be  made  considerably  wider  and  deeper;  and  after- 
ward be  filled  to  their  entire  width,  and  to  a  depth  of  from  3  to  6  or  more  ft,  (de- 
pending on  the  weight  to  l»e  sustained,)  with  rammed  or  rolled  layers  of  sand,  gravel, 
or  stone  broken  to  turnpike  shte;  or  with  concrete  in  which  there  is  a  good  propor- 
tion of  cement.  On  this  deposit  the  masonry  may  be  started.  The  common  practice 
in  such  cases  of  laying  planks  or  wooden  platforms  in  the  foundations,  for  building 


*  .Subterranean  caverns  in  limestone  regions  are  a  frequent  source  of  trouble,  against  whieh  it  b 
difficult  to  adept  precautious. 
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upon,  is  a  very  bad  one.  For  if  the  planks  are  not  constantly  kept  thoroughly  wet, 
they  will  decay  in  a  few  years ;  causing  cracks  and  settlements  in  the  masonry. 

Some  portions  of  the  brick  aqueduct*  for  supplying  Boston  with  water  gave 
a  great  deal  of  trouble  where  its  trenches  passed  through  running  quicksands  and 
other  treacherous  soils.  Concrete  was  tried,  but  the  wet  quicksand  mixed  itself 
with  it,  and  killed  it.  Wooden  cradles,  Ac,  also  failed ;  and  the  difficulty  was  finally 
overcome  by  simply  depositing  in  the  trenches  about  two  feet  in  depth  of  strong 
gravel.f  Sand  or  gravel,  when  prevented  from,  spreading  tideway*,  forms  one  of  the 
best  of  foundations.  To  prevent  this  spreading,  the  area  to  be  built  on  may  be  sur- 
rounded by  a  wall ;  or  by  squared  piles  driven  so  close  as  to  touch  each  other;  or  in 
less  important  cases,  by  short  sheet  piles  only.  But  generally  it  is  sufficient  simply 
to  give  the  trenches  a  good  width ;  and  to  ram  the  sand  or  gravel  (which  are  all  the 
better  if  wet)  in  layers;  taking  care  to  compact  it  well  against  the  sides  of  the  trench 
also.  Under  heavy  loads,  some  settlement  will  of  course  take  place,  as  is  the  case 
in  all  foundations  except  rock.  If  very  heavy,  adopt  piling,  Ac.  See  Grillage,  p  641. 

When  an  unreliable  soil  overlies  a  firm  one,  but  at  such  a  depth 

that  the  excavation  of  the  trenches  (which  then  must  evidently  be  made  wider,  a*  well  aa  deeper.) 
becomes  too  troublesome,  and  expensive;  especially  when  (as  generally  happens  in  that  case)  water 
percolates  rapidly  into  the  treuches  from  the  adjacent  strata,  we  may  resort  to  piles.    See  p  641. 

When  making  deep  foundation  pits  in  dnmp  clay,  we  must  remember  that 
this  material,  being  son,  has,  to  a  certain  degree,  a  tendency  to  press  in  every  direction,  like  water. 
This  causes  it  to  bulge  inward  at  the  sides;  and  upward  at  the  bottom  The  excavations  for  tunuels, 
or  for  vertical  shafts,  often  close  in  all  around,  and  become  much  contracted  thereby  before  they  can 
be  lined :  therefore  they  should  be  dug  larger  than  would  otherwise  be  necessary.  The  bottoms  of 
canal  and  railroad  excavations  in  moist  clay  are  frequently  pressed  upward  by  the  weight  of  the  *ide*. 
Dry  clay  rapidly  absorbs  moisture  from  the  air,  and  swells,  producing  effects 
similar  to  the  foregoing.  Its  expansion  is  attended  by  great  pressure :  so  that  retaining- walls  tmeses 
with  dry  rammed  clay  will  be  in  danger  of  bulging  If  the  clay  should  become  wet.    It  is  a  treacherous 

material  to  work  in.    For  concrete  foundations,  see  ps  680  &c. 

As  to  the  greatest  load  that  may  safely  be  trusted  on  an  earth  founda- 
tion, Rankine  advises  not  to  exceed  1  to  1.5  tons  per  sq  ft.  Rut  experience  proves  that  on  good  com- 
pact gravel,  sand,  or  loam,  at  a  depth  beyond  atmospheric  influences,  2  to  S  tons  are  safe,  or  even  4 
to  6 'tons  if  a  few  ins  of  settlement  may  be  allowed,  as  is  often  the  case  in  isolated  structures  without 
tremors.  Years  may  elapse  before  this  settlement  ceases  entirely.  Pure  day,  especially  if  damp,  is 
more  compressible,  and  should  not  be  trusted  with  more  than  1  to  2.S  tons,  according  to  the  case.    All 

earth  foundations  must  yield  somewhat.  Equality  of  pressure  is  a  main 
point  to  aim  at.  Tremor  increases  settlements,  and  causes  them  to  continue 
for  a  longer  period,  especially  in  weak  soils,  great  care  must  be  taken  not  to  overload  in  such  eases, 
even  if  piled.  Foundations  in  silty  soils  will  probably  settle,  in  years,  at  the  rate  of  from  S  to 
12  ins  per  ton  (up  to  2  tons)  per  sq  ft  or  qviet  load,  if  not  on  piles. 

Fig  2  shows  an  easy  mode  of  obtaining  a  foundation  in  certain  cases.  It  is  the 
"pierre  perdue"  (lost  stone)  of  the  French;  in  English,  "random 
stone,"  or  rip- rap. 

It  is  merely  a  deposit  of  rough  angular  quarry  stone  thrown  Into  the  water:  the  largest  one*  being 
at  the  outside,  to  resist  disturbance  from  freshets,  ice,  floating  trees,  Ac.  A  part  of  the  interior  may 
be  of  small  quarry  chips,  w'.th  some  gravel,  sand,  day,  Ac.  When  the  bottom  is  Irregular  rock,  this 
process  saves  the  expense  or  levelling  it  off  to  receive  the  masonry.  For  2  or  3  feet  below  the  surface 
of  the  water,  the  stones  may  generally  be  disposed  by  baud  so  as  to  lie  olose  and  firmly.  Small  spawls 
packed  between  the  larger  ones  will  make  the  work  smoother,  and  less  liable  to  be  displaced  by  violence. 
Cramps  or  chains  may  at  times  be  useful  for  connecting  several  of  the  large  stones  together  for  greater 

stability.    Rip-rap,  however,  is  apt  to  settle. 

If  the  bottom  is  so  yielding  as  to  be  liable  to  wash  away  in 

freshets,  it  may,  in  addition,  be  protected,  as  in  Fig  2,  by  a  covering  of  the  same  kind 

of  stones,  as  at  c :  extend- 
ing all  around  the  struc- 
ture. Or  the  main  pile 
of  stones  may  be  extend- 
ed as  per  dotted  line  at  d; 
so  that  if  the  bottom 
should  wash  away,  as  per 
dotted  line  at  o,  the 
stones  d  will  fall  into 
the  cavity,  and  thus  pro- 
vent  further  damage. 
Sheet-piles,  «  «,  may  bo 
driven  as  an  additional  precaution.  For  greater  security,  the  bed  of  the  river  may 
be  dredged  or  scooped  under  the  entire  space  to  be  covered  by  the  main  deposit,  as 
per  dotted  lines  in  Fig  3,  to  as  great  a  depth  as  any  scouring  would  I*  apt  to 


o  The  Goehitoate  aqueduct,  built  1846-48:  egg-shape,  6  ft  4  insxft  ft,  with  eerat-drcular  lavorc 
t  Smeaton  mentions  a  stone  bridge  built  upon  a  natural  bed  of  gravel  only  about  %  ft  thick,  ever- 
lying  deep  mud  so  soft  that  an  iron  bar  40  ft  long  sank  to  the  bead  by  its  own  weight.    Ooe  of 
piers,  however,  sank  while  the  arches  were  being  turned;  and  was  restored  by  Bmeafm. 
a  wretched  precedent  for  bridge  building,  this  example  illustrates  the  boaring  power  of  a  \ 
of  well-compacted  gravel. 
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this  excavation  also  to  be  filled  with  stone.    Such  foundations  are  evidently  best 
adapted  to  quiet  water.   The  masonry  should  rest  on  a  strong  platform. 
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Large  deposits  of  atone,  as  la  the 
two  flga,  greatly  increase  the  Telocity, 
and  the  scouring  action  of  the  stream 
around  them,  especially  in  freshets ;  un- 
less the  bottom  on  each  side  from  the  de- 
posit be  dredged  oat  to  such  an  extent 
that  the  original  area  of  water  shall  not 
be  reduced.  If  the  bottom  is  treacherous, 
this  should  be  done  before  depositing  the 
covering  stones  e,  Fig  2.  Judgment  and 
experience  are  necessary  In  suoh  matters, 
as  in  all  others  oonnected  with  engineer- 
ing. Mere  study  will  not  guard  against 
constant  failures.  Theory  and  practice 
man  guide  each  other. 

Fig  S  is  another  simple  method ;  and 
when  it  does  not  create  too  great  an  ob- 
struction to  the  navigation  of  the  stream,  or  to  the  escape  of  its  waters  in  time  of  high  freshets,  is  a 
very  efleotive  one.  Here  the  piles  are  first  driven  into  the  river  bottom,  for  tho  support  of  the  pier; 
then  the  deposit  of  stone  is  thrown  in,  for  the  support  and  protection  of  the  piles ;  preventing  them 
from  bending  under  their  loads ;  and  shielding  them  from  blows  from  floating  bodies.  The  tops  of 
the  piles  being  cut  off  to  a  level,  a  strong  platform  of  timber  is  laid  on  top  of  them,  as  a  base  for  the 
masonry.  The  top  of  the  platform  should  not  he  less  than  about  12  or  18  ins  below  ordinary  lew 
water,  to  prevent  decay.  Mitchell'*  iron  screw  pile ;  or  hollow  piles  of  cast  iron,  may  be  used  instead 
•f  wooden  ones.    See  pp  641  to  646. 

Figs  4  represent  a  convenient  method  of  establishing  a  foundation  In  water,  by 
means  of  a  timber  crib,  A  A,  without  a  bottom.  It  should  be  buiit  of 
squared  timbers,  notch- 
ed together  at  their 
crossings,  as  shown  at 
Fig  5 ;  each  notch  being 
^  of  the  depth  of  the 
stick.  By  this  means 
each  timber  is  support- 
ed throughout  its  entire 
length  by  the  one  below 
it;  and  resists  pulling 
in  both  directions.  Bolts 
also  are  driven  at  the 
intersections;  at  least 
in  the  sides  of  the  crib, 
to  prevent  one  portion 
from  being  floated  off 
from  the  other.  The 
crib  is  thus  divided  into 
square  or  rectangular 
cells,  from  2  to  4  or  5  ft 
on  a  side,  according  to 
the  requirements  of  the 
case.  The  partitions 
between  the  cells  are 
put  together  in  the 
same  manner  as  those 
at  the  sides  of  the  cribs ; 
and  consequently,  like 
the  latter,  form  solid 
wooden  walls. 

The  crib  may  be  framed  afloat,  at  any  convenient  spot;  and  when  finished,  maybe  towed  to  its 
final  place,  where  it  is  carefully  moored  in  position,  and  then  sunk  by  throwing  stone  into  a  few 
cells  provided  with  platforms,  as  at  c  c,  for  that  purpose.  These  platforms  should  be  placed  a  little 
above  the  lower  edge  of  the  cells,  so  as  not  to  prevent  the  crib  from  settling  slightly  into  the  soil,  and 
thus  coming  to  a  full  bearing  upon  the  bottom.  After  it  has  been  sunk,  all  the  oells  are  filled  with 
rough  stone.  A  stout  top  platform  may  be  added  or  not,  as  the  case  may  be ;  also,  a  protection,  t 1,  of 
random  stone,  to  prevent  undermining  by  the  current.  If  the  sides  are  exposed  to  abrasion  from 
loe,  Ac,  they  may  be  covered  in  whole  or  in  part  with  plank,  or  plate  iron ;  and  the  angles  strength- 
ened by  iron  straps,  Ac.  In  deep  water,  a  foundation  niny  be  made  partly  of  random  atone,  as  in 
Figs  I  and  t ;  and  on  top  of  this  may  be  sunk  a  crib,  with  its  top  about  2  ft  uuder  low  water,  as  a  base 
for  the  masonry.    This  is  much  safer  than  random  stone  alone. 

On  uneven  rock  bottom  it  may  be  necessary  to  scribe  the  bottom  of  the 

crib  to  fit  the  rock ;  or  the  crib  may  first  be  sunk  by  means  of  a  loaded  platform  on  its  top,  or  by 
filling  some  of  its  cells,  until  its  lowest  timbers  are  within  a  short  distance  above  the  bottom.  Being 
there  kept  in  a  horizontal  position,  small  stones  may  be  thrown  into  the  cells,  and  allowed  to  find 
their  way  under  the  timbers  of  the  crib,  thus  forming  a  level  support  for  it.  The  cells  may  then  be 
fiBed ;  and  rip-rap  deposited  oatsido  around  the  crib  to  prevent  the  small  stones  from  being  displaced. 
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A  crib  with  only  an  outside  row  of  eel  Is  for  sinking:  it  may  be 

built;  and  the  interior  chamber  may  be  filled  with  ooncrete  under  water.  The  masonry  may  then 
rest  on  the  concrete  alone.  If  the  crib  rests  upon  a  foundation  of  broken  stone,  the  upper  interstices 
of  this  stone  should  first  be  levelled  off  by  small  stone  or  coarse  gravel  to  receive  tbe  coucrete  of  the 
iuner  chamber. 

Or  a  crib  like  Fig.  4  may  be  sunk,  and  piles  be  driven  in  the  cells,  which 
may  afterward  be  filled  with  broken  stone  or  concrete.  The  masonry  may  then  rest  on  the  piles  only, 
which  in  turn  will  be  defended  by  tbe  crib.  If  the  bottom  is  liable  to  scour,  place  sheet-piles  or 
rip-rap  around  the  base  of  the  crib. 

By  all  means  avoid  a  crib  like  e,  Fig  5^,  much  higher  at  one  part 
than  at  another,  if  the  superstoitcture  s  is  to  rest  on  th*  timber  of  the  crib  instead  of  on 
piles,  or  on  ooncrete  independent  of  the  timber ;  for  the  high  part  of  the  crib  will  compress  more  under 
Its  load  than  the  low  part ,  and  will  thus  cause  the  superstructure  to  lean  or  to  crack. 

A  crib  either  straight  sided  or  circular,  with  only  an  outer  row  of  cells  for  pnd> 
riling  may  be  used  as  a  cofferdam  (see  cofferdams,  p  637).    The  joints 

between  the  outer  timbers  should  be  well  caulked ;  and  care  be  taken,  by  means  of  outside  pile-planks, 
gravel,  Ac,  to  prevent  water  from  entering  beneath  it. 

Tbe  cast-iron  Bridge  across  tbe  Schuylkill  at  Chestnut  St, 

Phi  la,  Mr.  Strickland  Kneass,  Engineer,  affords  a  striking  example  of  crib 
foundation.  The  center  pier  stands  on  a  crib,  an  oblong  octagon  in  plan ;  31  by  87  feet  at  base  :  M 
by  80  rt  at  top;  and  (with  its  platform)  29  rt  high.  Its  timbers  are  of  yellow  pine,  hewn  IX  ins 
square :  aud  framed  as  at  Pig  5.  The  lower  timbers  were  carefully  cut  or  scribed  to  conform  to  the 
tr regularities  of  the  tolerably  level  rock  upon  which  it  rents.  These  were  ascertained  f after  tbe  8  rt 
depth  of  gravel. bad  been  dredged  off)  iu  tbe  usual  manner  of  mooring  above  the  site  a  large  floating 
wooden  platform,  composed  of  timbers  corresponding  in  position  with  all  those  of  the  lower  course 
of  the  intended  crib,  both  longitudinal  and  transverse.  Soundings  were  then  takeu  olose  together 
along  all  these  lines  of  timber.  Most  of  the  cell*  are  about  8  by  4  ft  on  a  side,  in  the  clear.  A  few 
of  them  had  platforms  at  the  level  of  the  second  course  from  the  bottom,  for  receiving  stone  for  sink- 
ing the  crib ;  the  others  are  open  to  tbe  bottom. 

The  crib  was  built  in  the  water ;  and  was  kept  floating,  during  its  construction,  with  its  unfinished 
top  continually  just  above  water,  by  gradually  loading  it  with  more  stone  as  new  tiiubere  were  added. 
The  stone  required  for  this  purpose  alone  was  300  tons.  When  the  crib  was  towed  into  position,  and 
moored,  150  tons  more  were  added  for  sinking  it.  All  the  cells  were  afterward  filled  with  rough  dry 
stone,  aud  coarse  gravel  screenings ;  making  a  total  of  1(M6  tons.  A  platform  of  12  by  12  ineh  squared 
timber  covered  the  whole ;  its  top  being  2H  ft  below  low  water.  The  pier  alone,  which  stands  on  this 
erib,  weighs  3255  tons;  and  during  its  construction  it  compressed  the  crib  *H  ins.  The  weight  of 
superstructure  resting  on  the  pier,  may  be  roughly  taken  at  1000  tons  more. 

An  ordinary  caisson  is  merely  a  strong:  scow,  or  a  box  with- 
out a  lid ;  and  with  sides  which  may  at  pleasure  be  readily  detached  from  its.  bottom.  It  Is  built  on 
land,  and  then  launched.  The  masonry  may  first  be  built  in  it,  either  in  whole  or  in  part,  white 
afloat;  and  the  whole  being  then  towed  into  place,  and  moored,  may  be  sunk  to  the  bottom  of  the 
river,  to  rest  upon  a  foundation  previously  prepared  for  it,  either  by  piling,  if  necessary ;  or  by 
merely  levelling  off  the  natural  surface,  Ac.    Tbe  bottom  of  tbe  caisson  constitutes  a  strong  timber 

{tlatform,  upon  which  tbe  masonry  rests ;  and 
r  so  arranged,  that  after  it  is  sunk,  tbe  sides 
may  be  detached  from  it,  and  removed  to  be 
rebottomed  for  use  at  another  pier,  if  needed. 
This  detaching  msy  be  effected  bv  some  .«ach 
contrivance  as  that  shown  in  Fig  6,  where 
P  P  w  is  the  bottom  of  the  caisson,  to  which 
are  firmly  attached  at  intervals  strong  iron 
eyes  t;  which  are  taken  hold  of  by  hooks  d,  at 
the  lower  end  of  long  bolts  E  «,* reaching  in 
the  top  timbers  S  of  the  crib,  where  they  are 
confined  by  screw  nut*  n.  By  loosening  the 
nuts  n,  tbe  hooks  d  can  be  detaohed  from  the 
eyes  t;  and  the  sides  can  then  be  removed 
from  the  bottom ;  there  being  no  other  connec- 
tion between  the  two.  These  hooka  and  eves 
are  usually  placed  outside  of  the  caisson:  ihe 
6crew  uuts  n  being  sustained  by  the  projecting 
ends  of  cross  pieces,  as  tt,  Fig  9.  Ihe  im- 
proper position  given  them  in  our  Fig  was 
~*  merely  for  convenience  of  il'iistrating  the  prin- 

ciple. It  will  fometimes  be  necessary  to  hare 
one  side  detachable  from  the  others,  in  order  to  float  the  caisson  away  clear  from  tbe  finished  pier; 
unless  it  be  floated  away  before  the  masonry  ha*  been  built  so  high  as  to  render  the  precaution  sue- 
less.  Fig  6  shows  one  of  many  ways  of  constructing  a  caisson ;  with  sides  consisting  of  upright 
corner-posts,  1 ;  cap  pieces  8,  on  top  ;  and  sills  g  at  bottom,  resting  on  the  bottom  platform  P  P  w; 
intermediate  uprights  T,  framed  Into  tbe  caps  and  sills;  the  whole  being  covered  outside  by  one  or 
two  thicknesses  of  planking  B,  which,  as  well  as  the  platform,  should  be  well  calked,  to  prevent 
leaking.  Tarpaulin  also  may  be  nailed  outside  to  assist  in  this.  The  greatest  -trouble  from  leaking 
is  where  tbe  sides  join  the  platform.  On  top  of  the  platform  is  firmly  spiked  a  timber  o  o,  extending 
all  around  It  just  inside  of  the  inner  lower  edge  of  the  sides  of  the  caisson.  Its  use  Is  to  prevent 
the  sides  from  being  forced  inward  by  the  pressure  of  tbe  water  outside.  The  details  of  eonstructloa 
will  of  oourse  vary  with  the  requirements  of  the  case.  In  deep  caissons,  inside  cross-braces  or  strau 
from  side  to  side.'as  at  c  c,  Fig  7,  will  l>e  required  to  prevent  the  sides  from  being  forced  inward  bv 
the  pressure  of  the  water,  as  the  vessel  gradually  sinks  white  the  masonry  is  being  boilt  within  ki 
As  the  masonry  is  oarried  up.  the  struts  are  removed;  and  short  ones,  extending  from  toe  sides  of 
the  caisson  to  the  masonry,  are  inserted  in  their  place.  When  the  caisson  is  shallow,  only  the  upper 
course  of  braces  will  be  required ;  they  also  support  a  platform  for  tbe  workmen  and  their  material*. 
In  deep  caissons,  in  order  not  to  be  in  the  way  of  the  masons,  the  outer  planking  of  the  aides  ssaj. 
in  part,  be  gradually  built  up  as  the  masonry  progresses  It  msy  sometimes  be  expedient  to  bajld 
the  masonry  hollow  ut  first,  with  thin  transverse  walls  inside  to  stiffen  it  if  necessary  ;  and  lot 
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plete  the  interior  after  sinking  Iho  caisson.  Indeed,  masonry  or  brickwork,  in  cement,  may  tbua  be 
built  hollow  at  first,  resting  on  the  platform;  the  masonry  itself  forming  the  sides  of  the  caisson. 
Or  the  sides  may  cousist  of  a  water-tight  casing  of  iron,  or  wood,  of  the  shape  of  the  intended  pier, 
Ac  This  casing  being  coufined  to  the  platform,  becomes,  in  fact,  a  mould,  in  which  the  pier  may  be 
formed,  sind  sunk  at  the  same  time  by  Ailing  it  with  hydraulic  concrete.  For 
concrete  foundations,  see  p  680  Ac. 

On  rock  bottom  tbe  under  timbers  of  the  platform  may  be  cnt  to  salt  the  irregularities 
as  already  stated  under  "  Cribs."  Or  the  bottom  may  be  levelled  up  by  first  depositing  large  stones 
aronnd  the  area  upon  which  the  caisson  is  to  rest ;  and  then  filling  between  these  with  smaller  rtones 
and  gravel;  testing  the  depth  by  sounding.  Or  a  level  bed  of  cement  concrete  may,  with  care,  be 
deposited  in  the  water.  If  there  are  deep  narrow  crevices  in  the  rock,  through  which  the  concrete 
may  escape,  they  may  be  first  covered  with  tarpaulin.  Diving  bells  may  often  be  used  to  advantage, 
in  all  snch  operations.  But  in  the  case  of  very  irregular  rock,  it  will  often  be  better  to  resort  to  cof- 
fer-dams. The  draft  of  a  caisson  (the  depth  of  water  which  it  draws)  whether  empty  or  loaded,  can 
be  found  by  page  236.  Valres  for  the  admission  of  water  for  sinking  the  caisson  are 

usually  introduced.-  If,  after  sinking,  it  should  be  nWessary  to  again  raise  the  whole,  it  is  onlv 
necessary  to  close  the  valves,  and  pomp  ont  the  water.  Guide  piles  may  be  driven  and  braced  along- 
side of  the  caisson,  to  insure  its  sinking  vertically,  and  at  the  proper  spot.  Or  it  may  be  lowered  by 
■crews  supported  by  strong  temporary  framework. 

Assuming  the  uprights  I,  T.  *c.  Fig  G,  to  be  sufficiently  braced,  as  at  cc,  Fig  7,  the  following  table 
will  show  tbe  thickness  of  plunking  necessary  Tor  different  distances  apart  or  tbe  uprights,  (in  the 
clear,)  to  insure  a  safety  of  six  against  the  pressure  of  the  water  at  different  depths ;  and  at  the 
same  time  not  to  bend  inward  under  said  pressure,  more  than  -rfo  part  of  the  distanoe  to  which 
they  stretch  from  upright  to  upright;  or  at  the  rate  of  %  inch  in  10  ft  stretch  ;  k  inch  in  5  ft,  Ac 
8uch  a  table  may  be  of  use  iu  other  matters. 

Table  of  thiekness  of  white  pine  plank  required  not  to  bentf 
more  than  -^  part  of  its  clear  horizontal  stretch,  under 
different  heads  of  water.   (Original.) 


HEADS  IN  FEET. 

Strrtcu 

.              . 

. 

iu  FU  ! 

i 

40 

30      1        20             10 

5 

i 

Thickness  iu  Inches. 

3 

3« 

3 

29* 

W* 

IX 

4 

*Vj 

4 

3* 

2% 

v,i 

6 

a% 

6 

5tf 

*X 

»M 

6 

9 

8 

7 

5)4 

*X 

10 

nn 

10 

w 

7 

5* 

13 

.13* 

nx 

10% 

ax 

6* 

15 

16«i 

15 

13 

iox 

8« 

20 

WK 

•20 

17H 

14 

11 

Coffer-dams  are  enclosures  from  which  the  water  may  be  pumped  out,  so  as 
to  allow  the  work  to  be  done  in  the  open  air.  Their  construction  of  course  varies 
greatly.  In  still  shallow  water,  a  mere  well-built  bank  of  clay  and  gravel ;  or  of 
bags  partly  filled  with  those  materials  when  there  is  much  current,  will  answer 
every  purpose ;  or  (depending  on  the  depth)  a  single  or  double  row  of  sheet-piles ;  or  of 
squared  piles  of  larger  dimensions,  driven  touching  each  other;  their  lower  ends  a 
few  feet  in  the  soil ;  and  their  upper  ones  a  little  above  high  water,  and  protected 
outside  by  heaps  of  gravelly  soil  or  puddle,  (as  at  P  in  Fig  7,)  to  prevent  leaking. 
The  sheet-piles  may  be  of  wood;  or  of  cast  iron,  of  a  strong  form. 

The  sufficiency  of  a  mere  bank  of  well-packed  earth  in  still 
water,  is  shown  by  the  embankments  or  levees,  thrown  up  in  all  countries,  to  pre- 
vent rivers  from  overflowing  adjacent  low  lands.  The  general  average  of  the  levees 
along  700  miles  of  the  Mississippi,  is  about  ti  ft  high ;  only  3  ft  wide  on  top ;  side- 
slopes  1%  to  1.  In  floods  the  river  rises  to  within  a  foot  or  less  of  their  tops ;  and 
frequently  bursts  through  them,  doing  immense  damage.  They  are  entirely  too  slight. 

The  method  of  a  single  row  of  12  by  12  inch  squared  piles,  driven  in  contact  with 
each  other,  (close  pilf>*J  and  simply  backed  by  an  outer  deposit  of  impervious  soil, 
is  very  effective;  and  with  the  addition  of  interior  cross-braces  or  struts,  like  cc,  Fig 
7,  to  prevent  crushing  inward  by  the  outside  pressure  of  the  water  and  puddle  when 
pumped  out,  has  been  successfully  employed  in  from  20  to  25  ft  depth  of  water,  in 
which  there  was  not  sufficient  current  to  wash  away  the  puddle.  The  cross-braces 
are  inserted  successively,  as  the  water  is  being  pumped  out;  beginning,  of  course, 
with  the  upper  ones.  The  ends  of  these  braces  may  abut  on  longitudinal  timbers, 
bolted  to  the  piles  for  the  purpose.  Another  method  is  a  strong?  crib,  com- 
l>osed  of  uprights  framed  into  caps  and  sills ;  and  covered  outside  with  squared 
timbers  or  plank,  laid  touching  each  other,  and  well  calked ;  as  in  the  caisson,  Fig 
6 ;  but  without  a  bottom.  Between  the  opposite  pairs  of  uprights  are  strong  interior 
struts,  as  c  c,  Fig  7,  reaching  from  side  to  side,  to  prevent  crushing  inward.    The 
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series  of  these  astiaJly  support*  a  platform  for 
stones  on  a  temporary  platform  resting  oq  the  ci 
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pieces,  notched  and  bolted  to  the  uprights,  near  both  their  tops  and  their  feet;  and 
at  as  many  intermediate  points  as  may  be  desired.  The  sheet-piles  I,  are  inserted 
between  these ;  and  of  course  are  guided  during  their  descent  much  more  perfectly 
than  in  Fig  7.    The  crib  at  top  of  p  636  may  be  used  as  a  cofferdam. 

When  the  current  is  too  strong  to  permit  the  use  of  outside  puddle,  P,  Fig  7,  the 
principle  of  coffer-dam  shown  in  Fig  9,  is  generally  used ;  in  which  both  sides  of  the 
puddle  are  protected  from  washing  away.  The  space  to  be  enclosed  by  the  dam  is  sur- 
rounded by  two  rows  of  firmly-driven  main  piles  p  p>  on  which  the  strength  chiefly 
depends.  They  may  be  round.  In  deciding  upon  their  number,  it  must  be  remem- 
bered that  they  may  have  to  resist  floating  ice,  or  accidental  blows  from  vessels,  Ac. 
With  reference  to  this,  extra  /ender-pileB  may  be  driven.  A  little  below  the  tops  of 
the  main  piles  are  bolted  two  outside  longitudinal  pieces  w  to,  called  wales  ;  and  oppo- 
site to  them  two  inner  ones,  as  in  the  fig.  Tb*  outer  ones  serve  to  support  cross- 
timbers  1 1,  which  unite  each  pair  of  opposite  piles,  and  steady  them ;  and  prevent 
their  spreading  apart  by  the  pressure  of  the  puddle  P.  The  inner  ones  act  as  guides 
for  the  sheet-piles  *  s,  while  being  driven ;  after  which  the  heads  of  the  sheet-piles 
are  spiked  to  them.  In  deep  water  these  sheet-piles  must  be  very  stout,  say  12  ins 
square ;  to  resist  the  pressure  of  the  compacted  puddle. 

A  fgnngm&y  m,  is  often  laid  on  top  of  the  cross-pieces  1 1,  for  the  use  of  the 
workmen  in  wheeling  materials,  Ac.  The  puddle  P  is  deposited  in  the  water  in  the 
space,  or  boxing,  between  the  sheet-piles.  It  should  be  put  in  in  layers,  and  com- 
pacted as  well  as  can  be  done  without  causing  the  sheet-piles  to  bulge,  and  thus  open 
their  joints.  The  bottom  of  the  puddle-ditch  should  be  deepened,  as  in  the  fig,  in 
case  it  consists,  as  it  often  does,  of  loose  porous  material  which  would  allow  water  to 
leak  in  beneath  it  and  the  sheet-piles.  This  leaking  under  the  dam  is  frequently  a 
source  of  much  trouble  and  expense.  Water  will  find  its  way  readily  through  almost 
any  depth  and  distance  of  clean  coarse  gravelly  and  pebbly  bottom,  unmixed  with 
earth.  Sand  is  also  troublesome ;  and  if  a  stratum  of  either  should  present  itself  ex- 
tending to  a  great  depth,  it  will  generally  be  expedient  to  resort  to  either  simple 
cribs,  F4g  4 ;  or  to  caissons ;  with  or  without  piles  in  either  case,  according  to  cir- 
cumstances. But  if  such  open  gravel,  or  any  other  permeable  or  shifting  material, 
as  soft  mud,  quicksand,  Ac,  is  present  in  a  stratum  but  a  few  feet  in  thickness,  and 
underlaid  by  stiff  clay,  or  other  safe  material,  leaking  may  be  prevented,  or  at  least 
much  reduced,  by  driving  the  sheeting-piles  2  or  3  ft  into  this  last ;  and  by  deepening 
the  puddle-trench  to  the  same  extent.  It  may  sometimes  be  better,  and  more  con- 
venient, to  dredge  away  the  bad  material  entirely  from  all  the  space  to  be  enclosed 
by  the  dam,  and  for  a  short  distance  beyond,  before  commencing  the  construction  of 
the  latter.  If  the  dam,  Fig  9,  is  (as  it  should  be)  well  provided  with  cross-braces, 
like  c  c,  Fig  7,  extending  across  the  enclosed  area,  the  thickness  or  width  o  o  of  the 
puddle,  need  not  be  more  than  4  or  5  feet  for  shallow  depths ;  or  than  5  to  10  ft  for  great 
ones ;  because  its  use  is  then  merely  to  prevent  letOdng.  But  if  there  are  no  braces, 
it  must  be  made  wider,  so  as  to  resist  upsetting  bodily;  and  then, with  good  puddle, 
o  o  may,  as  a  rule  of  thumb,  be  %  of  the  vertical  depth  o  I  below  high  water;  except 
when  this  gives  less  than  4  ft;  in  which  case  make  it  4  ft;  unless  more  should  be 
required  for  theuse  of  the  workmen,  fordepositing  materials,  Ac.  Or  if  the  excavation 
for  the  masonry  is  sunk  deeper  than  the  puddle,  the  dam  must  be  wider;  else  it  may 
be  upset  into  the  excavated  pit. 
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The  excavated  soil  may  be 

raised  in  buckets  by  windlasses,  or  bv  band,  in 
successive  stages.  The  pumps  may  be  worked 
by  band,  or  by  steam,  as  tbe  ease  may  require ; 
aa  also  tbe  windlasses  generally  needed  for 
lowering  mortar,  stone,  bo.  More  or  less  leak- 
ing may  always  be  anticipated,  notwithstanding 
every  precaution. 

Where  a  coffer-dam  is  exposed  to  a  violent 
current,  and  great  danger  from  iee,  Ac,  the  ex- 
pensive mode  shown  in  Tigs  10  may  become 
necessary.  The  two  black  rectangles  c  c,  repre- 
sent two  lines  of  rough  cribs  filled  with  stone. 
and  sunk  in  position;  one  row  being  enclosed 
by  the  other ;  with  a  space  several  feet  wide  be- 
tween them.  Sheet-piles  pp  are  then  driven 
around  the  opposite  faces  of  the  two  rows  of 
cribs ;  and  the  puddle  Is  deposited  within  the  boxing  thus  provided  for  It,  as  shown  in  the  fig. 

Where  the  current  is  not  strong  enough  to  wash  away  gravel  backing,  we  may.  on  rock  especially. 
enclose  the  space  to  be  built  on,  by  a  single  quadrangle  of  cribs  sunk  by  stone ;  and  after  adopting 
precautions  to  prevent  the  gravel  from  being  pressed  in  beneath  the  cribs,  apply  the  backing.* 

Figs  10%  show  the  plan,  outside  view,  and  transverse  section,  to  a  scale  of  20  ft  to 
an  inch,  of  a  coffer-dam  on  rock,  in  8  to  9  ft  water,  used  successfully  on  the  Schuylkill 
Navigation. 
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•  A  pare  clean  coarse  gravel  is  entirely  unfit  for  suoh  purposes, 
earth  is  essential  for  preventing  leaks. 


A  considerable  proportion  of 


640  FOUNDATIONS. 

CoGTeiMlnm  on  roek.  Uprlibu.  *,  »o°oi 1  \''^i:"[''';l:"'ul  '[\^  **'*"  f™ 

Jn*r  u'r  ,1°  ri!jiiit%  I'Vl!,':; 'tarn  lue"*  lifcli  iii™cl,"i>v  !'!  in.  .IK,.,  .■"fl  5  n  l«r.8.  1 
DLioio  i',i-tel'J;,  wimili  |:->"  r.i™-(i,  ui«  uprLflius  0;  uuniilc  of  hliifti  rJiej  .re  fa: 
:,:s«  ,l„i:i.l   Bili.)     Su wi  Uii!  ■  .■..■  .1.1  ,'.,  wem  luhiii.       Al  tbe  wratn of  II 

wire  tJ "I  lib-ban,  u  "llDirn.     1  im.ll  band  of  11™.,  u  «™m  oil,  it,,,,,. 

■  blob  nmnll)  prova.  H  iroableiomo  In  inoli  ™».  Tbo  lLout  obllqua  bnm.. 
■pikoij  tr-ll,:  ildfi  fa,-.nrf till-  ui'rijbtt  a.  Vbij  lit  11M  .Vj*»  In  ills  [main™  « 


The  moorlnic  of  lure*  caissons  or  erlba,  preparatory  fa 
them,  ia  sometimea  troublesome,  especially  in  strong  current.  It  may 
aary  to  drive  clumps  ■.'f  pile*,  or  f.i  tpmp.'rArlly  hli.k  nmgh  crib'  fllli"l  w 


the  idhh  of  removal.     Hut  if  removed,  tl 
ground  |  l.iit  be  cut  nff  close  to  river  bottom ; 


or  i:vi'ii  for  tinrsesaurl  carts;  or  for  a  railway  for  the  easy  delivery  of  large  atone*,  fa! 
Cotter-ilnui-i  ma;  be  Huiili  tliroiifc-li  h  soft  to  n  Arm  soil,  ia 

shape  of  a.  boi  of  cribwork,  either  rectangular  or  circular,  and  without  a  bottom. 
This  being  Htrongly  put  together,  and  provided  with  proper  temporary  Internal 
bracing,  (10  be  gradually  remand  as  the  masonry  Is  built  up,)  la  floated  into  plart ; 
nod  nl'i'T  being  Loaded  hi.  ol  to  real  On  the  ioft  botlom.  ia  sunk  by  dredging  out  lh" 

n.;fl   ni'if  irliil  frurji  STiiiiln.     Additional  l:.*,.1i;i£  will  Hi.Tiietime'  b"  r^'iniii'il  fnr  ••■"■■- 

to  dredge  away  jram-  of  the  miter  in:i:.,:rial  also.'  On  rock  it  may  at  time!  ha 
e.pedieot  M  drill  holca  in  deep  water,  for  receiving  the  enii  of  pllea.  or  of  Iron  nida. 


boll  may  be  used.    Or  f* 
edge,  to  be  covered  with 
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around  them,  Ac,  they  aro  colled  sheet-piles.  Generally  these  are  thinner  than 
they  are  wide ;  but  fre- 
quently they  are  square ; 
and  as  large  as  bearing 
piles;  and  are  then  called 
close  piles.  To  make 
them  drive  tight  to- 
gether at  foot,  they 
are  cut  obliquely  as  at 
/.  Occasionally,  when 
driven  down  to  rock 
through  soft  soil,  their 
feet  are  in  addition  cut 
to  an  edge,  as  at  t,  so  as 
to  become  somewhat 
bruised  when  they  reach 
the  rock,  and  thus  fit  closer  to  its  surface.  Their  heads  are  kept  in  line  while  driv- 
ing, by  means  of  either  one  or  two  longitudinal  pieces  a  and  o,  called  wale*  or 
stringers.  These  wales  are  supported  by  gavge-piles,  or  guide-piles,  previously  driven 
in  the  required  line  of  the  work,  and  several  ft  apart,  for  this  purpose.  See  Figs  8. 

A  dog-ir<m  d.  of  round  iron,  may  also  be  used  for  keeping 
the  edges  of  the  piles  elose  at  top  to  those  previously  driven,  both 
daring  and  after  the  driving.  Its  sharp  ends,  c  c,  being  driven  into 
the  tops  of  the  wales  »«,  (shown  in  plan,)  it  holds  the  descending 
pile  o  firmly  in  place.  At«,  d,p,  Fig  11,  are  other  modes  occasionally 
axed  for  keeping  the  piles  in  proper  line.  At j>,  the  letters  ««  denote 
small  pieces  of  iron  well  screwed  to  the  piles,  a  little  above  their  feet, 
to  act  as  guides;  very  rarely  used.  At  m  aro  shown  wooden  tongues 
1 1,  sometimes  driven  dowu  between  the  piles  after  they  themselves 
have  been  driven ;  to  assist  in  preventing  leaks.  In  some  oases 
sheet-piles  are  employed  without  being  driven.  A  trench  is  first 
dug  to  their  full  depth  for  receiving  them ;  and  the  piles  are  simplv 
placed  in  these,  which  are  then  refilled.  Closer  joints  can  be  secured  in  this  manner  than  by  driving. 

When  piles  are  intended  to  sustain  loads  on  their  tops,  whether  driven  all  their 
length  into  the  ground,  or  only  partly  so,  as  in  Fig  3,  they  are  called  bearing? 
piles.  They  are  generally  round;  from  9  to  18  ins  diam  at  top;  and  should  be 
.straight,  but  the  bark  need  not  be  removed.  White  pine,  spruce,  or  even  hem- 
lock, answer  very  well  in  soft  soils  ;  good  yellow  pine  for  firmer  ones:  and  hard 
oaks,  elm,  beach,  Ac,  for  the  more  compact  ones.  They  are  usually  driven  irom  about 
2]4  to  4  ft  apart  each  way,  from  center  to  center,  depending  on  the  character  of  the 
Hofl,  and  the  weight  to  be  sustained.  A  tread-wheel  is  more  economical  than 
the  winch  for  raising  the  hammer,  when  this  is  done  by  men.  Morin  found  that 
the  work  performed  by  men  working  8  hours  per  day,  was  3900  foot-pounds  per  man, 
per  minute  by  the  tread-wheel ;  and  only  2600  by  a  winch. 

After  piles  have  been  driven,  and  their  heads  carefully  sawed  off  to 

a  level,  if  not  under  water,  the  spaces  between  them  are  in  important  cases  filled  up  level  with  their 

tops  with  well  rammed  gravel,  stone  spawls,  or  eoncrete,  in  order 
to  Impart  some  sustaining  power  to  the  soil  between  the  piles.  Two 
courses  of  stout  timbers,  (from  8  to  12  ins  square,  according  to  the 
weight  to  be  carried)  are  then  bolted  or  treenailed  to  the  tops  of  the 
piles  and  to  each  other,  as  shown  lu  the  Pig.  forming  what  Is  called 
a  if  rill  ace.  '  On  top  of  these  is  bolted  a  floor  or  plat- 
form of  thick  plank  for  the  support  of  the  masonry ;  or  the  timbers 
of  the  upper  course  of  the  griHage  may  be  laid  close  together  to  form  the  floor.  The  space  below  the 
floor  should  also,  in  important  cases,  be  well  packed  with  gravel,  spawls,  or  concrete. 
If  nnder  water,  the  piles  are  sawed  off  by  a  diver,  or  by  a  circular  saw  driven 
by  the  engine  of  the  pile-driver,  and  the  grillage  is  omitted.  Instead  of  it  the  masonry  or  concrete 
may  be  built  in  the  open  air  in  a  caisson,  which  gradually  sinks  as  it  beoomes  filled ;  or  on  a 

strong  platform  which  is  lowered  upon  the  piles  by  screws  as  the  work  progresses.  Or  a  strong 

oaissou  may  first  be  sunk  euiirely  under  water,  and  then  be  filled  with  oonorete,  up  to  near 

low  water;  the  oaisson  beiug  allowed  to  remain.  Or  the  caisson  may  form  a  cofferdam,  to  be  first 
sunk,  and  then  pumped  out.  If  the  ground  is  liable  to  wash  away  from  around  the  piles,  as  in  the 
oase  of  bridge  piers,  Ac,  defend  it  by  sheet-piles,  or  rip- rap,  or  both. 

The  cost  of  a  floating:  steam  pile  driver,  in  Phiiada,  scow  24  ft  by  so  ft, 

draft  18  ins,  with  one  engine  for  driving,  and  one  (to  save  time)  for  getting  another  pile  ready  ;  with 
one  ton  hammer,  is  about  $0000 ;  and  §500  more  will  add  a  circular  saw.  Ac.  for  sawing  off  piles  at  any 
reqd  depth.  Requires  engineman,  cook,  and  4  or  5  others.  Will  burn  about  half  a  ton  of  coal  per  day. 
Driving  '20  ft  into  gravel,  and  sawing  off.  will  average  from  15  to  20  piles  per  day  of  10  hours.  In 
mud  about  twice  as  many.    On  land  about  half  as  many  as  in  water. 


The 


e  ynnpowder  pile  driver  invented  by  Mr. 

.leal  engineer  of  Phiiada,  is  a  very  meritorious  mactiiue. 


Thomas  Shaw,     the  well-known 

engineer  of  Phiiada,  is  a  very  meritorious  mactiiue.     The  hammer  in  worked  by  small 

cartridges  of  powder,  placed  one  by  one  in  a  receptacle  on  top  of  the  pile:  and  exploded  by  the  ham- 
mer itself.  It  can  readily  make  SO  to  40  blows  of  6  to  10  ft,  per  minute ;  and,  since  the  hammer  does 
not  come  into  actual  oootact  with  the  piles,  it  does  not  injure  their  heads  stall;  thus  dispensing 
with  iron  hoops.  *c,  for  preserving  them.     When  only  a  slight  blow  is  required,  a  smaller  cartridge 
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is  used.  To  drive  a  pile  20  ft  into  mud  averages  about  one-third  of  a  pound  of 
powder ;  into  gravel,  4  times  as  much.  This  machine  does  not  assist  in  raising  the 
pile,  and  placing  it  in  position,  as  is  done  by  ordinary  steam  pile  drivers ;  the  latter, 
however,  average  but  from  6  to  14  Mows  per  minute. 

Piles  have  been  driven  by  exploding  small  charges  of  dynamite 
laid  upon  their  heads,  which  are  protected  by  iron  plates. 

Steam-hammer  pile  drivers,  operating  on  the  principle  of  that  devised 
by  BTasmy  th  about  1850,  are  economical  in  driving  to  great  depths  in  difficult 
soils  where  there  are  say  200  or  more  piles  in  clusters  or  rows,  so  that  the  machine 
can  readily  be  moved  from  pile  to  pile. 

The  8 team  cylinder  is  upright,  and  is  confined  between  the  upper  ends  of  two 
vertical  and  parallel  I  or  channel  beams  about  6  to  12  ft  long  and  18  ins  apart, 
the  lower  ends  of  which  confine  between  them  a  hollow  conical  "  bonnet  cast- 
ing," which  fits  over  the  head  of  the  pile.  This  casting  is  open  at  top,  and  through 
it  the  hammer,  which  is  fastened  to  the  foot  of  the  piston-rod,41  strikes  the  head  of 
the  pile.  Each  of  the  vertical  beums  encloses  one  of  the  two  upright  guide- timbers, 
•or  "leaders,"  of  the  pile  driver,  between  which  the  driving  apparatus,  above  de- 
scribed, is  free  to  slide  up  or  down  as  a  whole. 

When  a  pile  has  been  placed  in  position,  ready  for  driving,  the  bonnet  casting  is 
.placed  upon  its  head,  thus  bringing  the  weight  of  the  beams, cylinder,  hammer, and 
casting  upon  the  pile.    This  weight  rests  upon  the  pile  throughout  the  driving,  the 
apparatus  sliding  down  between  the  leaders  as  the  pile  descends. 

The  steam  is  conveyed  from  the  boiler  to  the  cyl  by  a  flexible  pipe.  When  it  is 
admitted  to  the  cyl,  the  hammer  is  lifted  about  30  or  40  ins,  and  upon  its  escape  the 
hammer  falls,  striking  the  head  of  the  pile.  About  60  blows  are  delivered  per  min- 
ute. The  hammer  is  provided  with  a  trip-piece  which  automatically  admits  steam 
to  the  cylinder  after  each  blow,  aud  opens  a  valve  for  its  escape  at  the  end  of  the 
up-stroko.  By  altering  the  adjustment  of  this  trip-piece,  the  length  of  stroke  (and 
thus  the  force  of  the  blows)  can  be  increased  or  diminished.  The  admission  and 
escape  of  steam,  to  aud  from  the  cyl,  can  also  be  controlled  directly  by  the  attendant. 
The  number  of  blows  per  minute  is  increased  or  diminished  by  regulating  the  sup- 
ply of  8 team. 

in  making  the  up-stroke,  the  steam,  pressing  against  the  lower  cyl  head,  of  course 
prases  downward  on  the  pile  and  aids  its  descent. 

The  chief  advantage  of  these  machines  lies  in  the  great  rapidity 
with  which  the  blows  follow  one  another,  allowing  no  time  for  the  disturbed  earth, 
sand,  Ac,  to  recompact  itself  around  the  sides,  and  under  the  foot,  of  the  pile.  This 
enables  the  machines  to  do  work  which  cannot  be  done  with  ordiuary  pile  drivers. 
They  have  driven  Norway  pine  piles  42  ft  into  sand.  They  are  less  liable  than 
others  to  split  and  broom  the  pile,  so  that  these  may  be  of  softer  and  cheaper  wood. 
The  bonnet  casting  keeps  the  head  of  the  pile  constantly  in  place,  so  that  the  piles 
do  not "  dodge  "  or  get  out  of  line.  Their  heads  have,  in  some  cases,  been  set  on  fire 
by  the  rapidly  succeeding  blows. 

These  machines  consume  from  1  to  2  tons  of  coal  in  10  hours,  and 
require  a  crew  of  5  meu.  They  work  with  a  boiler  pressure  of  from 
60  to  75  lbs  per  sq  inch. 

They  are  made  by  R.  J.  &  A.  B.  Gram,  80  Griswold  St,  Detroit,  Mich,  and 
by  Vulcan  Tron  Works,  86  N.  Clinton  St,  Chicago,  111. 

The  largest  (No.  1)  Vulcan  machine  has  a  hammer  weighing;  about  3640 
lbs;  strofee,  36  ins;  dlam  of  cyi,  12  ius;  space  between  leaders,  19^  ins. 
Cost  (1888)  including  hose,  fittings,  Ac,  but  exclusive  of  hoisting  engines  aud  boiler, 
about  $1076  on  cars  at  works. 

The  Vulcan  Works  make  a  railroad  car,  furnished  with  a  plle-drl  vlnjr 
machine,  and  2  hor  engines,  with  boiler,  for  raising  the  hammers.  Either  the 
Nasmyth,  or  the  ordinary,  hammer  may  be  used.  The  car  can  be  made  self-pro- 
pelling when  desired.  It  is  larger  than  an  ordinary  platform  car,  and  is  provided 
with  lateral  supports  to  enable  it  to  drive  piles  to  the  right  or  left  of  the  road-bed. 
The  leaders  are  hinged,  so  that  they  can  be  laid  horizontally  upon  the  cur  when  not 
in  use. 

♦In  the  Cram  machine  the  hammer  is  fastened  to  the  lower  end  of  the  cylinder, 
instead  of  to  that  of  the  piston-rod.  The  cylinder  rises  and  falls  with  the  hammer, 
and  its  weight  is  thus  utilized  in  increasing  the  force  of  the  blows.  Steam  Is  sup- 
plied to  the  cylinder  through  the  piston-rod,  which  is  made  hollow  for  this  purpose. 
The  piston-rod  is  fixed  in  place  between  the  vertical  beams  by  means  of  a  cross- head 
at  its  top.    The  piston  is  fastened  to  the  foot  of  the  piston-rod. 
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Rales  for  the  Sustain  in  ft  Power  of  Piles. 

Thor  diltr .ory  Bust.     No  nka.li  ■pnlj  Don-mill  to  ill  oondllloni.     TB» |~H  [Mil  Wn 

■  Ml'     |,|hl'.l.    >H    ".'''l    'MII'M.    MIL-L'     >>    I    ..    I '     ' ■■■ I    I    ► 

lnuc.  LCCDIH04U.D^^..f  Ilii'.l.",!..  •■:    ..  „| -.  I  •■!  .■ .  mi  Hi-.  ].ik  P":.l  l!:  .•  t)^y  :  I'.in  iV. l<Ui.^  li- 

rrlctlon  bet.mc  .Kern.     Tm  It-.  Urn  UM  Mil.  lb- mire  will  Um  pIWi  be  allied  bjlnaw;  «l!.n 

FlKo    I.- >"L..  .1     !■.!■.        II'        V. ■■    IK"    .    I     ■'     ■    1 ,. 

lii  the  Ann  London  bridge  across  the  Thames,  **ch  pilo  under  pome  of  the 
■tiff,  blue  London  cley ;  and  are  placed  neariy  s  ft  apart  from  center  to  center;  which 
fa  too  much  for  such  plera  and  arches.  At  3  ft  apart  scant,  the;  would  have  had  but 
*5  Mm*  to  sustain.    fheyarelftlndlamattbemiddleoftbeirreDirth.  Uglyset- 

Blnchfrlnro  bridge,  in  the  same  vicinity,  exhibits  the  same  defect.  By  some 
this  Is  ascribed  in  both  cases  to  the  gradual  admission  of  water  between  tbeelay  and 
the  piles,  perhaps  by  capillary  action  of  the  piles  themselves:  or  perhaps  by  direct 
lesldii!>.  It  mav.  hnw,:yer.  he  owing  io  part  to  the  rnn-hiiiK  of  the  ptiilniniis  on 
top  of  the  piles-,  or  to  a  bodily  settlement  of  the  entire  mass  of  plied  clay,  into 
the  implied  clay  beneath,  under  the  immense  load  that  rests  upon  It.  This  hers 
■moon  ts  to  5U  tons  per  sq  foot  of  area  covered  by  a  pier ;  and  is  probably  too  much 
to  trust  upon  damp  clay,  when  even  the  slightest  sinking  la  prejudicial. 

MaJ  J.  Sander*),  U.  B.  Eoga,  experimented  largely  at  Fort  Delaware  In  river 
mud;  andgavethe  following  in  the  Jour.  Franklin  Inst,  Nov  1881,  For  the  ■■>■> 
load  for  a  common  wooden  pile,  driven  until  It  siu.s  through  only  small  and 
nearly  equal  distances,  under  successive  Mows,  divide  the  height  nf  the  fall  In  ins, 
by  the  small  linking  at  each  blow  In  Ins.    Mult  the  quo!  by  the  weight  nf  the 


prod  by  8.    He  does  pot  state  any  specific  coefficient  o 


III  nlUHnliB  1-Jor  B*alirv°!uM  i'ad  mi 


lin  M«ior  guiin   rule  aid  nun  Ibil  ln»USM  if  n  rmfrtt  o/  1  b 

X,  Ifcoj  Jirrti-  wIMv  Id  «™  «  It,  BrMae,Pi>v«,  hum': 


ui^i 


WllUMI  Xlltll  KOI  &■,  hll  5 

KI'Mii*.      TUB  pill,  BHIuiu  IT  lent 


ICndTTn.'!  u?u5*HfilkI 


MiiSnTaZSZtifiSib  wis  utTfitaT  '  '  ™  """  ™*  U,r  '°"f]'"  " 

aptaku.  hown,  tail  tbe  dLIh  did  not  icoitllj  aloa,  u  *u  Ckud  ilviyi  b,  !■ 
IbrfruUHiby  tat  DUirTin;  bill  lb*L  Iber  w*re  mprfly  oOBLp-VPMd  oi  panLilly 
IvlDf.  B0.IOT  itnpllawer.  driven  null  tln-y  "ani  i'i  only  Bu  luh  under  lii) 
IM  wfcafcbar  UMy  -ara  Any  fiur^i .  i,,  riuinyr  in  Lbe  around,  loan  wbva  Ifetr  W  rv- 
'Ban;  ml  muldor  ■»•  iiUHit  uiHtoiioo  miUn  win, 
taunt*  II8TS)  n  Phils,!.,  ..  u-ini  Pll.  -,.  driran  IS  fl  i»u>  ion  rlvtr  ■■!.  bi  • 
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give*  6.4  tons  as  the  extreme  load.  Uuder  9  tons  it  sank  .75  of  an  Inch ;  and  coder  15  tons.  5  ft.  By 
Haj  Sanders'  rale  its  safe  load  would  be  2.14  tons.  ' 

A  U.  8.  Govt  trial  pile,  about  12  ins  sq,  driven  »  ft  through  layers  of  stlt,  sand,  and  clay,  ham- 
mer »10  lbs,  fall  ft  ft,  last  sinking  .375  of  an  inch,  bore  26.6  tons ;  but  sank  slowly  under  27.»  tons. 
Our  rule  gives  26  tons  extreme  load. 

Frenen  engineers  consider  a  pile  safe  for  a  load  of  25  tons,  when  it  is  driven  to  the  refusal  of 
1344  lbs,  falling  4  ft ;  our  rule  gives  24.2  tons  for  safety  2.  They  estimate  the  refusal  by  its  not  sink- 
ing more  than  .4  of  an  inch  under  30  blows.  In  many  Important  bridges  Ac  they  drive  until  there  is 
no  sinking  under  an  800  lb  hammer,  falling  5  ft.  Our  rule  here  gives  31.5  tons  extreme  load  •  or  15  7 
for  safety  2.  —.«««•.■ 

As  to  the  proper  load  for  safety,  we  think  that  not  mors  than  one-half  the  extreme  load  given 
by  our  rule  should  be  taken  for  piles  thoroughly  driven  in  Jlrm  soils :  nor  more  than  one-sixth  when 
in  river  mad  or  marsh ;  assuming,  as  we  have  hitherto  done,  that  their  feet  do  not  rest  upon  rock 

If  liable  to  tremors,  take  only  half  these  loads. 


Piles  mmay  be  snaae  of  aay  required  slae  as  regards  either  length  or  eross  section,  by  bsh> 
ing  and  Ashing  together  sidewise  and  lengthwise,  a  number  of  squared  timbers. 

Piles  with  blunt  ends.    At  South  Street  Bridge,  Phila,  1200  stout  piles  of  Nova  Scotia  spruce 

with  blunt  ends  were  driven  15  to  35  ft,  partly  in  strong  gravel,  by  a  common  steam  pile  driver,  at  a 
total  cost  (piles  and  driving)  of  $7  to  $8  each.  At  Wilmington  Harbor,  Cal,  Mr.  C.  B.  Sears, 
TJ.  S.  Army.  (Jour.  Am.  Soc.  G.  E.,  Deo  1876)  fouud  that  in  firm  compact  wet  sand,  after  the  first  few 
blows  the  piles  would  not  penetrate  more  than  .5  to  1.6  ins  at  a  Mow,  no  matter  how  far  the  2400  ft 
hammer  fell.  The  unpointed  ones  of  whioh  there  were  many  thousands,  drove  quite  as  readily  to  aver- 
age depths  of  15  ft  in  this  sand  as  the  pointed  ones,  and  with  much  less  tendency  to  cant.  As  a  high 
fall  bad  no  farther  effect  than  to  batter  the  heads  he  reduced  it  to  10  ft.  which  drove  an  average  of 
about  .72  inch  to  a  blow.  To  insure  straight  driving,  the  ends  must  be  at  right  angles  to  the  length. 
Instead  Of  driving  piles  to  moderate  depths  it  m*v  at  times  be  better  to  merelr  plant  tbem  butt 
down  in  holes  bored  by  an  anger  like  Pierce's  Well  Borer.  See  p  696.  This' will  avoid  shaking 
adjacent  buildings.    See  "  In  Mobile  Bay,"  p  646. 

The  ultimate  friction  of  ptles  even  with  the  bark  on,  and  driven  about  3  ft  apart  from  en 
to  oen  probably  never  much  exceeds  about  1  ton  per  sq  ft  even  when  well  driven  into  dense  ranUt 
sand  or  loamy  gravel ;  nor  more  than  .5  to  .75  of  a  ton  in  common  soils  and  clays ;  or  than  .1  to  .2 
of  a  ton  In  silt  or  wet  river  mnd  depending  on  the  depth  and  density. 

The  frletlon  of  east  Iron  cylinders  seems  to  be  about  .3  that  of  piles. 

There  in  a  grent  difference  In  the  penetrability  of  different 

bridge,  no  special  difficulty  was  found  in  driving  piles  35  ft  into  deep  wet  * 


sands.  Thus,  in  the  Lary  bridge,  no  special  difficulty  was  found  in  driving  piles  35  ft  into  deep 
sand  ;  while,  in  other  wet  localities,  piles  of  very  tough  wood,  well  shod  with  iron,  cannot  be  driven 
6  ft  iuto  sand,  without  being  battered  to  pieces.  The  same  difference  has  been  found  in  the  case  of 
screw-piles.  At  the  Brandy  wine  light-house  these  could  not  be  forced  more  than  10  ft  into  the  clean 
wet  saud.  Stiff  wet  clay  (and  clean  gravels)  also  differ  very  much  iu  this  respect.  Generally  they 
are  penetrable  to  any  required  depth  with  comparative  ease ;  but  we  have  seen  stout  hemlock  piles 
battered  to  pieces  in  driving  6  ft  through  wet  gravel ;  and  Mr.  Bendel  found  that  at  Plymouth  be 
"could  not  by  any  force  drive  screw- piles  more  than  about  5  ft  into  the  clay,  whioh  is  not  as  stiff  as 
the  London  clay,  on  which  the  foremen tioned  new  London  and  Blackfriars  bridges  were  founded; 
and  into  whioh  even  ordinary  wooden  piles  were  driven  20  ft  without  special  dlffloulty. 

A  mixture  of  mnd  with  the  sand  or  gravel  facilitates  driving  very  much ;  but  before  beginning  an 
extensive  system  of  piling,  a  few  experimental  ones  should  ne  driven,  to  remove  doubt  an  to  the 
trouble  and  expense  that  may  be  anticipated.  Mere  boring  will  often  be  but  a  poor  substitute  for  this. 

As  a  general  rule,  a  heavy  hammer  with  a  low  fall,  drives  more  pleasantly  than  a  light  one  «ita  a 
high  fall.  Where  a  hammer  of  %  ton  (1500  lbs)  falling  25  ft,  in  a  very  strong  ground,  shattered  the 
piles;  one  of  2  tons,  (4500  lbs,)  with  7  ft  fall,  drove  them  satisfactorily.  More  blows  can  be  made  ia 
the  same  time  with  a  low  fall;  and  this  gives  less  time  for  the  sell  to  compact  itself  around  the  piles 
between  the  blows.  At  times  a  pile  may  resist  the  hammer  after  sinking  aome  distance;  but  start 
again  after  a  short  rest;  or  it  may  refuse  a  heavy  hammer,  and  start  under  a  lighter  one.  It  way 
drive  slowly  at  first,  and  more  rapidly  afterward,  from  causes  that  may  be  difficult  to  discover.  The 
driving  of  one  sometimes  causes  adjacent  ones  previously  driven,  to  spring  upward  several  feet.  A 
pile  is  in  the  most  favorable  position  when  its  root  rests  upon  rook,  alter  its  entire  length  has  been 
driven  through  a  firm  soil,  which  affords  perfect  protection  against  iu  bending  like  an  overloaded 
Column;  and  at  the  same  time  creates  great  friction  against  its  sides ;  thus  assisting  much  in  sus- 
taining the  load,  and  thereby  relieving  the  pressure  upon  the  foot.  A  pile  may  rest  upon  rock,  and 
yet  be  very  weak ;  for  if  driven  through  very  soft  soil,  all  the  pressure  is  borne  by  the  sharp  point; 
and  the  pile  becomes  merely  a  column  in  a  worse  oonditlon  than  a  pillar  with  one  rounded  end.  See 
l<'ig  1 ,  page  439,  Strength  of  Iron  Pillars.  In  such  soils  the  piles  need  very  little  sharpening;  indeed, 
had  better  be  driven  without  any ;  or  even  butt  end  down. 

The  driving  of  a  pile  in  soft  ground  or  mud  will  generally  cause  an  adjacent  one  previously  driven, 
to  lean  outwards  unless  means  be  taken  to  prevent  it. 

Iu  piling  an  area  of  firm  soil  it  Is  best  to  begin  at  its  center  and  work  outwards;  otherwise  the  soil 
may  become  so  consolidated  that  the  central  ones  can  scarcely  be  driven  at  all. 

Elastic  reaction  of  the  soil  has  been  known  to  cause  entire  piled  areas 
to  rise,  together  with  the  piles,  before  they  were  built  upon. 

In  very  firm  soil,  especially  if  stony ;  or 
even  in  soft  soil,  if  the  piles  are  pointed,  and 
are  to  be  driven  to  rock ;  their  feet  should 
be  protected  by  shoes  of  either  wrought 
iron,  as  at  a,  «,  and  b,  Figs  13 ;  spiked  to  the 
pile  by  means  of  the  iron  straps  w,  forged 
to  them ;  or  of  cast  iron,  as  at  c,  where  the 
shoe  is  a  solid  inverted  cone,  the  wide  flat 
tase  of  which  affords  a  good  bearing  for  the 
flat  bottom  of  the  pile-point  The  dotted 
line  Is  a  stout  wrought-iron  spike,  well  se- 
cured in  the  cone,  which  is  cast  around  it; 
this  holds  the  shoe  to  tho  pile.    Regular 
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wought-iron  shoes  will  generally  weigh  18  to  30  lbs ;  but  sheet  iron  may  be  used  when  the  soil  is  bnt 
moderately  oompact ;  plate  iron  when  more  ao ;  and  solid  iron  or  steel  points,  from  2  to  4  ins  square 
at  the  butt,  aud  4  to  8  ins  long,  when  very  compact  and  stony.  Holes  may  be 
drilled  In  rock  for  receiving  the  points  of  piles,  and  thus  preventing  them 
from  slipping;  by  first  driving  down  a  tube,  as  a  guide  to  the  drill,  after  the  earth  is  cleaned  oat  of 

the  tube.    To  preserve  the  beads  to  some  extent  from  splitting  under  the 

blows  of  the  hammer,  they  are  usually  surrounded  by  a  hoop  *,  Fig  d ;  from  \i  to  1  inch  thick ;  and 
1%  to  3  ins  wide.  These  are,  however,  sometimes  but  imperfect  aids ;  for  in  hard  driving  the  head 
will  crush,  split,  and  bulge  out  on  all  sides,  frequently  for  many  feet  below  the  hoop :  moreover,  the 
hoops  often  split  open.  The  heads,  therefore,  often  have  to  be  sawed,  or  pared  off  several  times 
before  the  pile  is  completely  driven ;  and  allowance  must  be  made  for  this  loss  in  ordering  piles  for 
any  given  work;  especially  in  bard  soil.  Capt  Turnball,  U  3  Top  Eng,  states  that  at  the  Potomac 
aqueduct,  his  pileheads  were  preserved  from  injury  by  the  simple  expedieut  of  dishing  them  out  to  a 
depth  of  about  an  inch,  and  covering  them  by  a  loose  plate  of  sheet  iron ;  as  shown  in  section  at  a, 
Figs  18.  A  very  slight  degree  or  brooming  or  crushing  of  the  bead,  materially  diminishes  the  force 
of  the  ram.  Piles  may  be  driven  through  smnll  loose  rubble  without  much  labor.  Shaw's  driver 
does  not  injure  the  heads.    Piles  which  foot  on  sloping  rock  may  slide  when  loaded. 

To  drive  a  pile  head  below  water  a  wooden  punch,  or  follower,  as 

atp,  Figs  13,  may  be  used.  The  foot  of  this  punch  flu  into  the  upper  part  of  a  casting  ff.  round  or 
square,  according  to  the  shape  of  the  pile ;  and  having  a  transverse  partition  o  o.  The  lower  part 
of  the  casting  is  fitted  to  the  bead  of  the  pile  t;  and  the  hammer  falls  on  top  of  the  punch.  When 
driving  piles  vertically  in  very  soft  soil,  to  support  retaining- walls,  or  other  structures  exposed  to 
horizontal  or  inclined  forces,  care  must  be  taken  that  these  forces  do  not  push  over  the  piles  them- 
selves ;  for  in  suoh  soils  piles  are  adapted  to  resist  vertical  forces  only,  unless  they  be  driven  at  an 
inclination  corresponding  to  the  oblique  force. 

A  broken  pile  may  be  drawn  oat,  or  at  least  be  started,  if  not  very 

firmly  driven,  by  attaching  scows  to  it  at  low  water,  depending  on  the  rising  tide  to  loosen  it.  Or  a 
long  timber  may  be  used  as  a  lever,  with  the  head  of  an  adjacent  pile  for  its  fulcrum.  Or  a  crab 
worked  by  the  engine  of  the  pile  driver.  In  very  difficult  oases  the  method  devised  by  Mr  J.  Monroe, 
C  K,  may  be  used.  A  4  inch  gas  pipe  15  ft  long,  shod  with  a  solid  steel  point,  and  having  an  outer 
shoulder  for  sustaining  a  oiroular  punch,  was  thereby  driven  close  to  and  2  or  3  ft  deeper  than  two 
piles  driven  12  ft,  in  37  ft  water,  and  broken  off  by  ice.  Fonr  pounds  of  powder  were  then  deposited 
in  the  lower  end  of  the  pipe,  and  exploded,  lifting  the  piles  completely  out  of  place.  It  will  often  be 
best  to  let  a  broken  pile  remain,  and  to  drive  another  close  to  it.    May  be  drawn  by  hydraulic  press. 

lee  adheres  to  piles  with  a  force  of  about  30  to  40  lbs  per  sq  inch,  and  in 
rising  water  may  lift  them  out  of  place  if  not  sufficiently  driven. 

Iron  piles  and  cylinders.  Cast  iron  in  various  shapes  has  been  much 
nsed  in  Burope  for  sheet  piles :  especially  when  intended  to  remain  as  a  facing  for  the  protection  of 
eonorete  work,  filled  in  behind  and  against  them.*  Cast-iron  cylinders,  open  at  both  ends,  may  be 
need  ma  bearing  piles ;  and  may  be  cleaned  out,  and  filled  with  ooncrete,  if  required.  The  friction  in 
driving  is  greater  than  in  solid  piles,  inasmuch  as  it  takes  place  along  both  the  inner  and  the  outer 
surfaces.  This  may  be  diminished  by  gradually  extracting  the  inside  soil  as  they  go  down.  They 
require  much  care,  and  a  lighter  hammer,  or  less  fall  than  wooden  ones,  to  prevent  breaking j  to 
whiob  end  a  piece  of  wood  should  be  interposed  bet  ween  the  hammer  and  tbe  pile ;  or  the  ram  may  be 
of  wood.  But  it  is  better  to  use  thera  in  the  shape  of  screw  cylinders,  which, 
moreover,  gives  them  tbe  advantage  of  a  broad  base,  as  in  the  following. 

Brand's  process.  He  experimented  with  an  open  cast-iron  cylinder,  3  ft 
outer  dlam ;  1  %  ins  thick ;  in  lengths  of  10  ft,  connected  together  by  internal  socket  and  joggle  joints, 
secured  by  pins,  and  run  with  lead.  It  had  a  sharp-edged  hoop  or  cutter  at  bottom :  and  a  little 
above  this,  one  turn  of  a  screw,  with  a  pitch  of  7  ins,  and  projecting  one  foot  all  around  the  outside 
of  the  ey  Under.  By  means  of  capstan  bars  and  winches,  he  screwed  this  down  through  stiff  clay  and 
sand,  58  feet  to  rook,  on  the  bank  of  a  river.  In  descending  this  distance  the  cylinder  made  142 
revolutions ;  sinking  on  an  average  about  5  ins  ateaeh.    The  time  occupied  in  actually  screwing  was 

48)4  hours;  or  about  1-r^r  ft  per  hour.  There  were,  however,  many  long  intervals  of  rest  for  clean- 
ing away  the  soil  in  tbe  inside.  After  resting,  there  was  nc  great  difficulty  In  restarting.  The  next 
fig  will  give  an  idea  of  the  arrangement  of  the  sorew. 

The  screw-pile  of  Alex.  Mitchell,  Belfast,  consists  usually  of  a  rolled  iron 
shaft  A,  Figs  14,  from  3  to  8  ins  diam;  and  having  at  its  foot  a  cast-iron  screw 
8  8  S,  with  a  blade  of  from  18  ins  to  5  ft  diam.  The  screws  used  for  light-houses, 
exposed  to  moderate  seas,  or  heavy  ice-fields,  are  ordinarily  about  3  ft  diam,  have 
\%  turns  or  threads,  and  weigh  about  600  His.  The  round  rolled  shafts  are  from 
6  to  8  ins  diam.  They  are  screwed  down  from  10  to  20  ft  into  clay,  sand,  or  coral,  by 
about  30  to  40  men,  pushing  with  6  to  8  capstan  bars,  the  ends  of  which  describe,  a 
circle  of  about  30  to  40  ft  diam.  For  this  purpose  a  platform  on  piles  has  frequently 
to  be  prepared.  In  quiet  water,  this  may  be  supported  on  scows ;  or  a  raft  wait 
moored  may  tie  used  when  the  driving  is  easy ;  or  the  deck  of  a  large  scow  with  a 
well-hole  in  the  center  for  the  pile  to  pass  through.  Roughly  made  temporary 
cribs,  filled  with  stone  and  sunk,  might  support  a  platform  in  some  positions.  The 
platform  must  evidently  be  able  to  resist  revolving  horizontally  under  the  great 
pushing  force  of  .the  men  at  the  capstan  bars;  and  on  this  account  it  is  difficult 
to  drive  screws  to  a  sufficient  depth,  in  clean  compact  sand,  by  means  of  a  floating 
platform.    The  feet  of  the  piles  must  be  firmly  secured  to  the  screws,  to  prevent 

*  Cast  Iron,  Intended  to  resist  sea- water,  should  be  close-grained, 

hard,  white  metal.  In  sneh,  the  small  quantity  of  contained  carbon  is  chemically  combined  with  tbe 
metal ;  but  in  the  darker  or  mottled  irons  it  is  mechanically  combined,  add  such  iron  soon  becomes 
■oft,  (somewhat  like  plumbago,)  when  exposed  to  sea-water.  Hard  white  iron  has  been  proved  to 
resist  for  at  least  40  years  without  any  deterioi  ation ;  whether  constantly  under  water,  or  alternately 
wet  and  dry.  Copper  and  bronse  are  but  slightly  and  superficially  affected  by  sea- water ;  but  destruc- 
tive galvauio  aotion  takes  plaoe  if  diff  metals  are  in  oontaot.    See  p  218. 
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At-  the  Ti«van  Viaduct,  Mr  James  Brt*nlee,  England,  in  a  light 

nandy  marl  of  great  depth,  sank  hollow  oast  iron  cylinder*  of  10  ins  outer  diani,  to  a  depth  of  20  ft, 
by  means  of  a  Jet  pipe  2  ins  diam  passing  down  inside  of  the  cyliuder,  and  through  a  bole  in  Its  base, 
wbten  was  a  cast  iron  disk  80  ins  diam,  and  1  inch  thick,  strengthened  by  outside  flanges.  The  con- 
necting flanges  of  the  cylinder  sections  are  owtside,  thns  impeding  the  descent,  as  did  also  the  broad 
bottom  disk ;  stilt  S  or  *  he«rs  usosJty  snffloed  for  the  sinking  of  each,  to  20  ft  depth.  Aotual  trial 
•bowed  that  their  safe  sostainfng  power  w*s  aboat  6  tens  per  sq  ft  of  bottom  disk. 

At  I«ock  Ken  viaduct  each  pier  consists  of  two  cylinders,  open  at  both 
ends;  of  cast  iron,  8ft  in  diam;  l^jins  thick;  in  lengths  of  6  ft,  weighing 4  tous 
each  ;  and  bolted  together  by  inside  flanges,  with  iron  cement  between  them.  The 
cylinders  stand  8  ft  apart  in  the  clear;  and  are  in  36  ft  water.  "  A  strong  staging 
was  erected;  and  4  guide-piles  driven  for  each  cylinder.  The  several  lengths  being 
previously  bolted  together,  these  were  lowered  into  their  places.  Each  cylinder  saufc 
by  its  own  weight  one  or  two  ft  through  the  top  mud,  and  then  settled  upon  the  sand 
and  gravel  which  form  the  substratum  for  a  great  depth.  Into  this  last  they  were 
sunk  about  8  or  9  ft  farther,  by  excavating  the  inside  earth  under  water,  by  means 
of  an  inverted  conical  screw-pan,  or  dredger,  of  %  inch  plate  iron.  This  was 
2  ft  greatest  diam,  and  1  ft  deep ;  and  to  its  bottom  was  attached  a  screw  about  1  ft 
long,  for  assisting  in  screwing  it  down  into  the  soil.  Its  sides  had  openings  for  the 
entrance  of  the  soil ;  and  leather  flaps,  opening  inward,  to  prevent  its  escape.  From 
opposite  sides  of  the  pan,  3  rods  of  %.  inch  diam  projected  upward  4  feet,  and  were 
there  forged  together,  and  connected  l>y  an  eye-and-bolt  joint  to  a  long  rod  or  shaft, 
at  the  upper  end  of  which  was  a  four-armed  cross-handle,  by  which  the  pan  wat 
screwed  down  by  4  men  on  the  staging." 

"  When  a  pan  wat  foil,  a  slide  which  passed  over  the  joint  at  the  bottom  was  lifted  ;  and  the  pan 
was  raised  by  a  tackle.  This  pan  raited  aboat  1  cub  ft  at  a  time.  A  smaller  one  of  only  1  ft  diam, 
and  1  ft  deep,  raising  about  H  cob  ft,  was  used  when  the  material  was  very  hard.  By  this  means 
the  cylinders  were  sank  at  the  rate  of  from  2  to  18  ins  per  day.  The  slow  rate  of  2  ins  was  caused 
by  stones,  some  of  them  of  50  lbs.  These  were  first  loosened  by  a  screw-pick,  which  was  a  bar  of 
iron  3  ft  long,  with  oireolar  arms  12  ins  long  projecting /rom  the  sides.  After  being  loosened  by  this, 
the  stones  were  raised  by  the  pan.  The  expense  of  all  this  apparatus  was  very  trifling;  aud  the  ex* 
eavation  was  done  easily  and  cheaply.  After  the  excavation  was  finished,  and  the  cylinder  sunk, 
before  pumping  out  the  water,  concrete  (gravel  2,  hydraulic  cement  1  measure)  was  filled  in  to  the 
depth  of  12  feet,  by  means  or  a  large  pan  with  a  movable  bottom ;  aud  about,  12  days  were  left  it  te 
harden.  The  water  was  then  pumped  out,  and  the  masonry  built  in  open  air.  .  In  some  of  the  cylin- 
ders, however,  the  water  rose  so  fast,  notwithstanding  the  12  ft  of  concrete,  that  the  pumps  could  uot 
keep  them  clear ;  and '6  ft  more  of  concrete  had  to  be  added  in  those.  Finally  random-stone,  or  rough 
dry  rubble,  was  thrown  iu  around  the  outsides  of  the  cylinders,  to  preserve  them  from  blows  and 
undermining."  •    The  masonry  extends  20  ft  above  the  cylinders,  and  above  water. 

The  vacuum  and  plenum  processes.  We  can  barely  allude  to 
the  general  principles  of  these  two  modes  of  sinking  large  hollow  iron  cylinders.  In 
the  vacua  m  process  of  Dr.  Lawrence  Holker  Potts,  of  London,  the  cylinder 

c,  Fig  16,  while  being  sunk,  is  closed  air-tight  at  top,  by  a 
trap  door,  opening  upward.  A  flexible  pipe  p,  of  India- 
rubber,  long  enough  to  adapt  itself  to  the  sinking  of  the 
cylinder,  and  provided  with  a  stopcock  s,  loads  from  the 
cylinder  to  a  vessel  v ;  which  may  be  placed  on  a  raft,  or  a 
scow,  or  on  land,  as  may  suit  circumstances.  The  cylinder 
being  first  stood  up  in  position,  as  in  the  fig,  the  water  is 
J^U  \  A  pumped  out,  and  the  interior  soil  removed  if  the  cylinder 

^r  has  sunk  some  distance  by  its  own  weight.    The  cock 

g  is  then  closed,  and  the  air  is  drawn  out  from  the  vessel  v 
by  an  air-pump.  The  cock  is  then  opened,  and  most  of  the  air  in  the  cylinder  rusher 
into  the  void  vessel  v;  thus  leaving  the  cylinder  comparatively  empty,  and  therefore 
less  capable  of  resisting  the  downward  pressure  of  the  external  air  upon  iU  top 
This  pressure,  as  is  well  known,  amounts  to  nearly  15  lbs  on  every  sq  inch ;  or  nearly 
1  ton  per  sq  ft  of  area  of  the  top.  Consequently  the  cylinder  is  forced  downward  in 
the  bed  of  the  river,  by  this  amount  of  pressure,  in  addition  to  its  own  weight,  at 
the  same  time,  the  pressure  of  the  air  upon  the  surface,  of  the  water  if  transmitted 
through  the  water  to  the  soil  around  the  open  foot  of  the  cylinder;  so  that  if  this 
soil  be  soft  or  semi-fluid,  it  will  be  pressed  up  into  the  nearly  void  cylinder,  in  which 
is  no  downward  pressure  to  resist  it.  The  descent  varies  from  a  few  inchesT  to  4  or  6 
ft  each  time.  The  process  is  then  repeated,  by  admitting  air  again  into  the  cylin- 
der, opening  the  trap-door,  removing  the  water  and  soil,  as  before,  &c  Additional 
lengths  of  cylinder  may  be  bolted  on,  by  means  of  interior  flanges. 

It  is  wnlapted  only  to  soft  sol  Is.  and  to  wet  sandy  ones ;  but  is  not  sufficient- 
ly powerful  in  very  eonipaot  ones;  nor  does  it  answer  where  obstructions  from  bowlders,  logs,  &c,  occur; 

•Hollow  Iran  Piles  either  cast  or  wrought  with  solid  pointed  feet,  to  be  driven  by  the  hammer 
falling  uteMe  of  them  and  striking  against  the  top  or  the  solid  foot,  are  a  recent  device  of  great  u*e  In 
many  banes.  They  are  made  in  section*  of  which  enough  oan  be  gradually  united  to  reaofa  any 
required  depth.  They  *vold  the  danger  of  beading  which  attends  striking  the  top.  The  iron  feet  are 
•welled  outwardly  a  lttjje  to  diminish  earth.friotloa  against  the  pile  above  them. 
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the  removal  or  which  requires  men  to  enter  the  cylinder  to  its  foot;  whioh  they  oannot  do  in  the  rarefied 
nir.  The  pipe  p  should  be  of  sufficient  diam  to  allow  the  air  to  leave  the  cy liuder  rapidly,  so  that  the 
outer  pressure  may  act  upon  the  top  as  suddenly  as  possible. 

At  the  Goodwin  Sands  light-bouse,  England,  hollow  cylinders  1%  ft  in  diam,  were  sunk  34  ft  into 
sand  by  this  process,  in  about  6  hours;  where  a  steel  bar  could  be  driven  only  8  ft  by  a  sledge-ham- 
mer. Others,  12  ins  in  diam,  have  been  sunk  16  ft  into  sand  within  less  than  an  hour.  In  this  last 
instance  the  air-pump  had  two  barrels,  *H  ins  diam,  16  inoh  stroke,  worked  by  4  menu  The  pipe? 
was  of  lead,  and  only  %  inoh  diam. 

The  plenum  process,  invented  by  Mr  T riper, 
of  France,  consists  in  forcing  air  into  the  cylinder 
0  C,  Fig  17,  to  such  an  extent  as  to  force  out  the 
water,  compelling  it  to  escape  beneath  the  open  foot, 
into  the  surrounding  water.  The  interior  of  the  cylin- 
der being  thus  left  dry.  to  the  bottom,  men  pass  dowu  it 
to  loosen  and  remove  the  soil  at  and  below  its  base.  When 
this  is  done,  they  leave ;  the  compressed  air  is  allowed  to 
escape ;  and  the  cylinder,  being  no  longer  sustained  by 
the  upward  pressure  of  the  compressed  air  beneath  its 
top,  siuks  into  the  cavity,  or  the  loosened  material  at  its 
foot.  Fig  17  shows  the  simple  arrangement  by  which 
workmen  are  enabled  to  enter  or  leave  the  cylinder, 
without  allowing  the  compressed  air  to  escape ;  as  well 
as  the  general  principle  of  the  entire  process. 

L  L  is  a  separate  small  chamber,  the  adr-loek*  which  is 
removed  when  a  new  length  of  pipe  is  to  be  added ;  and  afterward 
replaced  and  firmly  bolted  on.    This  chamber  has  a  small  air- tight 
door  d,  by  which  ft  can  be  entered  from  without :  and  another,  o, 
opening  into  the  eylinder.    The  flaps,  t,  h,  of  both  doors,  open  in- 
ward, or  toward  the  cylinder.    This  chamber  also  has  two  stopcocks;  one,  a,  in  ite  floor,  < 

eating  with  the  oy  Under ;  and  one  e.  above,  communicating  with  the  open 'air.  At  *  is  a  bent  tube, 
also  with  a  cock,  which  passes  air-tight  through  the  side  and  the  bottom  of  the  air-look.  Through 
it  the  compressed  air  is  forced  into  the  eylinder.  by  an  air  force  pump  or  condenser";  and  through  it 
the  same  air  is  allowed  to  escape  at  a  later  period.  A  siphon  is  shown  at  «  ft*.  A  drum  w  is  used 
for  hoisting  the  excavated  material  from  the  bottom,  to  the  air-lock ;  its  axle  Ci  passes  air-tight  through 
stufllng-boxes  In  the  sides  of  the  lock ;  the  hoisting  being  done  by  men  outside.  This  Is  the  general 
arrangement  employed  by  Mr  W.  J.  Mc Alpine,  GE.  of  New  York,  at  Harlem  bridge;  and  from  his 
description  of  it,  ours  has  been  condensed.  The  cylinders  were  there  6  ft  diam,  1  Jrf  ins  thick,  and  la 
lengths  of  9  ft,  bolted  together  through  inside  flanges  /,  as  the  sinking  went  on.  The  air-lock  is  6  ft 
diam,  by  nearly  U  ft  high :  with  sides  of  boiler  iron ;  and  top  and  bottom  of  cast  iron. 

Now  suppose  the  eylinder  G  0  to  be  let  down,  and  steadied  in  position,  as  in  the  fig ;  and  the  air- 
lock L  L  to  be  adjusted  on  top  of  it.  The  next  process  is  to  force  in  air  through  the  curved  tnhe  # ; 
the  flap  t  of  the  lower  door  o.  and  the  cock  a,  being  previously  closed.  As  the  compressed  air  scea- 
mnlates  in  the  cylinder,  it  forces  out- the  water;  which  escapes  partly  beneath  the  bottom  of  the  cyl- 
inder, and  partly  by  rising  through  the  siphon  nn,  and  flowing  out  at  g.  The  door  o  being  already 
closed,  and  that  at  d  open,  the  air  in  the  air-lock  is  in  the  same  condition  as  that  outside ;  so  that 
workmen  can  enter  it  readtiy.  Having  done  so,  they  close  the  door  d,  and  the  cock  e;  and  open  the 
cock  a,  through  whiob  condensed  air  from  the  cylinder  rushes  upward,  soon  filling  the  air-lock. 
When  this  ii  done,  the  flap  *  Is  opened,  and  the  men  descend  through  the  door  oby  a  ladder,  or  by  a 
bucket  lowered  by  the  drum  w,  to  the  bottom.  Here  they  loosen  and  excavate  the  material  as  deep 
as  they  can ;  and,  filling  it  into  a  bucket  or  bag,  they  signal  to  those  outside,  who  raise  it  to  the  sir- 
look.  When  done,  they  ascend  to  the  alr-Iojsk,  close  the  door  o.  and  the  cock  a;  and  open  the  cock  e, 
through  which  the  condensed  air  in  the  lock  soon  escapes,  leaving  the  internal  air  the  same  as  that 
outside.  The  door  d  is  then  opened,  the  buckets  of  earth  are  removed,  and  the  men  go  out.  Finally 
the  cock  at » is  opened,  the  condensed  air  in  the  eylinder  escapes  through  it  to  the  outside  air,  and 
the  eylinder  sinks  by  its  own  weight  into  the  cavity  and  loosened  soil  prepared  for  It  at  its  base,  and 
which  is  now  forced  up  into  the  cylinder  by  the  rush  of  the  returning  water.  The  process  Is  then 
repeated.  The  sinking  will  often  vary  from  0  to  10  or  more  feet  at  one  operation.  Until  depths  of 
40  or  50  ft,  most  men  can  endure  the  pressure  of  the  condensed  sir ;  bat  as  the  depth  increased  this 
becomes  more  diffioult,  and  positively  dangerous  to  life.  Cast-iron  cylinders  15  A  diam ;  and  great 
oaissons,  Fig  18,  have  been,  thus  sunk ;  but  at  times  at  great  expense  and  trouble. 

The  cylinder  should  be  (nM«d  in  its  descent  by  a  strong  frame,  which 
may  be  supported  by  piles.  Otherwise  it  will  he  apt  to  tilt,  and  thus  give  great  trouble  to  settle  It 
upon  its  exact  place.    Have  been  sank  in  deep  water  by  divers  undermining  inside. 

The  plenum  process  as  applied  at  the  South  St  bridge.  Philada, 

by  Mr.  John  W  .Murphy,  contracting  engineer,  diners  materially  from  that  described  sieve ;  and 
moreover  deserves  notice  on  account  of  the  great  simplicity  and  eflSeaoy  of  his  plant.  This  consisted 
partly  of  two  oanal  boats,  decked,  each  100  ft  long,  by  17$$  ft  wide,  and  8  ft  depth  of  hold.  They 
were  anchored  parallel  to  each  other,  15  ft  apart.  Supported  by  the  boats,  and  over  the  space  between 
them,  was  a  strong  four-legged  shears  about  50  ft  high ;  at  the  top  of  which  was  attaobed  tackle  for 
handling  the  feast  iron  cylinders.  In  the  hold  of  one  of  the  boats  was  a  Bnrleljrfll 
Compressor  having  two  pistons  of  10  ins  diam,  and  9  ins  stroke;  together  with 
its  boiler.  On  the  deck  of  the  same  boat  stood  a  vertical  fhlr-tMUttt  or  refjrtjlntor, 
•22  ft  long,  by  2  H  diam.  made  of  quarter  inch  boiler  Iron.  This  served  to  maintain  s  supply  •room 
pressed  air  in  the  submerged  eylinder  in  ease  of  an  accidental  stopping  of  the  compressor ;  whleh 
otherwise  would  •probably  be  fatal  to  the  laborers  In  the  cylinder.  The  oondenssd  air  flowed  frees 
this  air- tank  to  the  air-look1  of  the  eylinder  through  s  hose  4  Ins  diam,  made  of  gum 
vas,  and  so  long,' and  so  placed,  as  to  extend  itself  as  the  cylinder  went  down,  thus  i 
eommunioatlon-at  all  times.  Entirely  across  both  boats,  sad  across  the  Interval  hwwaaai  these,  ex  ■ 
tended  two  heavy  wooden  elttuipg,  each  8  ft  wide  by  18  ins  liigh ;  each  eosnuoted 
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of  three  pfeoaa  of  13  X  18  Ineh  Umber  strongly  bolted  together.  At  the  centers  of  these  etampt  the 
two  inner  vertical  sides  whioh  (teed  each  other  were  hollowed  oat  to  the  depth  of  a  foot  bj  conoavi- 
ties  corresponding  to  the  curve  of  the  cylinders.  The  distance  apart  of  the  clamps  was  regulated  bj 
two  strong  iron  rods,  having  screws  and  nuts  at  their  ends  for  that  purpose.  Thus  when  a  seetion 
of  a  cylinder  was  hoisted  by  means  of  the  shears  into  its  position  over  the  space  between  the  two 
boats,  the  two  oonoavities  of  the  damps  were  brought  into  oontaet  with  it,  and  the  nuts  being  then 
screwed  up,  the  cylinder  was  firmly  held  in  place  by  the  clamps.  The  shears  could  then  be  used  to 
raise  another  section  of  the  cylinder  to  its  place  upon  the  first  one,  that  the  two  might  be  bolted  to- 
gether.  By  repeating  this  process  the  height  of  the  cylinder  would  soon  become  too  great  to  allow 
the  shears  to  place  another  section  upon  it ;  in  which  case  the  nuts  of  tbe  screws  were  slightly 
loosened,  and  tbe  oylinder  was  allowed  to  slip  down  slowly  into  the  water  until  its  top  was  but  a 
little  above  the  surface.  The  screws  were  then  again  tightened,  and  the  cylinder  again  held  fast 
until  other  sections  were  added  and  bolted  to  it.  When  there  was  danger  that  the  upward  pressure 
of  the  condensed  air  might  lift  a  oylinder,  the  clamps  were  raised  by  the  shears  dear  of  tbe  boats; 
then  tightened  to  the  cylinder,  and  a  platform  of  planks  laid  upon  them,  and  loaded  with  stone. 

The  alk>loek  was  so  arranged  as  not  to  require  to  be  removed  when  a  new  sec- 
tion was  to  be  bolted  on.  This  was  effected  as  follows.  Sections  of  the  cylinder  were  bolted  together 
in  (he  manner  just  described,  until  its  foot  rested  on  the  bottom,  with  its  top  a  few  feet  above  high 
water.  A  heavy  cast  iron  diaphrafrm  X%  inches  thick,  to  form  the  floor  of  the 
air-lock,  was  then  placed  ton  top.  Then  was  added  another  10  ft  high  section  of  the  cylinder,  to  form 
tbe  chamber  of  the  air-look.  These  were  bolted  together;  and  then  another  diaphragm  was  added 
at  top  to  form  the  roof  of  the  air-lock.  These  diaphragms  were  furnished  with  openings,  and  with 
doors  and  valves  corresponding  with  those  shown  in  Fig  17.  and  remained  permanently  in  the 

cylinders  when  the  work  was  finished.  If  the  depth  of  soil  to  be  passed  through  before  reaching 
rock  is  so  great  as  to  require  other  sections  of  cylinder  to  be  bolted  on  above  the  top  of  the  air- lock, 
this  may  be  done  to  any  extent,  inasmuoh  as  it  is  immaterial  whether  tbe  air-look  is  under  water  or 

not.  To  keep  the  cylinder  both  air-  and  water-tight  the  faces  of 
the  flanges  before  being  bolted  together  were  smeared  with  a  mixture  of  red  and  white  lead  and  oe*> 
ton  fiber. 

At  the  Sonth  St  bridge  the  cylinders  were  4,  6,  and  8  ft  diam ;  In  lengths 
or  sections  10 it  long.  They  were  all  \%  Inch  thick.  Inside  flanges  2Jf  ins  wide,  1%  thick,  with  bolt* 
holes  lyt  ineh  diam.  by  5  ins  apart  from  center  to  oenter.  The  bottom  edge  has  no  flange.  A  10  ft 
seetion  of  an  8  ft  cylinder  weighs  14600  lbs ;  of  a  6  ft  one,  10800 ;  of  a  4  ft  one,  6800.    An  8  ft  dia* 

Ebragm,  2800  lbs ;  6  ft,  1000;  4  ft,  783.  The  rook  under  the  soil  was  quite  uneven  in  places ;  but  was 
welled  off  as  the  cylinders  went  down.  These  were  then  bolted  to  it  by  east  iron  brackets. 
The  work  went  on,  day  and  night,  summer  and  winter:  with  no  inter- 
ruption from  the  tides,  floods,  or  floating  loe;  and  the  thirteen  eolnmns  were  sunk,  filled  with  eon* 
arete,  and  completed  in  II  months ;  much  of  wbieh  was  consumed  in  levelling  off  the  rook,  and  bolt* 
tog  the  brackets.    The  want  of  guides  caused  much  tilting,  trouble,  and  delay. 

Bias  and  fall  of  tide  about  7  ft.  Greatest  depth  of  soil,  gravel,  sm.  passed  through,  30  ft :  least,  6 
ft.  Depth  of  water  about  25  ft.  The  work  was  under  oharge  of  John  Anderson,  a  very  skillful  and 
energetic  superintendent  of  such  matters.  The  entire  neat  east  of  the  cylin- 
ders in  plaoe,  and  filled  with  hydraulic  concrete,  was  approximately  S92  per  foot  or  total  length 
for  the  8  ft  ones ;  £44  for  the  6  ft ;  and  §40  for  tbe  4  ft  diams.  There  were  three  gangs  of  workmen ; 
and  each  gang  worked  4  hours  at  a  time.  See  a  full  and  very  instructive  description  with  engrav- 
ings, by  D.  M.  Scanner,  Superintending  Engineer  for  the  etty,  in  the  Journal  ef  tbe  Franklin  Inst, 
Vov„  187?.  From  it  the  above  lew  items  are  taken.  Mr.  Anderson's  firm  (Anderson  *  Barr,  Tribune 
Building,  N.  Y.)  have  dace  aoeoeesfully  sunk  a  number  of  such  cylinders,  including  (1884-*)  four  of 
wrought*iron,  8  ft  diam,  66  ft  long,  at  an  angle  of  45°  with  the  her.  Intended  as  strum  to  prevent  the 
movement  of  one  of  the  abut  piers  of  Chestnut  St  bridge,  Pbila. 

Cast  iron  cylinders  have  eraeked  tliroaffh, around  their  entire  circum- 
ference, in  many  parte  of  the  U.  S.  in  very  cold  weather;  owing  to  the  diff  of  contraction  of  the 
Iron,  and  of  the  concrete  filling.    Ignorant  nee  of  them  may  be  attended  by  great  danger. 


The  shaded  part  of  Fig  18  shows  a  transverse  section  of  the  eaifibson  of  jrel  low* 
pine  timber  and  cement,  for  the  Brooklyn  tower  of  East  Blver  (N  Y) 

suspension  bridge,  of  1600  ft  clear  span.  It  is  168  ft  long  at  bottom,  and  10*2  ft  wide. 
A  longitudinal  section  resembles  the  transverse  one,  except  in  being  longer,  and  in 
showing  more  shafts  J.  Of  these  there  are  6,  arranged  in  pairs,  for  expedition  and  as 
a  precaution  against  accident.  Namely,  two  water-shafts  J,  each  7  ft  by  6%  ft  across, 
for  removing  by  buckets  and  hoisting  apparatus,  the  material  excavated  beneath  the 

caisson;  together  with  such 
water  as  may  accumulate  at 
o  o;  two  air-shafts  of  21  ins 
diam,  through  which  air  is 
forced  from  above,  to  expel 
the  water  from  the  chamber 
C  S  8  D  below  the  caisson,  so 
as  to  allow  the  laborers  to 
work  there  at  undermining ; 
the  expelled  water  escaping 
under  the  foot  C  D  of  the  cais- 
son, into  the  river ;  and  two 
supply  shafts  of  42  ins  diam, 
for  admitting  laborers,  tools, 
Ac.  The  several  shafts  of  course  have  air-chambers  on  top,  on  the  same  principle  as 
Fig  17,  to  prevent  the  escape  of  the  compressed  air  in  *  «. 
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Tbe  ■bafts  in  of  H  inch  bofler  iron.  Tbe  fbot  0  D,  nine  timbers  high.  Is  continuous,  extending 
entirely  around  tbe  caisson ;  its  bottom  ii  shod  with  east  iron :  Its  four  corners  are  strengthened  by 
wooden  kuees  'JO  ft  long. 

Prom  the  bottom,  op  to  the  line  N,  N,  14  ft.  tbe  caisson  is  built  of  hortsoutal  layers  of  timbers  one 
foot  square;  the  layers  orosstng  each  other  at  right  angles ;  and  tbe  timbers  of  each  layer  touching 
each  other  well  forced  and  bolted  together;  and  all*  tbe  joints  filled  with  pitch.  To  aid  in  preventing 
leakage,  the  nuts  and  beads  of  the  screws  have  India-rubber  washers ;  also  all  outside  seams,  a*  well 
as  ail  tbe  seams  of  the  layer  of  timbers  N,  N,  are  thoroughly  calked;  and  a  layer  of  tin,  enclowd 
between  two  layers  of  felt,  Is  placed  outside  of  each  outer  joint;  and  over  tbe  entire  top  of  tbe  layer 
next  below  N,  N. 

When  tbe  oalsaon  was  built  up  to  N,  N.  on  land,  it  was  launched,  floated  into  position,  and  anchored ; 
after  which  were  added  for  sitiktug  tt.  fifteen  courses  of  timbers  one  ft  square ;  and  laid  one  ft  apart 
to  the  elear ;  with  tbe  intervals  filled  with  concrete.  The  top  course  A  B  is  of  solid  timber,  to  scire 
as  a  floor  for  supporting  machinery,  6o.  It  was  sank  some  feet  below  the  very  bottom  of  the 
river,  in  order  to  avoid  the  teredo. 

Cribs  are  sunk  outside  of  tbe  caisson,  to  form  temporary  wharves  for  boats  carrying  away  excavated 
material ;  and  for  vessels  bringing  stone,  dec. 

When  the  caisson  was  sunk,  and  the  water  forced  out  from  the  chamber  or  space  CSS  D.  workmen 
began  to  excavate  uniformly  the  enclosed  area  of  river  bottom,  so  as  to  allow  the  caisson  to  descend 
slowly  until  it  reached  a  firm  substratum.  The  space  C  S  S  D,  as  well  as  tbe  shafts,  was  then  filled  «* 
■olid  with  oonorete  masonry.  A  coffer-dam  was  built  on  top  of  tbe  caisson  ;  and  in  it  tbe  regular 
masonry  of  the  tower  was  started.  Tbe  total  height  of  this  tower  including  the  caisson,  ia  aboat  MO 
ft.    For  full  details  see  report,  1873,  of  W.  A.  Boebling  the  chief  engineer. 

Hollow  cylinders,  or  other  forms  of  brickwork  or  ma- 
sonry, with  a  strong  curb  or  open  riug  of  timber  or  iron  beneath  them,  may  be 
fradually  sunk  by  undermining  and  excavating  from  the  inside ;  and  form  very  stable  foundations, 
fader  water  this  may  be  done  by  properly  shaped  scoops,  with  or  without  the  aid  or  the  diving-ben, 
according  'to  the  depth,  *o.  On  land  it  will  often  be  the  most  economical  and  satisfactory  mode, 
especially  in  firm  soils.  The  desoeut  may  be  assisted  by  loading  them,  if,  as  sometimes  happens,  the 
frtotion  of  their  sides  against  the  earth  outside  prevents  their  sinking  My  theirowa  weighs.  A  brick 
cylinder,  46  ft  outer  diam,  walls  3  ft  thick,  has  oeen  sunk  40  ft  in  dry  sand  and  gravel,  without  any 
difficulty.  It  was  built  18  ft  high,  (on  a  wooden  curb  21  ins  thick,)  and  weighed  300  tons  before  the 
sinking  was  begun.  The  interior  earth  was  excavated  slowly,  so  that  the  sinking  was  about  1  ft  per 
day ;  the  walls  being  built  up  as  it  sank.       Tunnel  shafts  are  at  times  so  sunk. 

On  the  Rhine  for  a  coal  shaft,  a  brick  cylinder  2oV£  feet  diam  was  first  thus 
■nnk  by  its  own  weight  78  ft  through  sand  add  gravel ;  then  an  interwr  one,  16  ft  diam,  vat  sank  hi 
the  same  way  to  tbe  depth  of  '156  ft  below  the  surface:  of  which  depth  ail  the  180  a  below  the  first 
cylinder  was  a  running  quicksand.  At  266  ft  Motion  rendered  tbe  cylinder  immovable.  The  quick- 
sand  was  removed  by  boring ;  no  pumping  was  done ;  but  the  water  was  permitted  to  keep  the  cyl  full. 

The  entire  foundation  for  a  large  pier  of  masonry  has  been  sunk  in  this  manner,  in  a  single  mass ; 
a  suffloient  number  of  vertical  openings  being  left  In  It  for  the  workmen  to  descend,  or  for  tools  to  be 
inserted  for  undermining.  This  ia  general ly  a  very  slow  and  tedious  operation,  especially  ander 
water.  It  may  often  be  expedited  by  diving-bells  or  by  diving-dresses.  It  will  generally  be  better  to 
make  the  mass  wider  at  bottom  than  above  it,  so  as  to  diminish  friction  against  the  outside  earth. 
On  land,  water  may  at  times  be  used  for  softening  the  bottom  earth.  By  keening  the  interior  of  such 
hollow  masonry  dry,  it  may  even  be  built  downward  from  the  surface ;  by  undermining  only  a  nor* 
tion  of  its  circumference  at  a  time,  filling  said  portion  with  masonry,  and  then  removing  and  filling 
the  other  portion ;  and  so  on  in  successive  stages  of  2  or  3  ft  downward  at  a  time.  This  mode  may  be 
adopted  also  when  friction  has  stopped  the  sinking  of  a  mass  by  its  own  weight  when  undermined. 

The  sand  pump  as  used  at  the  St  Louis  bridge  will  often  be  of  service  in  rais- 
ing sand  from  cylinders  while  being  sunk  in  water.  With  a  pump  pipe  of  3.5  ins  bore,  and  a  water 
jet  under  a  pressure  of  150  lbs  per  sq  inch,  20  cub  yds  of  sand  per  hour  were  raised  125  feet.  A  jet  of 
air  has  also  been  successfully  need  in  the  same  way,  as  at  the  Bast  River,  N  T,  suspension  bridge,  fte. 

Faselne*.  On  marshy  or  wet  quicksand  bottoms,  foundations  may  be  laid  by 
first  depositing  large  areas  of  layers  of  fascines,  or  stout  twigs  and  small  branches, 
strongly  tied  together  in  bandies  from  6  to  12  ft  long,  and  from  6  ins  to  2  ft  in  dJam. 

The  layers  or  strata  of  bundles  should  cross  each  other.  A  klud  of  floating  raft  or  large  mattress 
la  first  made  of  these,  and  then  sunk  to  the  bottom  by  being  loaded  with  earth,  gravel,  stones,  fte. 
In  this  mauner  the  abutments  and  piers  of  the  great  suspension  bridge  at  Kieff,  in  Russia,  with  spaas 
of  440  ft.  were  founded  in  1852.  on  a  shifting  quioksand.  There  the  faseiae  mattresses  extend  100  ft 
beyond  the  bases  of  the  masonry  which  rests  upon  them. 

Fascines  may  be  used  in  the  name  way  for  sustaining  railway  embankments,  6e,  over  marshy 
ground,  but  they  will  settle  considerably. 

Sand -pile*.  We  have  already  alluded  to  the  use  of  sand  well  rammed  in  layers 
into  trenches  or  foundation  pits;  but  it  may  also  be  used  in  soft  soils,  in  the  shape 
of  piles.  A  short  stout  wooden  pile  is  first  driven  6  to  10  feet  or  more,  according  to 
the  case.  It  is  then  drawn  out,  and  the  hole  is  filled  with  wet  sand  wellrammed. 
The  pile  is  then  again  driven  in  another  place,  and  the  process  repeated.  The  inter- 
vals may  be  from  t  to  3  ft  in  the  clear.  Platforms  may  be  used  on  these  piles  as  on 
wooden  ones.  If  the  sand  is  not  put  in  wet,  it  will  be  in  danger  of  afterward  sink- 
ing from  rain  or  spring  water.  In  this  case,  as  witfr  fascines,  It  Is  well  to  test  the 
foundation  by  means  of  trial  loads.  Some  settlement  must  inevitably  take  place 
until  all  the  parts  come  to  a  full  bearing ;  but  It  will  be  comparatively  trifling.  The 
same  occurs  in  every  large  work  to  some  extent ;  as  in  a  roof  or  arch  of  great  8|»an, 
whether  of  wood,  iron,  or  masonry ;  so  also  with  all  tall  piers,  walls,  Ac,  Ac.  Sandy 
foundations  under  water  should  be  surrounded  by  stout  well-driven  sheet- piling,  to 
prevent  the  enclosed  sand  from  running  out  in  case  the  outer  sand  is  washed  away; 
and  should  also  be  defended  by  a  deposit  of  random-stone.     See  Sand-pile*,  p  028. 
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On  bad  bottoms  under  water,  small  artificial  Islands  of  good  soil  have 

been  deposited;  and  the  masonry  founded  upon  them.  Canal  locks  and  other  structures  may  at 
times  be  advantageously  founded  in  this  way  in  marshy  soils.  If  necessary,  a  depth  of  several  feet 
of  the  bad  soil  may  be  dredged  out  before  the  firmer  soil  is  deposited ;  and  the  latter  may  be  weighted 
by  a  trial  load  to  test  its  stability. 

Tbe  mode  of  layiug  a  foundation  under  water,  by  building  the  masonry  upon  a  timber  platform 
above  water,  upheld  by  strong  screws,  and  lowered  into  the  water  as  the  work 
Is  finished  in  tbe  open  air.  a  course  or  two  at  a  time,  has  of  late  been  much  employed  with  entire 
sttoeeas,  in  large  bridge-piers  in  deep  water.  It  however  is  not  new.  It  was  suggested  more  than 
100  years  ago  by  Belidor. 

Piles  are  driven  6  to  10  ft  apart  around  the  space  to  be  occupied  by  the  pier ;  having  their  tops  con- 
nected by  heavy  timber  cap- pieces.  These  last  uphold  the  screws,  which  work  through  them.  The 
whole  is  braeed  against  lateral  motion. 

A  clump  of  piles  well  DRIVEN;  and  then  enclosed  by  an  iron  cylinder  sunk  to  a 
firm  bearing,  and  filled  with  concrete,  is  an  excellent  foundation.  The  piles  may 
extend  to  the  top  of  the  cylinder,  and  thus  be  enclosed  in  the  conorete.  Such  au 
arrangement  has  been  patented  by  S.  B.  Cushing,  C.  E.,  Providence,  R.  I.  The  cyl- 
inder and  concrete  serve  to  protect  the  piles  from  sea-worms,  and  from  decay  above 
low  water ;  and  are  not  intended  to  support  the  load  above  them. 

Cost  of  a  diving  outfit,  with  two  dresses,  air-pump  and  tubes,  about  $750, 
or  $600  with  cheaper  pump.    Alfred  Hale  &  Go,  30  School  St,  Boston,  Mass. 
Two  men  can  work  the  air-pump  to  50  ft  depth. 


STONEWORK. 


Where  work  is  done  on  a  large  scale,  blasting  can  sometimes  be  done  at  from  10 
to  20  per  cent  less  cost  per  cubic  yard  by  means  of  machine  drills  and 
dynamite,  than  by  hand  drills  and  gunpowder.  Ordinarily,  how- 
ever, the  cost  Is  about  the  same,  and  the  advantage  of  the  newer 
methods  consists  rather  in  economy  of  time,  convenience,  and  having  the  work  more 
entirely  under  control.  In  ordinary  railroad  work  in  average  hardrock,  and  when 
common  labor  costs  $1  per  day  of  ten  hours,  the  cost  per  cubic  yard,  for  loosening, 
will  ordinarily  range  between  90  and  60  cts,  including  tools,  drilling,  powder,  Ac; 
average  45  cts. 

Holes  lor  blasting,  drilled  by  hand,  are  generally  from  2%  to  4  ft 
deep;  and  from  \x/%  to  2  ins  diani.  Churn-drilling  is  much  more  expeditious 
and  economical  than  that  by  jumping,  mentioned  below.  The  churn-drill  is  merely 
a  round  iron  bar,  usually  about  \%  ins  diam,  and  6  to  8  ft  long;  with  a  steel  cutting 
edge,  or  bit,  (weighing  about  a  lb,  and  a  little  wider  than  the  diam  of  the  bar,)  welded 
to  its  lower  end.  A  man  lifts  it  a  few  inches ;  or  rather  catches  it  as  it  rebounds, 
turns  it  partially  around ;  and  lets  it  fall  again.  By  this  means  he  drills  from  5  to 
15  feet  of  hole,  nearly  2  ins  diam,  in  a  day  of  10  working  hours,  depending  on  the 
character  of  the  rock.  From  7  to  8  ft  of  holes  1%  ins  diam,  is  about  a  fair  day's 
work  in  hard  gneiss,  granite,  or  compact  siliceous  limestone ;  6  to  7  ft  in  tough  com- 
pact hornblende ;  3  to  6  in  solid  quartz ;  8  to  9  in  ordinary  marble  or  limestone ;  9  to 
10  in  sandstone;  which,  however,  may  vary  within  all  these  limits.  When  the  hols 
is  more  than  about  4  ft  deep,  two  men  are  put  to  the  drill.  Artesian,  and  oil  wells, 
in  rock,  are  bored  on  the  principle  of  the  churn-drill.    See  also  diamond  drill,  p  652. 

The  jumper,  as  now  used,  Is  much  shorter  than  the  churn-drill.  One  mnn  (the  holder)  sitting 
down,  lifts  it  slightly,  and  turns  it  partly  around,  during  the  iuterval*  between  the  blows  from  about 
8  to  12  lb  hammers,  wielded  by  two  other  laborers,  the  ttrihtn.  It  can  be  used  for  holes  of  smaller 
diameters  than  can  be  made  by  the  churn-drill ;  because  the  holder  can  more  readily  keep  tbe  cutting 
end  at  the  exact  spot  required  to  be  drilled.  It  is  also  better  in  conglomerate  rock ;  the  hard  siliceous 
pebbles  of  which  deflect  the  churn-drill  from  its  vertical  direction,  so  that  the  hole  becomes  crooked, 
and  tbe  tool  becomes  bound  in  it.  The  coal  conglomerates  are  by  no  means  hard  to  drill  with  a 
jumper.  The  jumper  was  formerly  used  for  large  deep  holes  also,  before  the  superiority  of  the  churn- 
drill  became  established. 

Either  tool  requires  reaturpenlng  at  about  each  6  to  18  Inches  depth  of  bole ;  and  the  wear  of  the 
steel  edge  requires  a  new  one  to  be  put  on  every  2  to  4  days.  With  iron  jumpers,  the  top  also  be- 
comes battered  away  rapidly.  As  the  hole  becomes  deeper,  longer  drills  are  frequently  used  than  at 
the  beginning.  The  smaller  the  diameter  of  the  bole,  tbe  greater  depth  can  be  drilled  In  a  given 
time ;  and  the  depth  will  be  greater  in  proportion  than  tbe  decrease  of  diam.  Under  similar  oircum- 
stanoes.  three  laborers  with  a  jumper  will  about  average  as  much  depth  as  one  with  a  churn-drill. 

The  hand-drill,  in  which  tbe  same  man  uses  both  the  hammer  and  the  short  drill,  is  chiefly  used 
for  shallow  holes  of  small  diam.  With  it  a  fair  workman  will  drill  about  s«  many  feet  of  hole  from 
ft  to  1*  ins  deep,  and  about  H  inoh  diam,  as  one  with  a  churn-drill  can  do  in  holes  about  S  ft  deep,  and 
2  ins  diam,  in  the  same  time.  Only  the  jumper  or  the  hand-drill  can  be  used  for  boring  holes  whloh 
are  horisontal,  or  mneb  inclined. 
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Art.  1.    Machine  Rock-drills  bore  much  more  rapidly  than  hand  drills; 

and  more  economically,  provided  the  work  is  so  great  as  to  justify  the  preliminary 
outfit.  They  drill  in  any  direction,  and  can  often  be  used  in  boring  holes  so  located 
that  they  could  not  be  bored  by  hand.  They  are  worked  either  by  steam  directly; 
or  by  air,  compressed  by  steam  or  water  power  into  a  tank  called  a  "  receiver,"  and 
thence  led  to  the  drills  through  iron  pipes.  The  air  is  best  for  tunnels  and  shafts, 
because,  after  leaving  the  drills,  it  aids  ventilation. 

Art.  2.  Such  drills  are  of  two  kinds:  rotating  drills  and 
percussion  drills.  In  the  former,  the  drill-rod  is  a  long  tube,  revolving  about 
its  axis.  The  end  of  this  tube,  hardened  so  as  to  form  an  annular  cutting-edge,  is 
kept  in  contact  with  the  rock,  and,  by  its  rotation,  cuts  in  it  a  cylindrical  hole,  gen- 
erally with  a  solid  core  in  the  center.  The  core  occupies  the  core-barrel.  Art  8. 
The  drill-rod  is  fed  forward,  or  into  the  hole,  as  the  drilling  proceeds.  The  debris 
is  removed  from  the  hole  by  a  constant  stream  of  water,  which  is  led  to  the  bottom 
of  the  hole  through  the  hollow  drill-rod,  and  which  carries  the  debris  up  through 
the  narrow  space  between  the  outside  of  the  drill-rod  and  the  sides  of  the  hole. 

In  percussion  drills,  the  drill-rod  is  solid,  and  its  action  is  that  of  the 
churn  drill,  p  651. 

Art.  3.  In  the  Brandt  (European)  rotary  drill,  the  cutting- edge  at  the 
end  of  the  tubular  drill-rod  is  armed  with  hardened  steel  teeth.  It  is  pressed  against 
the  rock  under  enormous  hydraulic  pressure,  and  makes  but  from  5  to  8  revolutions 
per  minute. 

Art.  4.  The  Diamond  drill  is  the  only  form  of  rotary  rock-drill  exten- 
sively used  in  America.  In  it,  the  boring-rod  consists  of  a  number  of  tubes  jointed 
rigidly  together  at  their  ends  by  hollow  interior  sleeves. 

Art.  5.  The  ooring-bit.  Fig  1,  is  called  a  "core-bit."  Its  cutting-edge 
has  imbedded  in  it  a  number  of  diamonds  as  shown.  These  are  so  arranged  as 
to  project  slightly  from  both  its  inner  and  outer  edges.  Annular  spaces  are  thus 
left  between  core  and  core-barrel,  and  between  the  latter  and  the  walls  of  the  hole. 
These  spaces  permit  the  ingress  and  egress  of  the  water  used  in  removing  the  debris 
from  the  hole,  and,  at  the  same  time,  prevent  the  core  from  binding  in  the  barrel,  or 
the  latter  in  the  hole. 

Fig.  1  tFig,  2 
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Art.  6.  Just  above  the  "core-bit,"  the  "core-lifter,"  Fig  2,  is  screwed  to 
the  barrel.  This  is  a  tube  about  8  ins  long  and  of  the  same  outer  diam  as  the 
barrel.  Inside  it  is  slightly  coned,  with  the  base  of  the  cone  upward,  and  fur* 
n i shed  with  a  loose  split-ring,  B,  toothed  inside,  and  similarly  coned.  While  the 
drilling  is  going  on,  this  ring  encircles  the  core  closely,  and  remains  loose  from  the 
outer  cylinder;  but  when  the  drilling  is  stopped,  and  the  drill  rod  begins  to  be 
raised,  the  ring  is  caught  ana"  raised  by  the  outer  cylinder;  and,  by  reason  or  its 
beveled  shape,  is  pressed  hard  against  the  core  of  rock,  which  is  pulled  apart  close 
to  its  foot  by  the  power  which  lifts  the  drill-rod. 

Art.  7.  This  power  is  supplied  by  a  rope-drum,  fastened  to  the  top  of  the 
frame  which  supports  the  drill  and  worked  by  the  same  engine  which  rotates  the 
drill-rod.  The  rope  from  the  dnim  passes  up  to  a  pulley  at  the  top  of  a  derrick* 
and  thence  down  to  the  upper  end  of  the  drill-rod.  The  considerable  height  of  the 
derrick  enables  from  40  to  50  feet  of  the  drill-rod  to  be  removed  in  one  piece,. 

Art,  8.  Above  the  "  core-lifter  "  Is  the  **  core-barrel."  This  is  a  wronght- 
iron  tube  from  8  to  16  ft  long.  It  is  spirally 

grooved  outside,  to  permit  the  ascent  of  the  water  and  debris  from  the  hole;  and  is 
sometimes  set  with  diamonds  on  its  outer  surface,  to  prevent  wear.  The  bit,  lifter, 
and  barrel  are  of  uniform  outer  diam,  a  little  loss  than  the  diam  of  the  hole.  The 
outer  diam  of  the  drill-rod  varies  from  about  \%  ins  for  2-inch  barrel  to  5U  ins  for  \% 
inch  barrel. 
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Art.  9.  Where  it  is  not  desired  to  preserve  the  core  Intact,  a  "boring* 
he  Ad,"  Fig  3,  may  be  used  instead  of  the  "core-bit,"  Fig  1.  This  is  a  solid  bit 
(except  that  it  is  perforated  with  holes  which  allow  the  water  to  pass  out  from 
the  drill-rod),  and  is  armed  with  diamonds,  some  of  which  project  beyond  its  circum- 
ference. 

Art*  10.  The  drill-rod  revolves  at  a  speed  of  from  200  to  400  revolutions 
per  minute.  The  engine,  by  which  it  is  rotated,  consists  usually  of  two  cylin- 
ders, either  fixed  or  oscillating,  operated  by  steam  or  compressed  air,  and  working 
at  right  angles  to  each  other.  By  means  of  cranks  they  turn  a  shaft,  which  com- 
municates its  motion,  through  bevel  gearing,  to  the  drill- rod.  The  latter  is  feet 
down,  as  the  hole  progresses,  either  by  other  bevel  gearing  driven  by  the 
same  engine ;  or  by  being  attached  to  a  cross-head  which  connects  the  piston  rods  of 
2  hydraulic  cylinders,  the  piston  rods  being  parallel  with  the  drill  rod. 

Art.  11.  The  diamond  drill  bores  perfectly  circular  holes,  in  straight 
lines  and  In  any  direction,  to  great  depths;  from  300  to  1500  feet 
being  not  uncommon.  This,  with  the  fact  that  It  brings  up  unbroken 
cores,  from  8  to  16  ft  long,  which  show  the  precise  nature  and  stratification  of  the 
rock  penetrated,  renders  it  very  valuable  in  test-boring,  prospecting  of  mines,  Ac. 
They  are  also  furnished  of  sufficient  siee  to  bore  holes  from  6  to  15  ins  diam,  for 
artesian  wells.  The  roundness  of  the  holes  bored  enables  the  use  of  casing  of 
nearly  as  great  diam  as  that  of  the  hole ;  and  their  straightness  is  advantageous  in 
case  a  pump  has  to  be  used. 

Art.  1&.  In  soft  rock  a  bit  may  drill  through'  200  ft  or  more  without  resetting. 
On  the  other  hand,  in  very  hard  rocks,  similar  drills  will  wear  out  in  10  ft  or  less. 
In  1883-4.  a  diamond  drill  by  the  Am'n  Diamond  Rock  Boring  Go,  weighing  com- 
plete about  1400  fibs,  and  costing  about  $2800,  bored,  in  1428  hours  of  actual  boring, 
53  holes  of  2  ins  diam,  and  aggregating  9141  lineal  ft.  Average  length  of  hole  172.5 
ft.  Average  rate,  6.4  lin  ft  per  hour ;  greatest,  12.8.  Average  total  cost, 
about  96  cts  per  Hn  ft.  The  rock  was  principally  limestone,  with  some  quarts  and 
sandstone.  The  holes  were  bored  at  angles  varying  from  0°  to  45°  with  the  vertical. 

As  a  rough  average  we  may  ray  that  in  ordinary  rocks,  as  granite,  lime- 
stone, and  hard  sandstone,  these  drills  will  bore  deep  holes,  2  to  3  ins  diam,  at  from 
1  to  2  ft  per  hour,  and  at  a  cost  of  from  $1  to  $2  per  ft. 

Art.  IS.  These  drills  are  made  of  many  widely  different  sixes,  and  with 
different  mountings,  depending  upon  the  nature  of  the  work  to  be  done. 

They  are  made  by  the  Penna  Diamond  Drill  Co,  Pottsville,  Pa;  American 
Diamond  Rock-Boring  Co,  office  15  Cortlaudt  St,  New  York ;  M.  C.  Bullock  Mfg  Co, 
Chicago,  111,  and  others.  These  companies  usually  contract  to  do  the  drilling  them- 
selves. They  also  sell  the  machines,  generally  under  restrictions  as  to  the  location 
and  extent  of  the  territory  in  which  they  an  to  be  used.  The  prices  depend, 
to  a  great  extent,  upon  the  nature  of  these  restrictions  The  card  prices  for  some 
of  the  leading  sizes,  are  as  follows:  (Discount,  1888,  about  25  per  cent) 


Diam 
of  hole. 

Greatent 

length  of 

hole. 

Weight 

of 
machine. 

Card  price, 

1888. 

Ins. 

2 
2 
4 

ft. 

250 

500 

2000 

2000 

lbs. 

400 
1000 
3500 
6200 

• 

1500 
2000 
4000 
6000 

Art.  14.  In  percussion  drilling:  machines,  the  drill-bar  is  driven 
forcibly  against  the  rock  by  the  pressure  of  steam  or  of  compressed 

air,  acting  upon  a  piston,  P,  Fig  4,  moving  in  a  cylinder,  CC,  Figs  4  and  5;  and 
makes  about  300  strokes  per  minute.  The  rotation  of  the  drill-bar  is  accomplished 
automatically,  as  explained  in  Art  27. 

Art.  15.  The  cylinder.  C  C,  is  free  to  slide  longitudinally  in  the  fixed 
frame  or  shell,  S  S,  Fig  5,  to  which  it  is  attached,  and  which,  in  turn,  is  fixed  to  the 
tripod  or  other  stand  (see  Arts  18  and  19)  upon  which  the  machine  is  supported. 

Art.  16.  The  drill-rod,  R,  corresponding  to  the  churn  drill,  p  651,  is 
fastened,  by  an  appropriate  chuck,  K.  to  the  end  of  the  piston-rod,  0.  The  drilling 
is  begun  with  a  short  drill-rod,  and  with  the  cylinder  as  far  from  the  hole  as  the 
length  of  the  shell,  S,  will  permit.  As  the  bit  penetrates  the  rock,  the  cylinder  is 
fed  forward,*  either  automatically  or  by  hand  (see  Art  28),  as  far  as  the  length  of 

*  Rv  forward*  or  downward*  we  mean  toward  the  hole  which  is  being  drilled.    By 
WftriU  or  ■pwardt/rom  (he  hole. 
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the  shall  permits.  The  drilling  is  then  stopped,  by  shutting  off  the  steam,*  and  the 
cylinder  is  run  back,  by  reversing  the  motion  of  the-feediug  apparatus.  The  short 
drilUbar  is  then  removed,  and,  if  the  drilling  is  to  be  continued,  a  longer  one  is  sub- 
stituted in  its  place,  and  the  process  repeated. 

Art.  17.  Inasmuch  as  the  act  of  drilling  wears  the  edges  of  the  bit,  thus  reduc- 
ing its  diam  somewhat,  the  hole  will  of  course  he  tapering,  or  of 
slightly  less  diam  at  bottom  thau  at  top.  The  second  bit  must  therefore  be  of 
slightly  less  diam  than  the  first;  say  from  fato%  inch  less;  the  third  must  be  less 
than  the  second,  and  so  on.  On  the  other  hand,  iu  loug  holes,  the  drill-bar  will 
seldom  be  in  a  perfectly  straight  Hue,  so  that  the  bit,  instead  of  striking  always  in 
the  same  spot,  will  describe  a  circle,  and  thus  enlarge  the  hole. 

Art.  18.  The  shell,  S,  in  which  the  cylinder  slides,  is  provided  with  an  arrange- 
ment by  which  it  may  be  clamped,  either  to  a  tripod*  as  in  Fig  6,  or  to  a  long 
bar  or  column,  along  which  it  may  slide.  The  column,  if  hor,  may  rest  upon 
two  pairs  of  legs ;  or  it  may  be  braced,  in  any  position,  against  the  opposite  sides  of 
a  narrow  cut,  or  against  the  floor  and  ceiling  of  a  tunnel-heading,  Ac,  in  which  case 
one  of  its  ends  is  provided  with  a  screw  which  is  run  out  so  as  to  cause  the  two  euds 
of  the  col  to  press  firmly  against  the  opposite  rock  walls ;  or  rather  against  woodeu 
blocks  which  are  always  placed  betweeu  each  end  of  the  col  and  the  rock.  In  any 
case,  the  supports  of  the  drill  are  so  jointed  that  it  can  bore  in  any  direction. 

Art.  19.  Frequently  thy  drill  is  damped  to  a  snort  arm,  which,  in 
turn,  is  clamped  to  the  column,  and  projects  at  right  angles  from  it.  The  arm  may 
be  slid  lengthwise  of  the  column,  and  may  be  revolved  around  it,  and  thus  may  be 
placed  in  any  desired  position,  aud  there  clamped.  This  gives  the  drill  a  greater 
range  of  motion,  and  enables  ft  to  bore  holes  over  a  greater  space  than  would  other- 
wise be  possible  without  moving  the  column. 

Art.  20.  In  tunnels,  one  or  more  drills  may  be  mounted  upon  a  drill-ear- 
riage,  travelling  upon  a  railroad  track  ruuning  longitudinally  of  the  tunnel. 
Upon  this  track  the  carriage  is  moved  up  to  the  work,  or  run  back  from  it  when  a 
blast  is  to  be  fired.  The  gauge  of  the  track  may  be  made  wide  enough  to  admit  of 
a  second  track,  of  narrower  gauge,  running  underneath  the  drill-carriage.  Upon 
said  narrower  track  the  cars  are  ruu  which  carry  away  the  debris.  Drill-carriages 
are  less  commonly  used  in  this  country  than  in  Europe. 

Art.  551.  The  pressure  used  in  the  cylinders  of  percussion  drills  is 
usually  from  about  60  to  70  lbs  per  sq  inch.  In  an  hour,  one  will  drill 
a  hole  from  1  to  2  ins  diam,  and  from  3  to  10  ft  deep,  depending  on  the  character  of 
the  rock  and  the  sise  of  the  machine  at  from  10  to  25  CtS  per  lin  ft  with  labor  at 
$1  per  day.  A  hit  requires  sharpening  at  about  every  a  to  4  ft  depth  of 
hole.    One  blacksmith  and  helper  can  sharpen  drills  for  6  or  6  machines. 

Art.  22.  The  hits  are  of  many  different  shapes,  varying  with 
the  nature  of  the  work  to  lie  done.  For  uniform  hard  rock,  the  bit  has  two  cutting* 
edges,  forming  a  cross  with  equal  arms  at  right  angles  to  each  other.  For  seamy 
rock,  the  arms  of  the  cross  are  equal,  but  form  two  acute  and  two  obtuse  angles  with 
each  other,  as  in  the  letter  X.  For  soft  rock,  the  cutting-edge  sometimes  has  the 
shape  of  the  letter  Z. 

Art.  23.  Each  drill  requires  one  man  to  operate  it.  Two  or  three  men 
are  required  for  moving  the  heavier  sizes  from  place  to  place.  One  man  can  attend 
to  a  small  air-compressor  and  its  boiler. 

Art.  24.  Figs  4  and  5  represent  the  **  Eclipse  "  percussion  drill  of  the  Inger- 
soil  Rock-Drill  Co,  No  10  Park  Place",  New  York.  Fig  5  shows  the  drill,  mounted 
(as  is  most  frequently  the  case)  upon  a  tripod.  Fig  4  is  a  longitudinal  section  through 
the  cylinder,  valve-chest,  and  piston. 

Art.  25.  The  cylinder,  C.  is  provided  at  each  end  with  a  rubber  cushion, 
N,  for  deadening  the  blows  of  the  piston,  which,  In  all  percussion  drills,  is  liable,  at 
times,  to  strike  either  cylinder-head.  The  side  of  each  cnshion  nearest  the  piston  is 
protected  by  a  thin  iron  plate.    The  cushions  have  to  be  renewed  from  time  to  time. 

Art.  26.  The  valve,  V,  is  shaped  somewhat  like  a  spool.  The  bolt,  B, 
passes  loosely  through  its  center  and  guides  it.  Steam  is  admitted  from  the  boiler 
to  the  steam-chest,  and  occupies  all  of  the  space  between  the  two  end  flanges  of  the 
valve,  except  t».  It  drives  the  valve  Alternately  from  one  end  of  the  valve-chest  to 
the  other,  and  back,  according  as  one  end  or  the  other  is  relieved  from  opposing 
pressure  by  being  put  into  communication  with  the  exhaust,  E,  by  way  of  the  pas- 
sages, D  D'  and  F  F'.  D  and  D'  communicate  with  the  ends  of  the  stoam-chest 
through  passages  not  shown;  while  F  and  F'  communicate,  through  similar  pas- 
sages/with the  exhaust,  E.  The  piston  has  an  antiular  channel,  L  L',  encircling  it. 
Whatever  the  position  of  the  piston,  one  of  the  passages.  D  or  D',  is  always,  by  means 
of  this  channel,  in  communication  with  its  corresponding  passage,  F  or  F\  leading 

•  To  avoid  repetitions,  we  will  use  tho  woid  steam  to  signify  either  tUam  or  comprtMsed  air, 
whichever  happens  to  be  used. 
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to  the  eibanat  Tbne,  on*  or  the  other  end  of  the  valte-ebeat  la  alwaye  In  coia- 
ainnlcetion  with  11m  npan  nit;  and  to  that  end  flu  valve  ;i  driven  by  theprei  o( 
the  ateum  aurronnding  it,  admitting  ateaui  to  the  cyl,  0,  from  Ibe  other  end. 

Art.  37.  The  roUtlan  mi  the  piston,  nd,  with  it,  that  of  Hit  drill- 
bar,  la  effected  thiu :  The  aiiii-ally -grooved,  caliodricaJ  Hani  bar,  A,  called  a  rifle- 
bar,  |«!«e>i  through  iui.1  wurita  in,  [lie    1)8011  Ell,  II,  wlii.li  ii>  liinili    fin.l   In 

are  bo  arranged  thai,  on  [lis  dnii-Ji  stroke  ol  Lb<s  pidlovj,  tho  rifle  tin:.  IT.  nctiui-  ui:-.u 
the  gtoona  on  the  ride-bar,  iuhi  It,  and,  with  it,  the  ratchet -    '     ■  --  ■ 


turning,  linn  the  bit  la  „,B™i»d  trim,  n.taiitijt 
while  delivering  its  blow.  Hut,  on  the  wji  stroke, 
the  tendency  of  Ihe  rifle-nut  ia  to  tiuii  the  rihe- 
bnr  and  rftfchet-wheel  in  the  nppoaiU  direction  i 
and  aa  thia  la  prevented  by  the  pawle,  the  rtjlt- 
bttr  remain!  stationary,  while  the  piston,  pUiox- 
rod,  and  drill  are  mad?,  to  revolve  about  their 

Art.  as.    The  reed-screw,  M,  is  col. 

tared,  at  ita  unu-r  end,  to  the  fixed  frame,  Q.    It 

jom   ui'iviiij   ImjjsittidiiuilLy 


IB.   Iu'lowere'nd^r^hianut.T.niedtoti.e 
ylinder,  which  last  is  thus  moved  longitudinally 


largo  drlll«  are  frequently  furnished  with  an  automatic  feeding  nrmnire- 
requirea  feeding  forward,  arid  when,  conaequentlv,  the  piatoii  je  running  nearly  to 


656 


MACHINE   ROCK-DRILLS. 


the  forward  limit  of  its  stroke,  the  piston  presses  against  a  cam  projecting  into  the 
eyl  near  the  forward  end,  and  presenting  an  inclined  plaue  to  it.  The  motion  of 
this  cam,  by  means  of  an  exterior  axle,  running  alongside  of  the  cyl  and  furnished 
at  its  top  with  a  dog,  turns  a  ratchet-wheel  Axed  to  the  feed-screw.  When  desired, 
the  automatic  feed  may  be  thrown  out  of  gear,  and  the  feed  moved  by  hand. 

Art.  29.  The  tripod  legs  consist  of  wroaght-iron  tubes,  W  W.  Them  are 
screwed  at  their  upper  ends  into  sockets,  X  X.  At  their  lower  ends,  they  receive 
the  pointed  and  tapering  steel  bars,  T  Y,  about  2  or  3  ft  long.  The  legs  may  be 
lengthened  or  shortened  by  turning  the  set-screws,  Z  Z,  thus  regulating  the  distance 
to  which  the  bars,  Y  Y,  can  enter  the  legs.  The  clamps,  6  6,  have  L-shaped  hooks 
of  Y2  inch  to  1  inch  round  iron  forged  to  them.  On  these  hooks  the  weights, 
d  d,  are  hung,  which  hold  the  machine  down  against  the  upward  reaction  of  its 
blows. 

Art.  30,  The  following  table  gives  the  principal  dimensions  of  these 
drills,  with  the  diams  and  lengths  of  boles  to  which  each  is  adapted. 

For  prices,  apply  to  the  Co  at  the  al»ove  address.  We  give  the  card  prices  for 
1888.  These  may  be  takon  as  giving,  approximately,  the  present  range  of  prices  of 
percussion  drills  of  any  first-class  make.  Size  H  is  used  for  submarine  work,  heavy 
tunneling,  and  deep  rock  cutting.  G  and  F  for  tunneling,  street  grading,  quarrying, 
and  sewer  work.  E,  D,  and  G  for  general  mining  purposes.  B  is  adapted  only  for 
very  light  work.  In  asking  for  estimates  on  drills  and  compressors,  give  the  fullest 
possible  description  (accompanied  by  a  sketch)  of  the  work  to  be  done,  stating  its 
present  and  proposed  extent.  State  whether  the  work  is  on  the  surface  or  under- 
ground. State  how  far  the  stenm  or  compressed  air  will  be  carried.  Give  depth  of 
holes  to  be  drilled,  nature  of  rock,  Ac.  Percussion  drills  are  sold  without  restriction 
as  to  the  purpose  or  extent  to  which  they  are  to  be  used. 

LIST  OF  INGERSOLL  "ECLIPSE"  PERCUSSION  ROCK- 

DRILLING  MACHINES. 


Inner  diam  of  cylinder inn. 

Length  or  full  stroke " 

"      feed " 

"       machine* " 

Wtof  machine,  unmounted.... Iba. 
"    tripod,  without  the  wts.  "    i 
"    three  wta  for  tripod  legs.  "   > 
"    column,  arm  and  clamp.  "   ) 

Diam  of  hole  drilled ins. 

Maximum  depth  of  vertt  hole ft. 

Prices. 

Machine,  unmount'd.witho'tdrills. ) 
Set  of  drills  for  above  depth  of  hole.  > 
Tripod,  with  weights ) 


Column,  8  ft  long,  with  arm  &  clamp. 


1« 

S 
12 
36 
80 


t 


to 

X 


{ 


X  to  % 


{ 


I 


Letter  designating  the  sice  of  the  machine. 


2« 

4 

20 

34 

155 

125 

250 

200 

4 

* 

230 

8 

45 


c 


2« 

5 
24 
86 
195 
125 
250 
280 
lto2 

8 


255 
18 
45 


I» 


3 
6 

24 

40 
230 
125 
250 
280 
lto2 

10 

* 

280 
24 
45 


E 


8* 
6 

24 

42 
250 
125 
250 
2*0 
lto2 

12 

* 

300 
31 
45 


Column  4J4"  inn  diam. 


80 


80    I    80 


I     80    I     80    | 


9X 

«H 

26 

53 

S45 

150 

850 

420 

16 


330 
45 


© 


7 

84 

60 
605 
275 
400 
420 
2to4 

30 

t 

375 

109 

55 


S 

7 

34 

69 
670 
275 
400 
420 
3to6 

40 

• 

4» 

400 

65 


Column  6  inn  dlnm. 


110 


i:o    1110 


*  From  top  of  handle  of  feed-crank  to  lower  end  of  piston  at  the  end  of  the  down  stroke. 

t  For  greatest  advisable  length  of  kor  holes,  deduct  one-fourth  from  these  depths. 

X  Machine  A  is  mouuted  on  a  small  frame.    Price,  so  mounted,  $190.   Hole  18  ins  deep.    Drills  94. 

Art.  31.    The  drills  of  different  makers  differ  chiefly-  In  the 

methods  by  which  the  valve  is  operated.  In  some  this  is  done,  as  in  the  Ingersoll 
44  Eclipse  "  drill,  Art  26,  by  the  pres  of  steam.  In  others,  the  valve  is  moved  by 
a  lever  or  tappet,  which  projects  into  the  cylinder  so  as  to  come  into  contact 
with,  and  be  moved  by,  the  piston  at  each  stroke.  As  these  strokes  are  made  with 
great  force  some  300  or  more  times  per  minute,  such  valve-gear  is  necessarily  subject 
to  great  wear. 

Art.  33.  In  the  "  Little  Giant  Drill,"  made  by  the  Rand  Brill  Co, 
office  23  Park  Place,  New  York,  the  valve,  V,  Fig  6,  is  slid  backward  and  forward, 
in  the  name  direction  in  which  the  piston  is  moving,  by  the  tappet,  T,  which  is 
pivoted  at  p.  The  inclined  lower  corners  of  this  tappet  ride  up  as  they  come,  alter- 
nately, in  contact  with  the  shoulders,  **,  of  the  piston. 

Art.  33.  The  same  Co  have  recently,  1884.  brought  out  two  new 
drills,  the  "Economizer"  and  the  "Sliiflrfrer";  In  each  of  which  the 

Ive,  us  in  the  Ingersoll  "  Eclipse"  drill,  is  moved  by  steam,  bnt  upon  a  quite  dif- 
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Barlelfh   drill,  the  wive,  V, 
FIk  7,  it  moMd  by  iwo  tiipiMto. 


Art.  3S. 


.1  to,  mfrfl, 
"tonunie" 


Hie  dnmnari  stroke.    The  pint  on -rod,  o.  In  made  lighter  tlmn  In 

ntko 'drlllH.     J'biio  ».vra  n  r;rc*tcr  mirf-ice-  umlrr  tl.e  |M"."ii  li.rtht  i.^iih of 

tlio  IH.-..W,  .in  [li«,„.  stroke,  «rnl,  oini.rtniciiC.gri.nler  lifting  p.,v,'..     1'lii.  is  ut» 
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Art.  36.  The  hand  rock -drilling  machine  of  tlie  Pierce  Well 
Excavator  Co,  New  York, and  Loug  Islam!  Ciiy,  N  Y,  is  a  percussion  drill.  It  ih 
worked  by  a  crank  which  turns  a  disc  about  2  ft  in  diam.  The  disc  has  a  semi-circular 
slot,  in  which  works  the  arm  which  raises  the  drill-rod.  'litis  arm, in  rising, compresses 
a  coil-spring,  which,  on  the  down  stroke,  drives  the  drill  against  the  rock.  An  iron 
ball,  weighing  30  lbs  or  more,  is  furnished  with  each  machine.  This  ball  may  be 
screwed  to  the  top  of  the  drill-rod,  for  giving  greater  force  to  the  blows  of  the  drill. 
The  bail  may  be  used  without  the  spring,  by  disengaging  the  latter. 

The  drill  makes  about  40  strokes  of  10  or  1'2  ins  per  minute;  and  bores  holes  from 
%  to  VA  ins  diam.  It  can  be  arranged  to  drill  to  depths  of  30  ft  und  over.  For 
sharpening  the  bits,  it  has  an  emery  wheel  attached,  which  is  turned  by  the  crank. 
The  latter,  at  such  times,  is  thrown  out  of  gear  with  the  disc. 

The  drill  Is  mounted  on  a  rectangular  two-legged  frame,  about  5  ft  high 
by  2  ft  wide,  made  of  iron  tubes.  To  the  top  of  this  frame  a  third  leg  is  attached, 
by  adjusting  which  the  augle  of  the  drill-rod  with  the  vert  may  be  changed.  Like 
other  percussion  drills  worked  by  hand-power,  this  one  ceases  to  work  to  advantage 
when  said  angle  exceeds  about  45°.  These  drills  cost,  ready  for  work,  in  1888; 
$225  each.  They  weigh  from  200  to  400  lbs.  They  are  moved  from  place  to  place 
like  a  wheelbarrow,  the  disc  serving  as  a  when!. 

Art.  37.  Channeling:  consists  iu  making  long,  deep,  and  Barrow  cnts  in 
the  rock.  In  this  way  large  blocks  can  be  gotten  out  without  blasting  and  the  con- 
sequent danger  of  fracture.  This  is  ordinarily  done  by  boring  a  row  ef  holes  about 
an  iuch  apart  in  the  clear,  and  then  breaking  down  the  intermediate  spaces  by 
means  of  a  blunt  tool,  called  a  broach.  This  Is  called  broach  channeling*. 
For  this  purpose  a  steam  drilling  machine  is  mounted  tipou  a  hor  bar  restiug  upon 
two  pairs  of  legs.  The  hor  bar  is  placed  over  the  intended  row  of  holes,  and  the 
drill  is  slid  along  upon  it  from  one  hole  to  the  next.  In  using  the  broach,  the  rotat- 
ing apparatus  is  thrown  out  of  gear,  so  that  the  edge  of  the  broach  maintains  its 
position  in  Hue  with  the  row  of  holes. 

Art.  38.  The  Saunders  patent  channeling  machine,  of  the 
Ingersoll  Co,  consists  of  a  rock-drilling  machine,  having,  in  place  of  the  usual  drill- 
ing-bit, a  gang  of  tools  consisting  of  a  number  of  chisels,  clamped  together  side  by 
side,  and  thus  forming  a  cutting  tool  about  7  ins  long  by  %  inch  wide.  This  tooi 
Has  tts  many  cutting-edges  (each  as  long  as  the  tool  is  wide)  as  there  are  chisels. 
The  machine  is  supported  upon  a  carriage,  moving  on  a  track  parallel  with  the 
channel  to  be  cut.  The  tool  is  of  course  not  rotated;  but  the  rifle-bar,  A,  Fig  4,  is 
employed  to  move  the  carriage  along  the  track  about  an  inch  ufter  each  blow.  The 
carriage  remains  stationary  while  a  blow  is  being  struck.  Uuder  favorable  circum- 
stances this  machine  has  cut  trom  80  to  100  sq  ft  of  channel  per  day  of  ten 
hours.  Its  weight,  including  carriage,  is  about  &000  lbs.  Cost,  1888,  about  $2300. 

A  valve  is  provided,  by  which,  if  desired,  the  steam  may  be  shut  off  from 
the  piston  on  the  down  stroke,  so  that  said  stroke  may  be  made  with  only  the  weight 
of  the  piston,  rod,  and  .drill. 

Art.  39.  The  Ingersoll  Co  have  a  special  appliance,  designed  by  Mr.  W.  L. 
Saunders,  C  £,  for  drilling  and  blasting  rocks  under  water,  even 
when  they  are  covered  by  a  considerable  dopth  of  mud. 

Art.  40.  Air  compressors  for  rock-drills,  as  made  and  used  in  this  coun- 
try, are  mostly  hor,  direct-acting  engines.  That  is,  the  axes  of  the  steam-  and  air- 
cylinders  are  hor;  and  the  piston-rod  passes  directly  from  the  steam-cylinder  into 
the  air-cylinder.  A  fly-wheel  is  attached,  by  a  crank  and  connecting-rod,  to  the 
piston-rod.  Sometimes  the  steam-engine  is  separate  from  the  compressor,  and  the 
power  is  conveyed  to  the  latter  by  belts  or  gearing;  or  water-power  may  be  used  in 
the  same  way.  The  air  is  forced  into  a  receiver,  which  M  generally  a  plate-iron 
.cylinder,  3  or  4  ft  in  diani,  and  5  to  12  ft  loug. 

If  the  air-  or  pumping-cylinder  of  the  compressor  is  so  arranged  as  to  take  in  air 
on  one  stroke  only,  and  force  it  oift  into  the  receiver  upon  the  return  stroke,  it  is 
"single-acting."  If.  at  each  stroke  it  both  taken  in  and  forces  out  air,  it  is 
44 double-acting."  If  the  compressor  has  only  one  air-cylinder,  it  is  "sin- 
gle." If  it  has  two,  and  thus  practically  consists  of  two  single  compressors,  it  is 
**  duplex." 

The  valves  may  be  either  "  poppet"  valves,  held  in  place  by  springs,  and 
operated  by  the  pressure  of  the  air  itself;  or  slide  valves,  operated  by  eccentrics 
and  rods,  as  in  steam-engines. 

v<  The  compression  of  the  uir  develops  heat.  This  is  removed  either  by  causing 
cold  water  to  circulate  through  the  air-piston,  and  through  jackets  sarronndtog  the 
air-cylinder;  or  by  injecting  it  into  the  air-cylinder  in  the  form  of  spray.  Or  Doth 
methods  may  be  used  together. 

Art.  41.  Compressors  are  furnished  by  the  Ingersoll  Hock-Drill 
Co,  10  Park  Place,  New  York;  Rand  Drill  Co,  ft  Park  Plaee,  New  York;  Burleigh 
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Rock-Drill  Co.,  115  Liberty  St.,  New  York;  Graydon  &  Denton  Manufacturing  Co., 
15  Con  land  t  St.,  New  York;  Clayton  Air- Compressor  Workn,  office,  43  Dey  St.,  New 
York,  and  others. 

The  following  partial  list  of  Clayton  compressors,  compiled  from  data 
given  by  the  makers,  shows  the  dimension**  and  performance  of  each. 
We  give  also  a  list  of  their  receivers.    For  price*,  apply  to  the  Co  as  above. 

CLAYTON  DOUBLE-ACTUTG  AIR-COH  PRESSORS.  Partial  List. 


Duplex  I>ireet*itetinff+ 

Diam  of  steam-cylinders ins. 

**     air  " ins. 

Length  of  stroke ins. 

Number  of  revolutions  per  minute 

Cub  ft  of  free  air  compressed  per  minute Actual. 

Approximate  \vt  of  compressor lbs. 

Approx  number  of  rock-drills-  with  3-inch  cyls  sup- 
plied with  air  at  60  to  80  lbs  per  sq  inch 

Single  Direct-acting*  Compressors. 

Diam  of  steam-cylinder ins. 

"     air  "        ius. 

Length  of  stroke ius. 

Number  of  revolutions  per  minute 

Cub  ft  of  free  air  compressed  per  minute Actual. 

Approx  wt  of  compressor 

Approx  number  of  rock-drills    with  3-inch  cyls  sup- 
plied with  air  at  60  to  80  lbs  per  sq  inch 


Number,  designating  the  sixe 
of  the  machine. 


8 

8 

12 

(120 

(140 

136 
3000 


8 

8 

12 
(120 
•I  to 
(140 

68 
1650 


*x 


10 

10 

13 
100 

to 
180 
210 
7000 


10 

10 

13 
100 

to  ' 
130 
106 
3850 


14 

14 

15 
100 

to 

120 

438 

15000 

8 


14 

14 

15 
100 

to 

120 

219 

8250 


18 
18 
24 
60 
to 
90 
900 
25000 

18 


18 
18 
24 
80 
to 
90 
450 
13750 
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•  Tbe  price  of  a  compressor  alone,  to  be  worked  by  a  separate  steam-engine  or  water-power,  is  of 
course  less  than  that  of  the  above  com  pressor  and  engine  oombined. 


Air-Receivers;  -vertical  and  horizontal. 

Diameter 
inches. 

Length, 
Feet. 

Approximate 
weight,  lbs. 

Diameter, 
Inches. 

Length, 
Feet. 

Approximate 
weight,  lbs. 

33 
30 
36 
40 

5 
7 
8 
6 

700 

890 

1560 

1600 

*    40 
40 
40 
40 

8 
10 
11 
12 

1675 
1900 
2000 
2100 

The  Air-Receivers  have  brass-face  pressure  pangc,  glass  watcr-gaufre,  safety-valve, 
blow-off  valve,  try-cocks,  flanges  and  connections  to  automatic  feed  on  compiessor. 
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GUNPOWDER. 

Tile  explosive  force  of  powder  is  about  40000  lbs,  or  18  tons,  per  square 
inch.  It*  weight  averages  about  the  same  as  that  of  water,  or  62%  lbs  per 
cubic  foot :  hence,  1  ft  =  about  28  cubic  inches.  In  ordinary  quarrying,  a  cubic 
yard  of  solid  rock  in  place,  (or  about  1.9  cubic  yards  piled  up  after*  being  quar- 
ried,) requires  from  %to%fb.  In  very  refractory  rock,  lying  badly  for  quarry- 
ing, a  solid  yard  may  require  from  1  to  2  lbs.  In  some  of  the  most  successful 
great  blasts  for  stone  for  the  Holyhead  Breakwater,  Wales  (where  several 
thousands  of  lbs  of  powder  were  usually  exploded  by  elect  ricity  at  a  single 
blH8t,)  from  2  to  4  cubic  yards  solid  were  loosened  per  ft ;  but  in  many  instance 
not  more  than  1  to  \}At  yards.  Tunnels  and  shafts  require  2  to  6  lbs  per  solid 
yard ;  usually  3  to  5  lbs.  Soft,  partially  decomposed  rock  frequently  requires 
more  than  harder  ones.    Usually  sold  in  kegs  of  25  fts.* 

Weigh*  of  powder  1m  one  foot  depth  of  hole. 


Diameter  of  l&ole 

lin 

IK  ins 

l^ins 

2  ins 

2}£ins 

3  ins 

Weight  of  powder 
avoirdupois 

Oft  5oz 

Oft  8ose 

Oft  llos 

1ft  4oz 

2ft 

2lbl3os 

Diameter  of  l&ole 

9%  in 

41ns 

4^  ins 

6  ins 

h%  ins 

6  ins 

Weight  of  Powder 
avoirdupois 

3ft  Hoz 

6ft  Ooz 

6ft  6oz 

7ft  Mob 

9ft  8ox 

lift  60s 

•  Price.  1888.  in  Atlantic  cities, 

"A"  powder  (Saltpetre) .$2.60  par  keg  of  25  lbs. 

"B"  powder  (Soda) 2.00      u     u       * 
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Art.  1.  Most  of  the  explosives,  which,  of  late  years,  have  been  taking 
the  place  of  gunpowder  (p  660),  consist  Of  a  powdered  substance,  partly  saturated 
vrfth  nitro-glycerine,a  fluid  produced  by  mixing  glycerine  with  nitric  and  sulphuric 
acids. 

Art.  2.  Pure  nltro-fflycerlne,  at  60°  Fah,  has  a  sp  gray  of  1.6.  It  is  odor- 
less, nearly  or  quite  colorless,  and  has  a  sweetish,  burning  taste.  It  is  poisonous, 
even  in  very  small  quantities.  Handling  it  is  apt  to  cause  headaches.  It  is  insoluble 
in  water.  At  about  306°  Fah  it  takes  fire,  and,  if  uuconfined,  burns  harmlessly, 
unless  it  is  in  such  quantity  that  a  part  of  it,  before  coming  in  contact  with  air,  be- 
comes heated  to  the  exploding  point,  which  is  about  380°  Fah. 

N-G,  and  the  powders  containing  it,  are  always  exploded  by  means  of 
sharp  percussion.  See  Arts  36,  Ac.  After  N-G  is  made,  great  care  is  required  to 
wash  it  completely  from  the  surplus  acids  remaining;  in  It  from  the 
process  of  manufacture.  Their  presence,  either  in  the  liquid  N-G,  or  in  the  powder* 
containing  it,  renders  the  N-G  liable  to  spontaneous  decomposition,  which,  by  rais- 
ing the  temperature,  increases  the  danger  of  explosion. 

Art.  3.  J¥-©  freezes  at  about  45°  Fah.  It  is  then  very  difficult  of  ex- 
plosion, and  must  be  thawed  gradually,  as  by  leaving  it  for  a  sufficient  length 
of  time  in  a  comfortably  warm  room,  or  by  placing  the  vessel  containing  it  in  a  sec- 
ond vessel  containing  hot  water,  not  over  100°  Fah ;  but  never  by  exposing  it  to 
intense  heat,  as  in  placing  it  before  a  fire,  or  setting  it  on  a  stove  or  boiler.  Extra 
strong  caps  are  made  for  exploding  N-G  and  its  powders  when  frozen. 

Art.  4.  N-G,  owing  to  its  incompressibility,  is  liable  to  explosion 
through  accidental  percussion.  This,  and  its  liability  to  leak* 
agpe,  render  it  inconvenient  to  transport  and  handle.  Hence  it  is  rarely  used  in 
the  liquid  state  in  ordinary  quarrying  and  other  blasting.  In  the  oil  regions  of 
Penna,  it  is  largely  used  in  oil  wells,  in  order  to  increase  the  flow.  For  this 
purpose  it  is  confined  in  cylindrical  tin  casings,  from  1  to  5  inches  diani,  called  tor- 
pedo-shells. These  are  suspended  from,  and  lowered  into  the  well  by  means  of,  a 
cord  or  wire  wound  on  a  reel;  and  are  destroyed  when  the  charge  is  exploded. 
They  are  about  1  inch  less  in  diam  than  the  well,  and  contain  usually  from  one  to 
twenty  quarts  =  3  lbs,  5%  oz  to  66  lbs,  6%  oz  of  N-G.  They  are  pointed  at  their 
lower  ends,  in  order  to  facilitate  their  passage  through  the  oil  or  water  which  may 
be  in  the  well.  When  a  greater  charge  than  about  66^  foe  is  required,  two  or  more 
of  these  sheila  are  placed  in  the  well,  one  on  top  of  another,  the  conical  point  on 
the  lower  eud  of  each  one  fitting  into  the  top  of  the  one  next  below.  In  this  case, 
the  N-G  is  fired  by  means  of  a  cap  or  series  of  caps  placed  in  the  top  of  the  charge 
before  it  is  lowered.  When  the  charge  is  in  place,  the  caps  are  exploded  by  elec- 
tricity led  to  them  by  conducting  wires,  as  in  Art  37,  or  (as  in  the  method  more 
commonly  practised)  by  letting  a  weight  fall  on  thera. 

When  a  well  has  been  repeatedly  torpedoed,  and  a  cavity  has  thus  been  formed  in 
it  so  large  that  the  space  surrounding  a  torpedo  would  interfere  too  greatly  with 
the  effect  of  the  explosion  of  the  N-G  on  the  walls  of  the  well,  the  latter  is  placed 
directly  in  the  well,  by  lowering  a  tin  cylinder,  filled  with  it,  and  provided  with  an 
automatic  arrangement  which  allows  the  N-G  to  escape  when  at  the  bottom  of  the 
well.  The  N-G  is  then  fired  by  a  torpedo  suspended  on  a  line,  and  having  caps 
placed  in  its  top.  These  caps  are  exploded  by  a  leaden  or  iron  weight  sliding  down 
the  line,  or  by  electricity.  When  the  rock  is  seamy,  the  N-<G  is  confined  in  short 
cylindrical  tin  shells,  lowered  into  the  cavity,  and  fired  by  a  torpedo.  N-G  and  tor- 
pedoes of  N-G,  and  of  "  Atlas  "  and  "  Hercules  "  powders,  are  furnished  by  The  Tor- 
pedo Co  of  Delaware,  office  Warren,  Pa.  Price  of  N-G,  1888,  about  75  cts  per  lb. 
It  is  also  used  for  increasing  the  flow  of  springs  of  water.  It  of  course  cannot  be  used 
in  nor  or  upward  holes,  such  as  often  occur  in  tunneling,  <fcc. 

Art.  5.  N-G  explodes  so  suddenly  that  very  little  tamping;  Is  re- 
quired. Moist  sand  or  earth,  or  even  water,  is  sufficient.  This,  with  the  fact 
that  N-G  is  unaffected  by  immersion  in  water,  and  is  heavier  than  water,  render  it 
particularly  suitable  for  sub-aqueous  work,  or  for  holes  containing 
water,  provided  the  rock  has  no  seams  which  would  permit  the  N-G  to  escape.  If 
the  rock  is  seamy,  the  N-G  must  be  confined  in  a  water-tight  casing.  Such 
casings,  however,  necessarily  leave  some  spaces  between  the  rock  and  the  explosive, 
and  these  diminish  considerably  the  effect  of  the  tatter. 

Art.  6.  The  great  explosive  force  of  N-G  is  due  partly  to  the  very 
large  volume  of  gas  into  which  a  small  quantity  of  it  is  converted  by  explosion,  and 
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partly  to  the  suddenness  with  which  this  conversion  takes  place,  the  gases  being 
liberated  almost  instantaneously,*  while  with  gunpowder  their  liberation  requires 
a  longer  time.  The  suddenness  of  the  explosion  increases  its  effect,  not  only  by 
applying  all  of  its  force  practically  at  one  instant,  bat  also  by  greatly  heating  the 
gases  produced,  and  thus  still  further  increasing  their  volume. 

Art.  7.  Tbe  liquid  condition  of  N-G  is  useful  in  causing  it  to  fill  tile  drill- 
hole completely,  so  that  there  are  no  vacant  spaces  in  it  to  waste  the  force 
of  the  explosion.  On  the  other  hand,  the  liquid  form  is  a  disadvantage,  because, 
when  thus  used  without  a  containing  vessel  in  seamy  rock,  portions  of  the  N-G  leak 
away  and  remain  unexploded  and  unsuspected,  and  may  cause  accidental  explosion 
at  a  future  time. 

Art.  8.  M-O  la  stored  in  tin  cans  or  earthenware  jars.  If 
properly  washed  from  acid  it  does  not  injure  tin.  For  transportation,  these  cans  or 
jars  are  packed  in  boxes  with  sawdust,  or  in  padded  boxes,  and  loaded  in  wagons. 
The  R  R  companies  do  not  receive  it. 

Art.  9.  When  N-G  and  its  compounds  are  completely  exploded,  the  gases 
given  oat  are  not  troublesome,  but  those  resulting  from  incomplete  explosion, 
such  as  generally  takes  place,  or  from  combustion,  are  very  offensive. 

Art.  10.  For  convenience,  we  apply  the  name  "dynamite"  to  any  explo- 
sive Avhich  contains  nitro-glyeerine  mixed  with  a  granular  absorbent;  *' trne 
dynamite  "  to  those  in  which  the  absorbent  of  the  N-G  is  "Kieselguhr,"t  or 
some  other  inert  powder  which  takes  no  part  in  the  explosion;  and  "false 
dynamite  "  to  those  in  which  the  absorbent  itself  contains  explosive  anbetaaces 
other  than  N-G. 

Art.  11.  The  absorbent,  by  its  granular  and  compressible  condition, 
acts  as  a  cushion  to  the  N-G,  and  protects  it  from  percussion,  and  from 
the  consequent  danger  of  accidental  explosion. 

N-G  undergoes  no  change  in  composition  by  being  absorbed ;  and  it  then  freezes, 
burns,  explodes,  Ac,  under  the  same  conditions  as  to  pressure,  temperatore,  Ac,  as 
when  in  the  liquid  form.  The  cushioning  effect  of  the  absorbent  merely  renders  it 
more  difficult  to  bring  about  sufficient  percussive  pressure  to  cause  explosion.  The 
absorption  of  the  N-G  in  dyn  enables  the  latter  to  be  used  in  hor  hotae,  or  in  holes 
drilled  upward. 

Art.  12.  N-G  and  dyn  explode  much  more  readily  when  rigidly 
confined,  as  by  a  metallic  vessel,  or  by  the  walls  of  a  hole  drilled  in  rock,  than 
when  confined  by  a  yielding  substance,  as  wood.  Therefore  the  fact  that  dyn,  not 
being  liquid,  can  be  packed  in  wooden  boxes,  renders  it  safer  than  N-G  which  has  to 
be  kept  in  stone  or  metal  vessels. 

Art.  13.  True  dynamites  most  contain  at  least  about  50  per 
cent  of  N-G.  Otherwise  the  latter  will  be  too  completely  cushioned  by  the  absorbent, 
and  the  powder  will  be  too  difficult  to  explode.  False  dynamites,  on  the  contrary, 
may  contain  as  small  a  percentage  of  N-G  as  may  be  desired;  some  containing  as 
little  as  15  percent.  The  added  explosive  substances  in  the  false  dynamites  generally 
contain  large  quantities  of  oxygen,  which  are  liberated  upon  explosion,  and  aid  in 
effecting  the  complete  combustion  of  any  noxions  gases  arising  from  the  N-G. 

Art.  14.  Dynamites  which  contain  large  percentages  of 
N-G  explode  (like  the  liquid  N-G.  Art  6)  with  great  suddenness,  tending  to  shatter 
the  rock  in  their  vicinity  into  small  fragments.  They  are  most  useful  in  very  hard 
rock.  In  such  rock,  No  1  dynamite,  or  that  containing  75  per  cent  of  N-G,  is 
roughly  estimated  to  have  about  6  times  the  force  of  an  equal  wt 
of  runpowder. 

For  soft  or  decomposed  rocks,  sand,  and  earth,  the  lower  grades 
of  dynamite,  or  those  containing  a  smaller  percentage  of  N-G,  are  more  suitable. 
They  explode  with  less  suddenness,  and  their  tendency  is  rather  to  npheave  large 
masses  of  rock,  Ac,  than  to  splinter  small  masses  of  it.  They  thus  more  nearly  re- 
semble gunpowder  in  their  action. 

Judgment  most  be  exercised  as  to  the  g-rade  and  quantity  of  explosive 
to  be  used  in  any  given  case.  Where  it  is  not  objectionable  to  break  the  rock  iuto 
small  pieces,  or  where  it  is  desired  to  do  so  for  convenience  of  removal,  the  higher, 
shattering  grades  are  useful.  Where  it  is  desired  to  get  the  rock  out  in  large  masses, 
as  in  quarrying,  the  lower  grades  are  preferable. 

For  very  difficult  work  in  hard  rock,  and  for  submarine  bins  ting,  the  highest 
grades,  containing  70  to  75  per  cent  of  N-G,  are  used.  A  small  charge  of  these  does 
the  same  execution  as  a  larger  charge  of  lower  grade,  and  of  course  does  not  require 

•Such  sudden  liberation  of  gas  is  called  "detonation." 

t  Kieselguhr  ia  an  earthy,  nilicious  limestone,  ooraposed  of  the  fossil  remains  of  small  shells. 
Baob  shell  acts  as  a  minute  receptacle  for  nitro-glycerlue.  Kieselguhr  is  found  in  Hanover,  Oernmaj, 
and  in  Mew  Jersey. 
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the  drilling  of  so  large  a  bole.    In  submarine  work  their  sharp  explosion  is  not 
deadened  by  the  water. 

For  general  railroad  work,  ordinary  tunneling,  mining  of  ores,  Ac,  the  aver* 
age  grade,  containing  4\)  per  cent  ot  N-U,  is  used ;  for  quarrying,  35  per 
cent ;  for  blasting  stomps,  trees,  piles,  Ac,  30  per  cent ;  for  sand  and 
earth,  15  per  cent. 

Art.  15.  Dynamite,  like  N-G,  can  be  readily  exploded  under 
water,  provided  it  is  so  immersed  as  not  to  be  scattered;  but  long  exposure 
to  water  is  injurious  to  it.  In  the  higher  grades,  the  water,  by  its  greater 
affinity  fur  the  absorbent,  drives  out  the  N-G.  In  the  lower  grades  it  is  apt  to  wash 
away  the  salts  used  as  additional  explosives. 

Art.  16.  In  dyus  containing  a  lurge  percentage  of  N-G,  the  latter  is  liable 
to  exude  in  liquid  form,  or  to  "  leak,"  especially  in  warm  weather,  and  theu  to 
explode  through  accidental  percussion.  The  same  danger  exists,  even  though  the 
percentage  of  N-G  be  small,  if  the  absorbent  has  but  small  absorbing  power,  and  is, 
consequently,  easily  saturated. 

Art.  17.  True  dyn  resembles  moist  brown  sugar.  Its  properties  are 
generally  those  of  the  N-G  contained  in  it.  Thus,  it  takes  fire  at  about  350°  F,  and 
burns  freely.  It  freezes  at  45°  F,  and  is  then  difficult  to  explode.  It  is  not  exploded 
by  friction,  or  by  ordinary  percussion,  but  requires,  for  general  purposes,  a  strong 
cap,  or  exploder,  containing  fulminating  powder,  see  Arts  36,  38,  Ac.  It  may,  how- 
ever, be  exploded  by  a  priming  of  gunpowder,  tightly  tamped,  and  fired  by  an  ordi- 
nary safety-fuse. 

Art.  18.  The  charge  should  fill  the  cross  section  or  the 
hole  as  completely  as  possible.  If  water  is  not  standing  in  the  hole,  the  cartridge 
should  be  cut  open  before  insertion,  so  that  the  powder  may  escape  from  it  and  fill  the 
hole ;  or  the  powder  may  be  simply  emptied  from  the  cartridge  into  the  hole. 

Art.  19.  For  blasting  iee  in  place,  holes  are  cut  in  it,  and  a  number  of  dyn 
cartridges  (one  of  which  must  contain  an  exploding  cap)  are  tied  together  and  low- 
ered from  1  to  5  ft  into  the  water.  They  are  fired  as  soon  as  possible  after  immer- 
sion, to  avoid  the  danger  of  freezing.  Electrical  exploders  (Arts  37,  Ac,)  are  best 
for  sub-aqueous  work. 

Art.  20.  Dyn  is  useful  for  breaking  up  pieees  of  metal,  such  as  old 
cannon,  condemned  machinery,  "  salamanders  "^(masses  of  hardened  slag)  iu  blast 
furnaces,  Ac.  Iu  cannon,  the  dyn  is  of  course  exploded  in  the  bore.  In  other  pieces, 
small  holes  are  generally  drilled  to  receive  it;  but  plates,  even  of  considerable  thick- 
ness, may  be  broken  by  merely  exploding  dyn  upon  their  surface. 

Art.  21.  For  blasting  trees  or  stumps,  one  or  more  cartridges  are 
fired  in  a  hole  bored  in  the  trunk  or  roots,  or  under  the  latter.  This  shatters  both 
trunk  and  roots.  A  tree  may  be  felled  neatly  by  boring  a  number  of 
small  radial  holes  into  it,  at  equal  short  dists  in  a  hor  line  around  its  circumf,  and, 
by  means  of  an  electric  battery  (Arts  37,  Ac),  exploding  simultaneously  a  small 
charge  of  dyn  in  each.  Or  a  single  long  cartridge  may  be  tied  around  the  trunk  of 
a  small  tree,  and  fired. 

Art.  22.  Piles  may  be  blasted  in  the  same  way  as  trees ;  or  a  hole  may 
be  bored  for  the  cartridge  in  the  axis  of  the  pile ;  or  the  cartridge  may  be  simply 
tied  to  the  side  of  the  pile  at  any  desired  lit. 

Art.  23.  The  higher  grades  of  dyn,  like  N-G,  require  but  little  tamp* 
lug.  Use  fe  wooden  tamping-bar,  never  a  metallic  one,  for  any  explosive.  If 
a  charge  of  dyn  '•  hangs  fire,"  it  is  dangerous  to  attempt  to  remove  it.  Remove 
the  tamping,  all  but  a  few  ins  in  depth,  on  top  of  which  insert  another  cartridge, 
containing  an  exploder,  and  try  again.  Bee  electrical  exploders,  Arts  37,  Ac.  Dyn, 
like  N-G,  if  frozen,  must  be  thawed  gradually,  by  leaving  it  in  a  warm  room,  far 
from  the  fire;  or  by  placing  it  in  a  metallic  vessel,  which  fe  then  placed  in  another 
vessel  containing  hot  water.  The  water  should  not  be  hotter  than  can  be  borne  by 
the  hand.  Otherwise  the  N-G  is  liable  to  separate  from  the  absorbent.  The  N-G  iu 
dyn  may  freeze  without  cementing  together  the  particles  of  the  absorbent;  in 
which  case  the  powder  of  course  is  still  soft  to  the  touch.  An  overcharge  of 
N-G,  or  of  dyn,  is  liable  to  be  burned,  and  thus  wasted,  giving  off  offensive  gases. 

Art.  24.  Dyn  is  sold  in  cylindrical,  paper-covered  cart- 
ridges, from  %  to  2  ins  in  diam,  and  6  to  8  ins  long,  or  longer.  They  are  fur- 
nished to  order  of  auy  required  size,  and  are  packed  in  boxes  containing  25  lbs  or  50 
Bte  each.    The  layers  of  cartridges  are  separated  by  sawdust. 

Art.  25.  Some  of  the  R  R  companies  decline  to  carry  dyn  or  N-G  in  any 
shape.  Others  carry  dyn  under  certain  restrictions,  based  upon  State  laws;  pro- 
viding that  it  must  be  dry  (i«,  that  no  N-G  shall  be  exuding  from  it);  that  boxes 
and  cars  containing  it  shall  be  plainly  marked  with  some  cautionary  words,  as  "ex- 
plosive," "dangerous,"  Ac;  that  the  cartridges  shall  be  so  packed  in  the  boxes,  and 
the  boxes  so  loaded  in  the  cars,  that  both  shall  lie  upon  their  «tde*,  and  the  boxes 
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be  in  no  danger  of  falling  to  the  floor ;  that  caps,  Ac,  shall  not  be  loaded  in  tbe 
car  with  dyu,  Ac,  Ac. 

Art,  26.  A  great  many  varieties  of  dyn  are  made*  They  differ 
(generally  but  slightly)  in  the  composition  of  tbe  absorbent,  and  in  the  method  of 
manufacture.  Each  maker  usually  makes  a  number  of  grades,  containing  different 
percentages  of  N-G,  Ac,  and  gives  to  his  powders  some  fanciful  uante. 

Art.  27.  The  following  table  of  explosives  made  by  the  Repanno 
Chemical  Co,  at  Thompson's  Point,  N  J,  office  Wilmington,  Del.  and  known  as  **  At* 
las  "  powders,  gives  the  percentage  of  N-G  in  each,  and  the  approj 
price  for  1888.    It  gives  a  general  idea  of  the  range  of  American  dyns. 


Brand. 

Percentage 
of  N-U., 

Card,  pries, 

188*. 
cts  per  lb. 

Brand. 

Percentage 
of  N-G. 

Card  pries, 

1888. 
ets  per  a. 

A 

75 

So 

D+ 

33 

SO 

B+ 

60 

31 

B 

60 

27 

E+ 

27 

18 

0+ 

45 

25 

E 

20 

16 

c 

40 

23 

The  absorbents  eon  tains  in  u  A"  brand,  18  per  cent  wood  palp  and  7 
per  cent  carbonate  of  magnesia;  in  "C"  brand  (the  average  grade),  46  per  cent 
nitrate  of  soda  (soda  saltpetre),  11  per  cent  wood  pulp,  and  3  per  cent  carbonate  of 
magnesia;  in  "  E  "  brand,  61  per  cent  nitrate  of  soda,  16  per  cent  wood  pulp,  Ac,  and 
2  per  cent  carbonate  of  magnesia. 

Art.  28.  "  Miner's  Friend  "  powder,  made  by  the  Hecla  Powder  Co, 
office  239  Broadway,  New  York,  contains  nitrate  of  soda,  wood  pulp,  resin,  and  car- 
bonate of  magnesia.  It  freezes  at  42°,  and  is  then,  like  other  dyu,  difficult  to  ex- 
plode.  When  used  under  water,  the  cartridges  should  not  be  broken,  because  the 
powder  is  injured  by  direct  contact  with  water.  Their  **  Heela  "  powder  is  a 
lower  grade.  It  is  in  granulated  form,  like  ordinary  blastiug  powder,  but  is  said  to 
be  much  stronger.    It  is  intended  as  a  substitute  for  it. 

Art.  29.  "  Giant"  powder  is  made  by  Atlantic  Dynamite  Co,  office  245 
Broadway,  New  York.  No  1  is  dyn  proper,  containing  75  per  cent  N-G,  and  25  per 
cent  Kieselguhr  obtained  near  their  works  in  New  Jersey.  Their  lowest  grade, 
branded  "  M,"  contains  20  per  cent  N-G.  The  name  "  giant  powder  "  was  originally 
applied  to  dynamite  in  general. 

Art.  30.  Other  brands  are  "  Hercules"  powder,  Hercules  Powder  Co,  40 
Prospect  St,  Cleveland,  0 ;  and  "  Judson  RRP  powder,"  Atlantic  Dyn  Co., 
New  York,  a  substitute  for  ordinary  blasting  powder.  It  is  put  up  in  water-proof 
paper  bags,  of  (%,  12%,  and  25  lbs  each,  and  these  are  packed  in  wooden  boxes  hold- 
ing 50  lbs  each.  The  same  Co  furniBh  also  "  Judson  FFF dynamite,"  a 
higher  grade,  in  cartridges  of  the  usual  shape,  packed  in  50-lb  boxes. 

Art.  31.  "  Rackarock  "  cartridges,  furnished  by  Rendrock  Powder  Co,  23 
Park  Place,  New  York,  are  said  to  contain  no  N-G,  and  to  be  entirely  inexplosive 
until  immersed,  for  a  few  secouds,  in  au  inexplosive  liquid  furnished  by  the  same 
Co.  They  are  then  allowed  to  stand  for  15  niiun,  after  which  they  may  be  used  at 
any  time.  They  are  fired  in  tbe  same  way  as  dyn,  and  can  be  used'  uuder  water. 
The  mfrs  claim  that  they  "  approximate  N-G  in  strength,  and  are  stronger  than 
dyn." 

Art.  32*  The  following*  explosives  are  made  and  used  in 
Europe,  but  have  not  yet  been  regularly  imported  into  the  U  8. 

Compressed  gun-cotton*  made  at  Stowmarket,  Eng,  is  cotton  dipped  in 
a  mixture  of  nitric  and  sulphurio  acids,  then  reduced  to  a  fine  pulp,  and  made  iuto 
discs  1  to  2  ins  thick,  and  %  to  2  ins  diam,  or  larger.  It  is  generally  used  wet,  for 
the  sake  of  greater  safety.  It  then  requires  extra  strong  caps  or  primers.  Roughly 
speaking,  it  is  about  as  strong  as  dyn  No  1,  but  is  less  9katUrinQ  in  its  effect.  Being 
lighter  than  dyn,  it  requires  larger  holes;  aud,  owing  to  its  rigidity,  is  leas  easily 
inserted,  and  does  uot  fit  the  hole  so  completely.  When  dry,  it  is  very  iuflanimable, 
but,  if  not  confined,  it  burns  harmlessly.  It  contains  no  liquid,  to  freexe  or  to  exude; 
and  is  safe  to  liaudle. 

Art.  33.  Tonite  consists  of  finely  divided  gun-cotton  mixed  with  nitrate  of 
baryta.  It  is  made  by  the  Cotton  Powder  Co,  Limited,  at  Faverbhain,  Eng.  It  Is 
compressed  into  candle-shaped  cartridges  having,  at  one  end,  a  recess  for  the  recep- 
tion of  an  exploder  containing  fulminate  of  mercury.  Tbe  cartridges  weigh  abomt 
the -same  as  dyn.    They  are  generally  made  waterproof. 
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Art.  84.  Forcite*  Lithofraeteur,  and  Dunlin  are  foreign  makes  of 
nitroglycerine  explosives.  In  Dualin  the  absorbent  is  sawdust.  It  lias  greater 
bulk  than  dyn  for  a  given  wt,  and  requires  larger  holes. 

Art.  35.  Explosive  gelatine  is  made  by  the  Nobels  Explosives  Go,  Lim 
(office  Glasgow,  Scotland),  at  their  several  works  in  England.  It  is  a  transparent, 
pale  yellow,  elastic  substance,  and  is  composed  of  90  per  cent  N-G  aud  10  per  cent 
gun-cotton.  It  is  less  seusitive  than  dyn  to  percussion,  friction,  or  pressure,  and  is 
lint  affected  by  water.  Its  specific  gravity  is  1.6.  It  burns  in  the  open  air.  For 
complete  detouatiou  a  special  primer  is  required.  The  addition  of  a  small  propor- 
tion of  camphor  renders  it  still  less  sensitive,  and  increases  its  explosive  force.  The 
camphor  evaporates  to  some  extent. 

In  some  experiments  on  the  power  of  different  explosives  to  increase  the  contents 
of  a  small  cavity  in  a  leaden  Mock,  explosive  gelatine  caused  an  increase  50  per  cent 
greater  than  that  caused  by  dyn  No  1.  In  hard  rock  the  diff  would  probably  have 
been  greater.    The  increase  was  10  per  cent  less  than  that  caused  by  N-G. 

Art.  36.  The  cap  or  exploder,  used  with  ordinary  safety  fuse  for  ex- 
ploding N-G  and  dyn,  is  a  hollow  copper  cylinder,  about  ~%  inch  diain,  and  an  inch 
or  two  in  length.  It  contains  from  15  to  20  per  cent,  or  more,  of  fulminate  of  mer- 
cury, mixed  with  other  ingredients  into  a  cement,  which  fills  the  closed  end  of  the 
cap.  The  cap  is  called  "single-force,"  '*  triple-force,"  Ac,  according  to  the  quantity 
of  explosive  it  contains. 

The  end  of  the  fuse,  cut  off  square,  is  inserted  into  the  open  end  of  this  cap,  far 
enough  to  touch  the  fulminating  mixture  in  it.  In  doing  this,  care  must  be  taken 
not  to  roughly  scratch  the  latter.  The  neck  of  the  cap  is  then  pinched,  near  its 
open  end,  so  as  to  hold  the  fuse  securely.  The  cap,  with  the  fuse  thus  attached,  is 
then  inserted  into  the  charge  of  N-G  or  dyn,  care  being  taken  not  to  let  the  fuse 
come  into  contact  with  the  explosive,  which  would  then  be  burned  and  wasted.  If 
t>  dyn  cartridge  is  used,  the  fuse,  with  cap,  is  first  inserted  into  it.  The  neck  of  the 
cartridge  is  then  tied  around  the  fuse  with  a  string,  and  the  cartridge  is  then  ready 
to  be  placed  in  the  hole  and  fired. 

Art.  37.  The  Siemens  magneto-electric  blasting  appa- 
ratus, now  in  general  use,  consists  of  a  wooden  box  about  as  large  us  a  transit- 
box.  Outside  it  has  two  metallic  binding-posts  with  screws,  for  attaching  the  two 
wires  leading  to  the  exploder.  From  the  top  of  the  box  projects  a  handle  at  the 
end  of  a  vert  bar.  This  bar,  which  is  about  as  long  as  the  box  is  high,  is  made  so 
as  to  slide  up  and  down  in  it,  and  is  toothed,  and  gears  with  a  small  pinion  inside 
the  box.  When  a  blast  is  to  be  fired,  tho  bar  is  drawn  up,  by  means  of  the  handle, 
as  far  as  it  will  come.  It  is  then  pressed  quickly  down  to  the  bottom  of  the  box. 
In  its  descent  it  puts  into  operation,  by  means  of  the  pinion,  a  magneto-electric 
machine  inside  the  box.  This  generates  a  current  of  electricity,  which  increases  in 
force  with  tlfe  downward  motion  of  the  liar,  but  which  is  confined  to  a  short  circuit 
of  wire  within  the  box,  until  the  foot  of  the  bar  strikes  a  spring  near  the  bottom  of 
the  box,  breaking  the  short  circuit  and  forcing  the  electricity  to  travel  through  the 
two  longer  "  leading  wires,"  which  lead  it  from  the  two  binding-posts  on  the  outside 
of  the  box  to  the  cap  or  exploder  placed  in  the  charge. 

Art.  38.  The  cap  used  with  this  machine  is  similar  to  that  used  with  safety 
fuse  (Art  36), except  that  its  mouth  is  closed  with  a  cork  of  sulphur  cement,  through 
which  pass  the  two  wires  leading  from  the  electric  machine.  The  ends  of  these 
wires  project  into  the  fulminating  mixture  in  the  cap.  They  are  \Z^  inch  apart,  but 
are  connected  by  a  platinum  wire,  which  is  so  fine  as  to  be  heated  to  redness  by  the 
current  from  the  battery.   Its  heat  ignites  the  fulminate  and  thus  explodes  the  cap. 

These  exploders,  called  platinum  caps,  or  (improperly)  platinum  fuses,  cost, 
1888,  about  5  to  11  cts  each,  depending  upon  the  length  (from  4  to  16  ft;  of  the  two 
cotton-covered  wires  attached  to  them.  V\  ith  gutta-percha-covered  wires,  20  to  40 
cts.  The  outer  end  of  each  of  these  short  wires  is  connected  with  the  electrical  ma- 
chine by  a  cotton-covered  **  leading  wire"  costing  1  cent  per  ft. 

Art.  39,  Where  a  number  of  holes  are  to  be  fired  simul- 
taneously (thus  increasing  their  effect),  each  hole  has  a  platinum  cap  inserted 
into  its  charge,  and  one  of  the  short  wires  attached  to  each  cap  is  joined  to  one  of 
those  of  the  next  cap,  so  that  at  each  end  of  the  series  of  caps  there  is  one  tree  end 
of  a  short  wire.  Each  of  these  two  ends  is  fastened  to  the  ond  of  one  of  the  leading 
wires,  placing  the  whole  series  %in  one  circuit."  Where  the  holes  are  too  far  apart 
for  the  caps  to  be  thus  joined  by  the  short  wires  attached  to  them,  the  ends  of  the 
latter  are  connected  by  cotton-covered  "connecting  wires,"  costiug  about 
30  cts  per  pound. 
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Art.  40.  The  magneto-electrical  machine  weighs  about  16  lbs,  and 
costs*  1888,  size  No  3,  $25.  It  can  fire  about  12  caps  at  once.  A  larger  size,  No  4, 
costs  $60;  and  a  still  larger  one,  said  to  be  capable  of  firing  over  50  holes  at  once. 
$100. 

Frlctlonal  electric  blasting  machines,  costing  about  $75  each,  are 
now  (1884)  nearly  obsolete. 

Caps  for  ordinary  fuse  and  for  electrical  firing,  fuses,  wires,  electrical  machines, 
«c,  are  made  by  Laflin  A  Rand  Powder  Co,  29  Murray  St,  New  York,  and  are  sold  by 
most  of  the  makers  of,  and  dealers  in,  explosives,  rock-drilling  machines,  Ac. 

Art.  41.  Simultaneous  firing  of  a  number  of  holes  can  be  conveniently  accom- 
plished only  by  electricity.  Electric  blasting  apparittus  is  specially  useful  for 
blasting  under  water,  where  ordinary  fuses  are  apt,  especially  at  great  depths,  to 
become  saturaied  and  useless. 

If  an  electrical  machine  fails  to  fire  a  charge,  it  is  known  that  the  charge  cannot 
explode  until  the  attempt  is  repeated.  Therefore  no  time  need  be  lost,  and  no  risks 
rttu,  on  account  of  u  hanging  fire." 
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Cost  of  quarrying-  stone.  After  the  preliminary  expenses  of  purchasing 
the  site  of  a  good  quarry;  cleaning  off  4he  surface  earth  and  disintegrated  top  rock; 
and  providing  the  necessary  tools,  trucks,  cranes,  &c ;  the  total  neat  expenses  for 
getting  out  the  rough  stone  for  masonry,  per  cub  yard,  ready  for  delivery,  may  be 
roughly  approximated  thus:  Stones  of  such  sizes  as  two  men  can  readily  lift,  meas- 
ured in  piles,  will  cost  about  as  much  as  from  }£  to  14  the  daily  wages  of  a  quarry 
laborer.  Large  stones,  ranging  from  ^  to  1  cub  yd  each,  got  out  by  blasting,  from 
1  to  2  daily  wages  per  cub  yd.  Large  stones,  ranging  from  1  to  \%  cub  yds  each,  in 
which  most  of  the  work  must  be  done  by  wedges,  in  order  that  the  individual  stones 
shall  come  out  in  tolerably  regular  shape,  and  conform  to  stipulated  dimensions ; 
from  2  to  4  daily  wages  per  cub  yard.  The  smaller  prices  are  low  for  sandstone, 
while  the  higher  ones  are  high  for  granite.  Under  ordinary  circumstances,  about 
V/z  CUD  J^8  °f  good  sandstone  can  be  quarried  at  the  same  cost  as  1  of  granite ;  or, 
in  other  words,  calling  the  cost  of  granite  1,  that  of  sandstone  will  be  %;  so  that 
the  means  of  the  foregoing  limits  may  be  regarded  as  rather  full  prices  for  sandstone; 
rather  scant  ones  for  granite ;  and  abont  fair  for  limestone  or  marble. 

Cost  of  dressing  stone.  In  the  first  place,  a  liberal  allowance  should  be 
made  for  waste.  Kven  when  the  stone  wedges  out  handsomely  on  all  sides  from 
the  quarry,  in  large  blocks  of  nearly  the  required  shape  and  size,  from  %  to  %  of 
Uie  rough  block  will  generally  not  more  than  cover  waste  when  well  dressed.  In 
moderate-sixed  blocks,  (say  averaging  about  %  a  cub  yard  eachO  and  get  out  by 
blasting,  from  V£  to  H  will  not  be  too  much  for  stone  of  medium  character  as  to 
straight  splitting.  About  the  last  allowance  should  also  be  made  for  well-scabbled 
rubble.  The  smaller  the  stones,  the  greater  must  be  the  allowance  for  waste  in 
dressing.  In  large  operations,  it  becomes  expedient  to  have  the  stones  dressed,  as 
far  as  possible,  at  the  quarry ;  in  order  to  diminish  the  cost  of  transportation,  which, 
when  the  distance  is  great,  constitutes  an  important  item — especially  when  by  land, 
aud  on  common  roads. 

A  Stonecutter  will  first  take  out  or  wind;  and  then  fairly  patent-hammer  dress,  abont  8 
to  10  sq  ft  of  plain  face  in  hard  granite,  in  a  day  of  8  working  hours ;  or  twice  as  mnoh  of  sneh  infe- 
rior dressing  as  is  usually  bestowed  on  the  beds  and  joints ;  and  generally  on  the  faces  also  of  bridge 
masonry,  Ac,  when  a  very  fine  finish  is  not  required.  In  good  sandstone,  or  marble,  he  can  do  about 
%  more  thau  in  granite.    Of  finest  hammer  finish,  granite,  4  to  5  sq  ft. 

Cost  of  masonry.  Every  item  composing  the  total  cost  is  liable  to  much 
variation ;  therefore,  we  can  merely  give  an  example  to  show  the  general  principle 
upon  which  an  approximate  estimate  may  be  made ;  assuming  the  wagr/es  or  a 
laborer  to  be  $2.00  per  day  of  8  working  hours ;  and  93.50  for  a  mason.  The 
monopoly  of  quarries  affects  prices  very  much.* 

Cost  of  ashlar  facing  masonry.  Average  size  of  the  stones,  say  5  ft 
long,  2  ft  wide,  and  1.4  thick ;  or  two  such  stones  to  a  cub  yd.  Then,  supposing  the 
stone  to  be  granite  or  gneiss,  the  cost  per  cub  yd  of  masonry  at  such  n 

will  be,     Getting  ont  the  stone  from  the  qusrry  by  blasting,  allowing  %  for  waste  in 

dressing;  \H  cub  yds,  at  $3.00  per  yard $4.00 

Dressing  14  sq  ft  of  face  at  35  eta 4.90 

52     "        beds  and  joints,  at  18  cts 9.36 


n 


Neat  coat  of  the  dressed  stone  at  the  quarry 18.26 

Hauling,  say  1  mile;  loading  and  unloading 1.20 

Mortar,  say.... 40 

Laying,  including  scaffold,  hoisting  machinery,  superintendence,  Ac 2.00 

Neat  cost 21.86 

Profit  to  contractor,  say  15  per  ct 3*28 

Total  cost 25.14 

Dressing  will  cost  more  if  the  faoes  are  to  be  rounded,  or  moulded.  If  the  stones  are  smaller  thau 
we  hare  assumed,  there  will  be  more  eq  ft  per  oub  yd  to  be  dressed,  Ac. 

If  in  the  foregoing  ease,  the  stones  be  perfectly  well  dressed  on  all  sides,  including  the  back,  the 
cost  per  cub  yd  wonld  be  increased  about  $10 ;  and  if  some  of  the  sides  be  curved,  as  In  arch  stone«v 
say  $12  or  $14;  and  if  the  blocks  he  carefully  wedged  out  to  given  dimensions,  $16  or  $18;  thus 
making  the  neat  cost  of  the  dressed  stone  at  the  quarry  say  $28,  $31,  or  $35  per  cub  yd. 

•  The  blocks  of  granite  for  Bunker  Hill  monument  averaging  2  cub  yds  each,  were 
quarried  by  wedging,  mid  delivered  at  the  site  ot  the  monument,  at  a  neat  actual  cost  of  $5.40 
per  cub  vd ;  by  the  Monument  Association ;  from  a  quarry  opened  by  themselves  for  the  purpose.  The 
Association  received  no  profit;  their  services  being  voluntary.  The  average  contract  offers  for  the 
same,  were  $24.30?  The  actual  cost  of  getting  out  the  rough  blocks  at  the  quarry  was  $2.70.  Load- 
ing upon  tracks  at  quarrr.  about  15  eta.  Transportation  8  miles  by  railway  and  common  road,  $2.55. 
Totair$5-40>    In  i83&  to  18*° ;  common  unskilled  labor  averaging  $1  per  day. 

In  1888,  Oranite  blocks  about  a  cub  yd  each,  with  dressed  beds  and  joints, 
but  with  otily  a  2  inoh  draft  around  the  showing-face,  (which  is  lift  rough,)  are  del'd  on  the  wharf  at 
Philada,  from  Port  Deposit,  Md,  by  MoClenahau  A  Bros,  at  $16  each. 
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The  Item  or  laying  will  be  much  Increased  ir  the  stone  hu  to  he  raised  to  great  height* ;  or  If  It  baa 
to  be  much  handled;  as  when  carried  la  scows,  to  be  deposited  in  water-piers,  Ac  Almost  every 
large  work  presents  certain  modifying  peculiarities,  which  niu*t  be  lert  to  the  judgment  of  the  engi- 
neer and  contractor.  The  percentage  of  contractors'  profit  will  usually  be  leas  on  large  works  than 
on  small  ones. 

Cost  of  ashlar  facing:  masonry.  If  the  stone  be  sandstone 

with  good  natural  beds*  the  getting  out  may  be  put  at  $3.00  per  coble  yard.  Face  dressing  at  26  cim 
per  sq  ft:  say  $3.84  per  oubio  yd.  Beds  and  joints  13  ets  per  sq  ft ;  say  $6.76  per  cub  yd.  The  neat 
cost,  laid,  $17.00. 

And  the  total  cost  of  larjre  well  scabbled  ranged 
sandstone  masonry  in  mortar,  may  be  taken  at  about  $10  per  cub  yd. 

Cost  of  large  seabbled  g-ranf te  rubble,  such  rs  is  generally  used  as 
backing  for  the  foregoing  ashlar ;  stones  averaging  about  5*£  cub  yd  each  .* 

Cost  per 
Labor  at  ftl  per  day.  ««°  yd  or 

masonry. 
Getting  oat  the  stone  from  the  quarry  by  blasting,  allowing  Jf  for  waste  In 

scabbliog;  l^eub  yds  at  $8.00 $3.43 

Hauling  I  mile,  loading  and  unloading '....  1.20 

Mortar ;  (*i  cab  ft,  or  1.6  struck  bushels  quicklime,  either  in  lump  or  ground ; 

and  10  cub  ft,  or  8  struck  bushels  of  sand,  or  gravel ;  and  mixing) 1.50 

Scabbling ;  laying,  including  scaffold,  hoisting  machinery ,  4c 2.50 

Neat  cost 8.63 

Profit  to  contractor,  say  15perot 1.30 

Total  cost 9.S3 

Common  rabble  of  small  Stones,  the  average  size  being  such  as  two 
men  can  handle,  costs,  to  get  it  out  of  the  quarry,  about  80  cts  per  yard  of  pile ; 
or  to  allow  for  waste,  say  $1.00.  Hauling  1  mile,  $1.00.  It  can  be  roughly  scab  Med, 
and  laid,  for  $1.20  more ;  mortar  as  foregoing,  $1.50.  Total  neat  cost,  $4.70 ;  or,  with 
15  per  ct  profit,  $5.40,  at  lite  above  wages  for  labor. 

With  smaller  Stones,  such  as  one  man  can  handle,  we  may  say,  stone  70  cts;  hauling  $1 ; 
laying  and  scaffold,  tool*  Ac,  $1 ;  mortar  $1.60.  Making  the  neat  cost  $4.2U;  or  with  16  per  ct  profit.  $4.8$. 
Neat  soabbled  irregular  range- work  costs  from  $2  to  $3  more  per  yd  than  rubble:  according  to  the  charac- 
ter of  the  stone  &c.  The  lay  Tog  of  thin  walla  costs  more  than  that  of  thick  ones,  such  as  abutments  &c* 

The  cost  of  plain  8  ineh  thick  ashlar  facings  for  dwellings  Ac  in 

Phllada,  in  1888,  is  about  ss  follows  per  square  foot  showing,  put  up,  including  everything.  Sand- 
stoue,  $1.50  to  $2.25.  Pennsylvania  marble,  $2.50.  New  England  marble,  $2.75  to  $3.15.  Granite, 
$2.25  to  $2.75.  If  6  ins  thick,  deduot  one-eighth  part.  First  Class  artificial  Stone 
could  be  made  and  put  up  at  one-third  the  price.  See  p  681.  9?Orth  River  bine  Stone 
flags,  8  ins  thick,  for  fbotwalks,  put  down,  including  gravel  Arc,  70  cts  per  sq  foot.    Belgian 

street  pavement,  with  gravel,  complete,  $3.50  per  sq  yard  in  Eastern  cities. 
When  dressed  ashlar  facing  is  backed  by  rubble,  the  expense  per  cub  yard  of  the 
entire  mass  will  of  course  vary  according  to  the  proportions  of  the  two.  Thus,  if 
ashlar  at  912  per  yd,  is  backed  by  an  equal  thickness  of  rubble  at  $5,  the  mean  cost 
will  be  ($12  +  $5)  -*-  2  =  $8.50 :  or  if  the  rubble  is  twice  as  thick  as  the  ashlar  then 
($12  -f  $5  -f  $5)  -?-  3  =  $7.33,  &c.  Such  compound  walls  are  weak  and 
apt  to  separate  in  time,  as  also  walls  of  cut  stone  backed  by  concrete,  or  by  brick ; 
from  unequal  settlement  of  the  two  parts. 

At  times  the  contractor  must  be  allowed  extra  la  opening  new  quarries;  in  forming 
short  roads  to  his  work  ;  in  digging  foundations;  or  for  pumpiug  or  otherwise  draining  them,  wIh-q 
springs  are  unexpectedly  met  with  ;  for  the  centers  for  arches,  &o;  unless  these  items  are  expressly 
included  in  the  contract  per  cub  yd. 

• 

For  quantity  of  masonry  in  walls  of  wells,  see  p  158. 
Approximate  cost  of  buildings  per  cnblc  foot,  at  Philada  prices 

in  1873 ;  including  every  cub  ft  of  spaoe  from  roof  to  cellar  floor.  Plain  brick  dwellings,  such  as  most 
of  those  in  Philada,  12  to  15  cts.  Better  class,  highly  finished  throughout,  15  to  18  cts.  First  class, 
with  cut  stone  fronts,  20  to  30  cts.  Plain  brick  churches,  public  schools,  oourt-houses,  theaters,  te 
IS  to  13  cts.  Ornate  Gothic  churches  with  much  cat  stone  facing,  30  to  45  ots,  exclusive  of  spire* 
Large  plain  briok  or  rubble  R  R  Hhops,  depots,  station-houxes,  Ac,  9  to  VI  ots;  or  with  ornamental 
flninh  and  best  materials,  15  to  '20  cts.  First  class  city  stores,  marble  fronts,  high  stories,  fire-proof, 
(so  called,)  throughout  to  roof;  best  materials  and  workmauship,  IS  to  26  ots. 

Small  bn ladings  cost  more  per  cab  ft  than  large  ones  of  the  same 

finish.    Also  isolated  or  corner  buildings,  cost  more  than  those  which  have  two  party-walls 

In  Philada  dwellings  of  brick,  the  carpentry  and  lumber  usnally  cost 
each  about  one-fourth  of  the  entire  building.    Memorial  Hall  of  theOentra- 

nlal  Buildings  cost  68  ots  per  oub  ft,  exclusive  of  iron  dome. 

•Tn  Philadelphia,  in  1888,  cellar  and  other  walls  of  rough  rubble,  tS  to  $4  per  perch  of  22  cub  ft  of 
wall.  Outside  walls  with  a  facing  of  broken  range  rock-work  of  saudstone,  (as  common  in  Gothlo 
ohurches.)  $5  to  $7  per  11  cob  ft,  including  everything. 
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Art.  I.  Mortar.  The  proportion  of  1  measure  of  quicklime,  either  in  ir- 
regular lumps,  or  ground  *  and  5  measures  of  sand,  is  about  the  average  used  for 
common  mortar,  by  good  builders  in  our  principal  Atlantic  cities;  aud  if  both 
materials  are  good,  and  well  mixed  (or  tempered)  with  clean  water,  the  mortar  is 
certainly  as  good  as  can  be  desired  for  such  ordinary  purposes  as  require  no  addi- 
tion of  hydraulic  cement.  The  bulk  of  the  mixed  mortar  will  usually  exceed  that 
of  the  dry  loose  sand  alone  about  %  part. 

Qiian  ti  #y  req  u  I  red.  20  cub  ft,  or  16  struck*  bushels  of  sand,  and  4  cub  ft,  or 

3.2  Htrack  bushels  or  quicklime,  the  mensuie*  slightly  shaken  in  both  oases,  will  make  abt  22}£  cub  ft  of 
mortar;  sufficient  to  iaj  1000  bricks  of  too  ordinary  average  sise  of  8)4  by  4  by  2  las,  with  the  coarse 
mortar  joint*  usual  in  interior  house- walls,  Taryingsay  from  %  to  H  inch.  With  such  joints,  1000 
suoh  brioks  make  2  cubic  yards  of  massive  work.  Nearly  one-third  of  the  mass  is  mortar.  For 
outside  or  showing  joints,  where  a  whiter  and  neater  looking  mortar  is  required,  house-builders  in* 
crease  the  proportion  of  lime  to  1  in  4,  or  1  in  S.  For  mortar  of  fine  screeued  gravel,  for  cellar-walls 
of  stone  rubble,  or  coarse  brickwork.  1  measure  of  lime  Jp  6  or  8  of  gravel,  is  usual ;  and  the  mortar 
is  good.  In  average  rough  massive  rubble,  as  in  the  foregoing  brickwork,  about  one-third  the  mass  is 
mortar:  eoosequently  a  cubic  yard  will  require  about  as  much  as  aOO  such  bricks ;  or  10  oubie  feet.  (8 
struck  bushels)  of  sand ;  and  2  cub  ft,  or  1.6  bushels  of  quicklime.    Superior,  well-soabbled  rubble, 

carefully  laid,  will  contain  but  about  \  of  Its  bulk  of  mortar ;  or  bH  cub  ft  sand,  and  1.1  cub'  ft  lime, 
per  cub  yard. 

For  public  engineering  works,  especially  in  massive  ones,  or  where  exposed  to  dampness,  an  addi- 
tion should  be  made  in  either  of  the  foregoing  mortars,  of  a  quantity  of  good  hyd 
eemenl,  equal  to  about  lA  of  the  lime;  or  still  better.  %  of  the  lime  should  be 
omitted,  and  an  equal  measure  or  cement  be  substituted  for  it.  If  exposed  to  water  while 
finite  m\ewj  use  little  or  no  lime  outside. 

With  bricks  of  8*4  by  4  by  2  ins,  the  following  are  the  quantities  of  mor- 
tar and  of  bricks  lor  a  cubic  yard  of  massive  work. 

Thickness  Proportion  of  Mortar  N<>.  <>!'  Uricks  No.  <>f  Bricks 

of  Joints.  in  the  whole  mass.  per  cub  yard.  per  cub  foot. 

|-incn  about    ^    ...; 638 23.63 

J    "      "        |    574 21.26 

522  19.33 


I" 

1     « 

*" 


<< 


475   17.60 

433  16.04 


In  estimating  for  bricks  in  massive  work,  allow  2  or  3  per  ct  for  waste ; 

and  in  common  buildings,  5  per  ct,  or  more.  Much  of  the  waste  is  incurred  in  outting  bricks  to  tit 
angles,  A».  In  Philadelphia  a  barrel  of  lump  lime  is  allowed  for  1000  bricks;  or  for  2  perches  (25  cub 
ft  each)  of  rough  oellar-waH  rubble.  Somewhat  less  mortar  per  1000  is  contained  in  thin  walls,  than 
In  massive  engineering  structures;  because  the  former  have  proportionally  more  outside  face,  which 
does  not  require  to  be  covered  with  mortar ;  but  thin  walls  involve  more  waste  while  building ;  so  that 
both  require  about  the  same  quantity  of  materials  to  be  provided.  Careful  experiments  show  ihst 
mortar  becomes  harder,  and  more  adhesive  to  brick  or  stone,  if  the  proportion  of  lime  is  increased. 
Hence,  on  our  public  works  the  proportion  of  one  measure  of  quicklime  to  3  of  sand,  is  usually  spec- 
ified, but  probably  never  u*ed. 

Lime  is  usually  sold  In  lump,  by  the  barrel,*  of  about  230  lbs  net, 

or  250  lbs  gross.  A  heaped  bushel  of  lump  lime  averages  about  75  lbs.  Ground  quicklime* 
loose,  averages  about  TO  lbs  per  struck  bushel ;  and  3  bushels  loose  just  All  a  common  flour  barrel ;  but 
from  3.5  to  3.75  bushels,  or  245  to  280  lbs  can  readily  be  compacted  into  a  barrel. 

General  remarks  on  mortar  and  lime.  On  too  great  a  pro- 
portion of  our  public  works,  the  common  lime  mortar  may  be  seen  to  be  rotten  and  useless,  where  it 
has  been  exposed  to  moisture ;  which  will  be  carried  by  the  capillary  action  of  earth  to  several  feet 
above  the  natural  surface;  or  as  far  below  the  artificial  surface  of  embaukments  deposited  behind 
abutments,  retaining- walls,  Ac.  The  same  will  frequently  be  seen  in  the  soffits  of  arches  under  em- 
bankments. Common  lime  mortar,  thvs  exposed  to  corutant  moitture,  will  never  harden  properly. 
Kven  when  very  old  and  bard,  it  absorbs  water  freely.     Cement  al*o  dote  to,  but  harden: 

Brickdust,  or  burnt  clay,  improves  common  mortar ;  and  makes  it  hydraulic. 
In  localities  where  sand  cannot  be  obtained,  burnt  clay,  ground,  may  be  substituted ;  and  will  gen- 
erally give  a  better  mortar. 

Protection  of  quicklime  from  moisture,  even  that  of  the  air,  is 
absolutely  essential,  otherwise  it  undergoes  the  process  of  air-slacking,  or 

*  Price  of  quicklime  in  lump  in  Philadelphia,  about  25  cts  per  bushel.  Bar. 
sand  SI. 40  per  cubic  yard.    J.  Hex  Allen,  1319  Washington  Ave. 
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spontaneous  slacking,  by  which  it  become*  reduced  to  powder  as  when  Mucked  by  water  ax  usual 
bat  without  heating,  and  with  but  little  swelling.  As  this  air  slacking  require!!  front  a  few  months  u 
a  year  or  more,  depending  on  quality  and  exposure,  it  given  the  lime  time  to  absorb  sufficient  caibonie 

acid  from  the  air  to  injure  or  destroy  its  efficacy.  But  quicklime  will  keep 
good  ff»r  a  long  time  if  first  ground,  and  then  well  packed  in  air-tight 

barrels.  The  grinding  also  breaks  down  refractory  particles  fonnd  in  all  limes,  aud  which  injure  the 
mortar  by  not  slacking  until  it  has  been  made  and  used.  For  the  same  reason  it  is  better  that  Ubm 
should  not  be  made  into  mortar  as  soon  as  it  is  slacked,  bat  be  allowed  to  remain  slacked  for  a  day  er 
two  (or  even  several)  protected  from  rain,  sun,  and  dust. 

Lime  slacked  in  great  balk  may  char  or  even  set  fire  to  wood. 

Li uie  paste  and  mortar  will  keep  for  years,  and  improve,  if  well 

buried  In  the  earth.  Also  for  months  if  merely  covered  In  heaps  under  shelter,  with  a  thick  layer  or 
■and.    The  paste  ■brinks  and  cracks  in  drying ;  but  the  sand  in  mortar  prevents  this. 

As  approximate  averages  varying  much  according  to  the  character  and 
degree  of  burning  of  the  limestone;  and  to  the  fineness  or  coarseness  of  the  sand,  one  measure  of 
good  quicklime,  either  in  lump,  or  ground;  if  wet  with  about  J4  a  measure  of  water,  will  within  less 
than  an  hour,  slack  to  about  1  measures  of  dry  powder.  And  if  to  this  powder  there  be  added  about 
%  more  measures  of  water,  and  3  measures  of  dry  sand,  and  the  whole  thoroughly  mixed,  the  result 
will  be  about  3 %  measures  of  mortar.  Or  the  same  slacked  dry  powder,  with  about  1  measure  of 
water,  and  5  measures  of  sand,  will  make  about  5*4  measures  of  mortar.  In  both  oases  the  bulk  of 
the  mortar  will  be  about  %  part  greater  than  that  of  the  dry  sand  alone.  If  %  of  a  measure  of  water 
be  used  for  slacking,  the  result,  instead  of  a,  dry  powder,  will  be  about  \%  measures  of  stiff  paste ;  or 
with  1  whole  measure  of  water  for  slacking,  the  result  will  be  about  \\i  measures  of  thin  paste,  of 
about  the  proper  consistence  for  mixing  with  the  sand.  Very  pure,  fat  limes,  alack  quickly,  and  make 
about  from  2  to  S  measures  of  powder ;  while  poor,  meagre  ones,  require  more  time,  and  swell  less- 
Slow  slacking,  and  small  swelling,  in  case  the  lime  has  been  properly  burnt,  are  not  in  general  bad 
properties ;  but  on  the  contrary,  usually  indicate  that  it  is  to  some  extent  hydraulic  In  this  ease  it 
makes  a  better  mortar ;  especially  for  works  exposed  to  moisture,  or  to  the  weather.  Tery  pure  limes 
are  the  worst  of  all  for  suoh  exposures ;  or  are  bad  weather-Umee ;  and  in  important  works,  should 
never  be  used  without  oement. 

Shell  lime  appears  to  be  about  the  same  as  that  from  the  purest  limestones; 

but  that  from  chalk  is  still  more  inferior,  and  will  not  bear  more  than  about  1  \i  measures  of  sand ; 
its  mortar  never  beoomes  very  hard.  Madrepores  (commonly  called  coral)  appear  to  furnish  a  lime 
intermediate  between  those  or  ohalk  and  limestone.    They  require  to  be  but  moderately  burnt. 

The  average  weight  of  common  hardened  mortar  is  about  105  to  115  lbs 

per  cub  ft. 

Grout  is  merely  common  mortar  made  so  thin  as  to  flow  almost  like  cream. 
It  is  intended  to  fill  interstices  left  in  the  raortar-joincn  of  rough  masonry ;  but  unless  it  contains  a 
large  amount  of  oement,  it  is  probably  entirely  worthless;  since  the  great  quantity  of  water  injures 
the  properties  of  lime;  and  moreover,  its  ingredients  separate  from  each  other;  the  sand  settling  be- 
low the  lime.  Besides  this,  it  will  never  harden  thoroughly  in  the  interior  of  thick  manses  of  ma- 
sonry ;  indeed,  the  same  may  probably  be  said  of  any  common  lime  mortar.  In  such  positions,  it  has 
been  found  to  be  perfectly  soft,  after  the  lapse  of  many  years. 

Both  the  sand  and  the  water  for  lime  mortar,  should  be  free  from  elajr  and 
salt.  The  clay  may  be  removed  by  thorough  washing;  but  it  is  extremely  dif- 
ficult to  get  rid  of  the  salt  from  seashore  sand,  even  by  repeated  washings.  Enough  will  generally 
remain  to  keep  the  work  damp,  and  to  produce  efflorescences  of  nitre  on  the  surface ;  whether  with 
lime,  or  with  oement  mortar.    Slscking  by  salt  water  gives  less  paste  than  fresh. 

Mortar  should  not  be  mixed  upon  the  surface  of  clayey  ground ;  but  a  rough  board,  brick,  or  stone 
platform  should  be  interposed.  Pit  sand  sifted  from  decomposed  gneiss,  and  other  allied  rocks.  Is  ex- 
cellent for  mortar ;  its  sharp  angles  making  with  the  lime  a  more  coherent  mass  than  the  rounded 
([rains  of  river  or  sea  sand.  Mortar  should  be  applied  wetter  in  hot  than  in  cold  weather;  especially 
n  brickwork ;  otherwise  the  water  is  too  much  absorbed  by  the  masonry,  and  the  mortar  is  thereby 
injured. 

The  tenacity,  or  cohesive  strength,  that  is,  the  resistance  to  a  pull 

of  good  common  lime  mortar  of  the  usual  proportions  of  lime  and  sand,  and  6  months  old.  Is  about 
from  15  to  30  lbs  per  sq  inch ;  or  .96  to  1.9  tons  per  sq  ft.  With  leas  sand,  or  with  greater  age,  it  will 
be  stronger. 

The  crushing*  strength  of  good  common  mortar  6  months  old  is  from  150 

to  300  lbs  per  sq  inch,  or  9.7  to  19.3  tons  per  sq  foot. 

The  sliding  resistance,  or  that  which  common  mortar  opposes  to  any 

force  tending  to  make  one  course  of  masonry  slide  upon  another,  is  stated  by  Roudelet,  to  be  but  5  m 
per  sq  inoh ;  or  about  one  third  of  a  ton  per  sq  ft,  in  mortar  6  months  old. 

Transverse  strength  of  good  common  mortar  6  months  old.    A  bar  1 

Inch  square  and  12  ins  clear  spau,  breaks  with  a  center  load  of  4  to  8  hi. 

The  lime  in  mortar  decays  wood  rapidly,  especially  in  close, 

damp  situations.  Stilt  the  soaking  of  timber  for  a  week  or  two  in  a  solution  of  quicklime  In  water 
appears  to  act  as  a  preservative.  Iron,  so  completely  embedded  In  mortar  as  to  exclude  air  and 
moisture,  baa  been  found  perfect  after  1400  year* ;  but  If  the  mortar  admits  moisture  the  Iron  decays. 
So,  probably,  with  other  metals. 

The  adhesion  to  common  bricks,  or  to  rongh  rn bble  at  any 

age  will  average  about  H  of  the  cohesive  strength  at  the  same  age;  or  say  12  to  24  lbs  per  sq  inch,  or 
.75  to  1.5  ton  per  tq  ft  at  6  months  old.  If  care  be  taken  to  exclude  dust  entirely,  bv  dipping  each 
brick  into  water  before  laying  it,  or  br  sprinkling  the  stone  by  a  hose,  4c,  the  adhesion  will  be  la- 
creased.  On  the  other  hand,  much  dust  may  almost  prevent  any  adhesion  at  nil.  The  preeantlea  of 
wet  tin*  in  especial  It  necessary  in  very  hot  weather,  to  prevent  the  warm  bricks  or  stone  from  MO* 
In*  the  mortar  by  th*  rapid  absorption  and  evaporation  of  its  water.  The  sdhasjam  to  f  erj 
smooth  hard  pressed  bricks*  or  to  smoothly  dressed  or  sawed  stone  i*  coiisldernblT  less. 
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Art.  8.    Brick*,  slse,  wt,  Ac*    A  common  size  in  our  eastern  cities  is 

sboot  8.25  X  4  X  2  ins ;  whioh  is  eqaal  to  66  cub  ins ;  or  26.2  bricks  to  a  eub  ft ;  or  70T  bricks  to  a  cub 
yard.    For  the  number  required  with  mortar,  see  table,  p  669. 

In  ordering  a  large  number  a  minimum  limit  of  dimension  should  be  specified  in  order  to  prevent 
fraud.  A  brick  W  inch  le«a  each  way  tban  the  above,  contains  but  52.5  cub  ins ;  thus  requiring  full 
35  per  cent  more  bricks  to  do  the  same  work  ;  in  addition  to  '25  per  ct  more  cost  for  laying,  wbioh  is 
generally  paid  for  by  the  1000. 

The  weight  of  a  (rood  common  brick  of  8.25  X  4  X  2  ins,  will  aver- 
age about  4.5  lbs ;  or  1 18  lbs  per  cub  ft  =  8186  fcs  or  1.42  tons  per  enb  yard ;  or  8.01  toaa  per  1000. 

A  good  pressed  brick  of  the  same  size  will  average  about  5  tbs,  =  131  fibs 
per  cub  ft  =  3537  lbs  or  1.58  tons  per  cub  yd ;  or  2.23  ton*  per  1000. 
Immersed  in  water,  either  of  them  will  in  a  few  minutes  absorb  from 

H  to  ft  lb  of  water ;  the  last  being  about  ^  of  the  weight  of  a  hand  moulded  one ;  or  |-  of  its  own 

balk.  Since  the  weight  of  hardened  mortar  averages  but  little  less  than  that  of  good  common  brick, 
we  may  for  ordinary  calculations  assume  the  weight  of  suob  brickwork  at  1.4  tons  per  cub  yard :  l.S 
tons  per  perch  of  25 eub  ft;  or  116  lbs  per  cnb  ft;  or  for  machine-moulded,  at  1.56  tons  per  cub  vd; 
1.44  tons  per  perch ;  or  129  lbs  per  cub  ft. 

Allowing  for  the  usual  waste  in  cutting  bricks  to  fit  corners,  jambs,  Ac,  the  average  number  of 
8X  X  4  X  ft,  repaired  per  ao.  foot  of  wall  is  as  follows : 

ThlekneM  of  Wall.  No.  of  Brfeka. 

8&iu*,orl  brick 14 

12%  "     or  IH  '•    21 

17      "     or2      "     28 

21«"     or»*i"     35 

J5Jf"     or3     ■•    42 

Laytag  per  4aj«  ■  bricklayer,  wita  a  laborer  to  keep  htm  supplied  with  materials,  will  la 
•oofflon  house  wsllOay  on  an  average  about  1500  bricks  per  day  of  10  working  hours.  In  the  neater 
outer  faces  of  back  buildings,  from  1000  to  1200 ;  in  good  ordinary  street  fronts,  800  to  1000 ;  or  of  the 
very  finest  lower  story  faces  need  in  street  fronts,  from  150  to  800,  depending  on  the  number  of  angles, 
Ac.  In  plain  massive  engineering  work,  he  should  average  about  2000  per  day,  or  4  cub  yds ;  and 
In  large  arches,  about  1500,  or  8  oub  yds.t 

Since  bricks  shrink  about  yV  part  of  each  dimension  In  drying  and  burning,  the  moulds  should  be 
•bout  -J-w  part  larger  every  way  than  the  burnt  brick  is  intended  to  be. 

Good  well-burnt  bricks  will  ring  when  two  are  struck  together. 

At  the  brick-yards  about  Philadelphia,  a  brick-moulder's  work  Is  2383  bricks  per  day ;  or  14000  per 
week.  He  is  assisted  by  two  boys,  one  of  whom  supplies  the  prepared  day,  moulding  sand,  and 
water ;  while  the  other  carries  away  the  bricks  as  they  are  moulded.  A  fourth  person  arranges  them 
In  rows  for  drying.  About  %  of  a  eord,  or  96  cub  ft  of  wood,  is  allowed  per  1000  for  burning.  Where 
eoal  Is  used,  the  kilns  are  fired  up  with  anthracite,  and  the  finishing  is  done  with  bituminous.  One 
ton  of  coal,  in  all,  makes  4500  brieks. 

Pavlnjr  With  brick.  In  our  cities  this  Is  done  over  a  6-inch  layer  of  gravel,  whioh 
should  be  free  from  clay,  and  well  consolidated.  With  bricks  of  8^X4X2  ins,  with  joints  of  from  % 
to  %  inoh  wide,  a  sq  yard  requires,  flatwise,  as  is  usual  in  streets,  38  brioks;  edgewise,  73 ;  endwise, 
149.  An  average  workman,  with  a  laborer  to  supply  the  bricks  and  gravel,  will  in  10  hours  pave  about 
9000  bricks;  or  53  sq  yds  flat,  27  edgewise,  13  endwise.    When  done,  sand  Is  brushed  into  the  joints. 

Art.  3.  The  Crushing'  Strength  Of  brlchS  of  course  varies  greatly.  A 
rather  soft  one  will  crash  under  from  450  to  600  lbs  per  sq  Inch ;  or  about  30  to  40  tons  per  «q  ft :  while 
a  first-rate  machine-pressed  one  will  require  about  200  to  400  tons  per  square  foot.  This  last  Is 
about  the  crushing  limit  of  the  best  sandstone ;  J^as  much  as  the  best  marbles  or  limestones ;  and  % 
as  much  as  the  best  granites,  or  roofing  slates.  But  masses  of  brickwork  crush  under  much  smaller 
loads  than  single  bricks.  In  some  English  experiments,  small  cubical  masses  only  9  inches  on  each 
edge,  laid  in  cement,  crushed  under  27  to  40  tons  per  sq  ft.  Others,  with  piers  9  ins  square,  and  2  ft 
S  Ins  high,  in  cement,  only  two  davs  after  being  built,  required  44  to  62  tons  per  sq  ft  to  crush  them. 
Another,  of  pressed  brick,  in  best  Portland  oement,  is  saM  to  have  withstood  202  tons  per  sq  ft;  and 
with  common  lime  mortar  only  %  as  much.    See  page  436. 

It  must,  however,  be  remembered,  that  cracking  and  splitting  usually  commence  under  about  one- 
half  the  crushing  loads.  To  be  safe,  the  load  should  not  exceed  H  or  j-1^  of  the  crushing  one ;  snd 
•o  with  stone.  Moreover,  these  experiments  were  made  upon  low  masses ;  but  the  strength  decreases 
with  the  proportion  of  the  height  to  the  thickness. 

The  pressure  at  the  base  of  a  brick  shot-tower  in  Baltimore,  246  feet  high,  is  estimated  at  6J*  tons 


The  PeerleAS  Brick  €©,  offlee  No.  IOCS  Walnut  8t,  Philada.  make  superb  smooth 
(not  shining)  brioks  of  various  shapes  and  colors  (as  white,  black,  gray,  buff,  brown,  red,  Ac)  for 
ornamental  architectural  purposes.  Their  standard  size  is  8H  X  4Jtf  X  %%  =  82  cub  ins,  or  yA  larger 
than  the  above  8^  X  4  X  2  ins.  -The  color  exteuda  throughout  the  body  of  the  brick.  With 'a  few 
of  these  judiciously  distributed  among  common  bricks,  beautiful  architectural  effects  may  be  pro- 
duced, both  Indoors  and  out,  at  far  lesa  cost  than  in  stone.  For  prices  and  illustrated  catalogue, 
address  as  above. 

The  same  Co  will,  if  a  sufficient  order  is  given,  furnish  voussoir  brioks  for  specified  radii,  but  of 
the  quality  and  finish  of  ordinary  rood  hard  brick,  at  from  25  to  50  per  ct  advance  on  prevailing 
market  rates  of  common  plain  one*. 

*  Prleee  in  Philada  in  1888.  Bricks  atone  t  Salmon,  or  soft,  |7  per  1000.  Hard  brick,  $10. 
Rack  stretchers  (generally  used  for  the  facings  of  back  buildings,  Jco),  914  Paving  brick,  $14. 
Pressed,  (For  lower  stories  of  first-class  fronts,)  $26. 

t  Brleklarflliff  }  Including  mortar ;  averaging  an  entire  dwelling.  $7  per  1000.  Best  pressed  brick i 
In  first-class  fronts,  $15.    "Tuck"  fronts,  laid  with  steel  wire,  special 
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per  sq  ft;  and  la  a  brick  chimney  at  Glasgow,  Scotland,  468  feet  high,  at  9  ton*.  Professor  Bankine 
calculates  that  in  heavy  gales  this  is  increased  to  15  tuns,  on  the  leeward  side.  The  walls  of  both  ar* 
of  course  much  thicker  at  bottom  than  at  top.  With  walls  100  feet  high,  of  uniform  thickness,  the 
pressure  at  base  would  be  5.4  tons  per  sq  ft. 

With  our  present  imperfect  knowledge  on  this  subject,  it  cannot  be  considered  safe  to  expose  eve* 
first-class  pressed  brickwork,  in  cement,  to  more  than  12  or  15  tons  per  sq  ft;  or  good  hand-moulded, 
to  more  than  two-thirds  as  much. 

Tensile  strength  of  brick,  40  to  400  lbs  per  sq  inch ;  or  2.6  to  26  tons  per  aq  ft 
The  En  it  Huh  rod  of  brickwork  is  306  cub  feet,  or  11^  cub  yards;  and 

quires  about  4500  bricks  of  the  English  standard  sin ;  with  about  76  cub  ft  of  mortar.    The  Bai 


requires  about  4500  bricks  of  the  English  standard  sin ;  with  about  76  cab  ft  of  mortar.    The  Bagtisa 
hundred  of  Urn*,  is  a  cub  yd, 

Frosen  mortar*  There  is  risk  in  using  common  mortar  In  cold  weather.  If  the  coM 
should  continue  long  enough  to  allow  the  frosen  mortar  to  set  well,  the  work  may  remain  safe ,  but  it 
a  warm  daj  should  occur  between  the  freezing  and  the  settiog  or  the  mortar,  the  sun  shining  on  one 
*lde  of  the  wall  may  melt  the  mortar  on  that  side,  while  that  on  the  other  ride  may  remain  frozen 
hard.  In  that  case,  the  wall  will  be  apt  to  fall ;  or  if  it  does  not,  it  will  at  least  always  be  weak ;  for 
mortar  that  has  partially  set  while  frosen,  if  then  melted,  will  never  regain  Its  strength.  By  the 
writer's  own  trials  hydrsulio  cements  seemed  not  to  be  injured  by  freesing. 

Experiments  for  rendering  brick  masonry  Impervious  to 

Water.     Abstract  or  a  paper  read  before  the  American  Society  of  Civil  Engineers,  May  4, 1870, 
by  William  L.  Dearborn,  Civil  Engineer,  member  or  the  Society. 

The  face  walls  or  the  Bsck  Bay*  or  the  Gate-houses  or  the  new  Croton  reservoir,  located  north 
or  Eighty-sixth  Street,  in  Central  Park,  were  built  nr  the  best  quality  or  bard-burnt  briok :  laid  in 
mortar  composed  of  hydraulic  cement  of  New  York,  and  sand  mixed  in  the  proportion  or  one  measure 
of  cement  to  two  or  sand.  The  spsoe  between  the  walls  is  4  ft :  and  was  filled  with  concrete.  The  face 
walls  were  laid  up  with  great  care,  and  every  precaution  was  taken  to  have  the  joints  well  filled  and 
insure  good  work.  They  are  IS  ins  thick,  and  40  ft  high ;  and  the  Bays  when  full  geuerally  have  M  ft 
of  water  in  them. 

When  the  reservoir  was  first  filled,  and  the  water  was  let  Into  the  ftate-hoases.  it  was  found  to  filter 
through  these  walls  to  a  considerable  amount.  As  soon  as  this  was  discovered,  the  water  was  drawn 
out  or  the  Bays,  with  the  intention  of  attempting  to  remedy  or  prevent  this  infiltration.  After  care- 
fully considering  several  modes  of  accomplishing  the  object  desired,  I  came  to  the  conclusion  to  try 
"  Sylvester's  Process  for  Repelling  Moisture  from  External  Walls." 

The  process  consists  in  using  two  washes  or  solutions  for  covering  the  surface  of  brick  walls;  one 
composed  or  Castile  soap  and  water ;  and  one  or  alum  and  water.    The  proportions  are :  three-qaar- 
ters  of  a  pound  of  soap  to  one  gallon  of  water;  and  half  a  pouud  of  alum  to  four  gallons  of  water 
both  substances  to  be  perfectly  dissolved  in  the  water  before  being  used. 

The  walls  should  be  perfectly  clean  and  dry ;  and  the  temperature  of  the  air  should  not  be  below 
50  degrees  Fahrenheit,  when  the  compositions  are  applied. 

The  first,  or  soap  wash,  should  be  laid  on  when  at  boiling  heat,  with  a  fiat  brush,  taking  care  not 
to  form  a  froth  on  the  briokwork.  This  wash  should  remain  twenty-four  hours ;  so  as  to  oecome  dry 
and  hard  before  the  second  or  alum  wash  is  applied ;  which  should  be  done  in  the  same  manner  as 
the  first.  The  temperature  or  this  wash  when  applied  may  be  60°  or  70° ;  and  it  should  also  remain 
twenty-four  hours  before  a  second  ooatof  the  soap  wash  is  put  on ;  and  these  coats  are  to  be  repeated 
alternately  until  the  walls  are  made  impervious  to  water. 

The  alum  and  soap  thus  combined  form  an  insoluble  compound,  filling  the  pores  of  the  masonry, 
and  entirely  preventing  the  water  from  penetrating  the  walls. 

Before  applying  these  compositions  to  the  walls  or  the  Bays,  some  experiments  were  made  to  test 
the  absorption  or  water  by  bricks  under  pressure  after  being  covered  with  these  washes,  in  order  is 
determine  how  many  coats  the  wall  woold  require  to  render  them  impervioas  to  water. 

To  do  this,  a  strong  wooden  box  was  made,  put  together  with  screws,  large  enough  to  hold  i  bricks; 
and  on  the  top  was  inserted  an  iuch  pipe  forty  feet  long. 

In  this  box  were  placed  two  bricks  after  being  made  perfectly  dry,  and  then  covered  with  a  coat  of 
each  or  the  washes,  as  before  directed,  and  weighed.  They  were  then  subjected  to  the  pressure  of  a 
column  or  water  40  feet  high ;  and,  after  remaiuing  a  sufficient  length  or  time,  they  were  taken  out 
and  weighed  again,  to  ascertain  the  amount  or  water  they  had  absorbed. 

Tbe  bricks  were  then  dried,  and  again  coated  with  the  washes  and  weighed,  and  subjected  to  press- 
ure as  before :  and  this  operation  was  repeated  until  the  bricks  were  found  not  to  absorb  any  water. 
Four  coatings  rendered  the  bricks  impenetrable  under  the  pressure  or  40  ft  head. 

The  mean  weight  or  tbe  brioks  (dry)  before  being  coated,  was  3%  lbs;  the  mean  absorption  was 
one-hair  pound  or  wster.     An  hydrometer  was  used  In  testing  tbe  solutions. 

As  this  experiment  was  made  in  the  rail  and  winter.  (1863.)  after  tbe  temporary  roefa  were  paten 
to  the  Gate-house,  artificial  heat  bad  to  be  resorted  to,  to  dry  the  walls  and  keep  the  air  at  a  proper 
temperature.  The  cost  was  10.06  cts  per  sq  ft.  As  soon  as  the  last  coat  had  become  bard,  the  water 
wns  let  into  the  Bars,  and  the  walls  were  found  to  be  perfectly  impervioas  to  water,  and  they  still 
remain  so  in  1870,  after  about  %%  years. 

Ruck  arch  (footway  or  Hioh  Bbidok).  The  brick  arch  of  the  footway  of  High  Bridge  Is  the 
arc  of  a  circle  29  ft  6  in  radius ;  and  is  IX  in  thick ;  the  width  on  top  Is  17  ft;  and  the  leawth  severed 
wtis  1S81  ft. 

Tbe  first  two  courses  or  the  brick  or  the  arch  are  composed  or  tbe  best  hard-burnt  brick,  laid  edge- 
wise'in  mortar  oom posed  or  one  part,  bv  measure,  or  hvdraulio  cement  of  New  York,  and  two  parts 
nr  sand.  The  top  or  these  brioks,  snd'the  inside  of  the  granite  coping  against  which  the  two  tap 
c»urses  or  briok  rent  wss,  when  they  were  perfectly  dry,  covered  with  a  coat  of  asphalt  one-half  aa 
inch  thick,  laid  on  when  the  asphalt  was  heated  to  a  temperature  of  from  380°  to  518°  Fahrenheit. 

On  top  or  this  was  laid  a  course  of  briok  flatwise,  dipped  in  asphalt,  and  laid  when  the  asphalt  was 
hot;  and  tbe  joints  were  run  full  of  hot  asphalt. 

On  top  of  this  a  course  or  pressed  briok  was  laid  flatwise  in  hydraulic  oement  mortar,  forming  the 
paving  and  floor  of  the  bridge.  This  asphalt  was  the  Trinidad  variety :  and  was  mixed  with  10  per 
cent,  by  measure,  or  coal  tar :  and  25  per  cent  of  sand.  A  few  experiments  for  tasting  the  strength 
of  this  asphalt,  when  used  to  cement  brioks  together,  were  made,  and  two  of  them  are  given  below. 

Six  brioks,  pressed  together  flatwise,  with  asphalt  joints,  were,  after  lying  six  months,  broken. 
Tbe  distance  between  the  supports  was  VI  ins  :  breaking  weight,  000  lbs;  area  of  single  joint,  tt^sq 
ins.    The  asphalt  adhered  so  strongly  to  the  briok  as  to  tear  away  tbe  surface  in  many  pla 


J 


CEMENT,   CONUKETE,    ETC.  673 


The  will 

It*  «flloreae«ic 

i,  especially  on  the 

fa  due  to  tta. 

>  pretence  of  no  Indie  i 
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which  is  then  collected,  moulded,  dried,  Wnt,  u— Jl  Port- 

l»Dii  in  that  made  from  liim-siunc.  or  other  matertal  of  very  rare  occurrence, 

Wf>la!bt.nl'c«MnU.p.3K3.  JSaTlnr'it'ortlami.iiliiiiitlJOIbfl.  per  struck  bushel. 

■g  11  Brre lr— , Mi  IlIM,  oopper,  and  hru;  ud  thai  Planter  *f  Part,  prater***  ill  elotpt 
lr.,Li.  vtihod  ,t  rum  HH'tal  nnhii  nj'utied.     Unu>*n«rtar  ur.baluy  ]«*«■■  all  ol  lh«m, 

ProlMllo*  tr.-io  Mr 


•Price*  Of  hyd  cements  in  1'hilada,  1888,  by  the  large  Importing  Arm  uf 
Samuel  H  French  t  On,  cortMf  of  fort    arenaa  md  OtHawhill  St.    Bullish 

Portland  foment,  J2.30tuS3.00  per  barrel  of  about  400  tr*  groee;  eocording  te 

quality  and  quantity.     Germnn  PortlninJ.  S2  '.<■  t,,  S-j.vd  t„-r  tierrel  of  about 

40t)  ft.  gruee.    Baylor's  Ameriem  PnrilHud.  : 

WOlbegroH.  B— endalo,  par  barrel  of  about  301'  *-  - 

I'.  S.  cements,  par  barrel  of  about  300 1«  net,  I 

clned  plaster  or  Pari*  :  Hi-1rct«-rt,  barrel  "1"  Wo  ft.  net,  fi. 

•Jommeretnl.  barrel  of  about  5  DO  It*  net,  Si.'j-i  to  ¥!.*(>. 

American  Improved  Cflniatl  Co.,  Kprypt,  Pa.,  office  ! 

Pbila.,  make  a  Olant "  Portland,     Price  per  barrel  of  100  At,  net,  *2.1G 

"  Improved  Union."  ■  '■      800      "  1.4C 

"Union-  "  "     300      "  1.K 

See  "Mr.  Bitot  C.  Clarke,"  p.  878. 
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appreciably  deteriorate  for  six  months ;  but  after  14  or  16  months,  Gillmore  sajs  it  is  unfit  for  use  In 
important  works.  But  in  lumps,  kept  dry,  it  will  remain  good  for  2  or  3  years;  and  may  be  ground 
as  required  for  use. 

Good  Portland  cement  Is  stated  by  good  authority  rather  to  improve  by  free  exposure  to  the  air 
under  cover;  but  whether  this  is  correct  or  not,  we  cannot  say. 

Restoration  by  reburningr  may  be  effected.  If  the  injured  ground  ce- 
ment is  spread  in  a  thin  layer,  on  a  red-  hot  iron  plate,  for  about  15  minutes,  its  good  qualities  trill  be 
in  a  great  measure  restored.  The  time  should  be  ascertained  by  trial.  If  it  has  been  actually  wet, 
and  lumpy,  or  cemented  into  a  mass.  It  should  first  be  broken  into  small  pieces,  and  then  ground.  Or 
these  pieces  may  be  first  kiln-burnt  at  a  bright  red-heat  for  about  l\i  bourse  and  then  ground. 

Art.  5.  For  rouffhcastlns;,  or  stuccoing  the  outside  of  walls,  very  few 
hydraulio  cements  are  fit.  Mr.  Downing,  in  his  work  on  "  Country  Houses."  excepts  that  from  Berlin, 
Connecticut,  as  the  only  one  within  his  extended  knowledge,  that  is  suitable.  Portland  oementis 
said  to  be  good  for  that  purpose.  A  wall  with  a  northern  exposure  in  Pbilada  was  coated  with  it  in 
I860 ;  and  appears  to  be  in  perfect  condition  in  1880.    . 

Quantity  required.  A  barrel  of  cement,  300  lbs;  and  2  barrels  of  sand,  (6 
bushels,  or  7M  oub  ft;)  mixed  with  about  X  a  barrel  of  water,  will  make  about  8  oub  ft  of  mortar, 
sufficient  for 

192  sq  ft  of  mortar-Joint  H  inch  thick  =  21 H  ■Q  yard*. 

384  "       "       '*  "*      "      \L     "         "      ~  4244  "       ** 

768  "      "      "         "      M    "        "     =  86  X  "      " 
Or,  to  lay  1  cubic  yard,  or  522  brioks  of  %\i  by  4.  by  2  ins,  with  joints  %  inch  thick;  or  a  oabio  yard 
of  roughly  scrabbled  rubble  stonework.    The  quantity  of  sand  may  be  Increased,  however,  to  3  or  * 
measures  tor  ordinary  work. 

Pointing  mortar.  Gen  GiUmore  recommends  *'l  part  by  weight  of  good 
oenient  powder,  to  3  or  SK  parts  of  saodt  To  be  mixed  under  shelter,  and  In  quantities  of  only  2  or 
S  pints  at  a  time,  using  very  little  water,  so  that  the  mortar,  when  ready  for  use.  shall  appear  rather 
incoherent,  and  quite  deficient  in  plasticity.  The  joints  being  previously  scraped  out  to  a  depth  of 
at  least  H  an  inch,  the  mortar  is  put  in  by  the  trowel ;  a  straightedge  being  held  just  below  the  joint, 
if  straight,  as  an  auxiliary.  The  mortar  is  then  to  be  well  calked  into  the  joint  by  a  ealking- 
iron  and  hammer;  then  more  mortar  is  put  in,  and  calked,  until  the  Joint  is  full.  It  is  then  rubbed 
and  polished  under  as  great  pressure  as  the  mason  can  exert.  If  the  Joints  are  very  fine  they  should 

be  enlarged  by  a  stonecutter,  to  about  ■Ar  inch,  to  receive  the  pointing.  The  wall  should  be  well  wet 
before  the  pointing  is  put  in,  and  kept  in  snoh  condition  as  neither  to  give  water  to,  nor  take  It  from  the 
mortar.  In  hot  weather,  the  pointing  should  be  kept  sheltered  for  some  days  from  the  ran,  ao  aa  not 
to  dry  too  quickly."    Why  not  finish  Joints  at  onee.  without  subsequent  pointing  f     Author. 

Art.  6.*  Color  is  no  indication  of  strength  in  hyd  cements.  The  liner 
they  are  grronnd  the  better.    At  least  90  per  ct  should  pass  through  a 

sieve  of  50  meshes  per  lineal  inob,  of  Wire  No  35  Anier  wire  gauge  (.0066  inch  thick) ;  or  2fi0»  meshes 
per  sq  inch.  Weljrht  is  a  good  indication  when  equally  well  ground.  A  flat 
oake  of  good  cement  paste  placed  in  water  as  soon  as  it  admits  of  so  doing  safely,  and  left  In  it  Aw  a 

week,  should  show  no  cracks.  New  cement  is  not  as  good  as  when  a  few 
weeks  old.    The  term  Setting  does  uot  imply  that  the  cement  has  hardened 

to  any  great  extent,  but  merely  that  it  has  ceased  to  be  patty  and  has  beoome  brittle.  Quick  setting 
cements  may  do  this  sufficiently  to  allow  small  experimental  samples  to  be  lifted  and  handled  care- 
fully within  five  to  thirty  minutes;   while  others  may  require  from  one  to  eight  or  more  hours. 

Slow  setting;  does  not  indiente  inferiority,  for  many  of  the  very 

best  are  the  slowest  setting.  A  layer  of  very  quick  setting  oenient  may  partially  set.  especially  in 
warm  weather,  before  the  masonry  is  properly  lowered  and  adjusted  upon  it,  and  any  eUatnroaaoB 
after  setting  has  commenced  is  prejudicial.  Such  are  to  be  regarded  with  suspicion,  and  sub- 
mitted to  longer  tents  than  slow  ones.  Still,  quick  setting  ones  are  best  in  certain  eases,  as  when 
exposed  to  running  water,  Ac.   They  may  be  rendered  slower  by  adding  a  bulk  of  lime  paste  equal  to  ft 


or  15  per  ot  of  the  cement  paste,  without  weakening  them  seriously.    Aa  a  general  rale  cements 

set  and  harden  better  in  water  than  in  air,  especially  in  warm 

weather.  If,  however,  the  temp  for  the  first  few  days  does  not  exceed  65°  to  66°  Pah,  there  seems  to 
be  no  appreciable  difference  in  this  respect;  but  in  warm  air  cement  driet  instead  of  tetting.  and  thai 
loses   most  of  its    strength.    In   hot   weather  every  precaution*  should   be   used   against  this. 

The  time  reqd  to  attain  the  greatest  hardness  is  many  years,  but 

after  about  a  year  the  increase  is  usually  very  small  and  slow,  especially  with  ueat  cement.  Mere- 
over,  any  subsequent  increase  is  a  matter  of  little  importance,  because  generally  by  that  time,  and 
often  muoh  sooner,  the  work  is  oompleted  and  exposed  to  its  maximum  strains.  Sand  retards 
setting*  and  weakens  the  cement  paste.  But  although  with  sand  the  strength  of  the  mortar  may 
never  attain  to  that  of  the  neat  paste,  yet  It  increases  with  age  In  a  greater  proportion ;  so  that  a 
neat  paste  which  at  the  end  or  a  year  would  be  but  twioe  as  strong  as  In  7  days,  may  with  astnd  yield 
a  mortar  which  at  the  end  or  a  year  will  be  S,  4,  or  &  times  as  strong  as  it  was  in  T  days.  Good  Port- 
land* neat  usually  have  at  the  end  of  a  year  from  1.5  to  2  tlmea  their  strength  at  the  end  of  7  days; 
and  the  American  natural  cements,  Rosendale,  Louisville,  Cumberland,  ao,  from  3.5  to  3.5  timet; 
but  inasmuch  as  Portlands  average  (roughly  speaking)  about  5  or  6  times  the  strength  of  the  others 
in  7  davs.  they  still  average  about  2.5  to  S  times  as  strong  in  a  year  or  longer.    Omenta  of  the  same 

class  differ  much  in  their  rapidity  of  hardening-.    One  may  at  the  end  of 

a  month  gain  nearly  one-half,  and  another  not  more  than  one-sixth  of  its  increase  at  the  ead  of  a 
year,  at  which  time  both  may  have  about  the  same  strength.  Henoe,  tests  for  1  week  or  1  month  are 
by  no  means  conclusive  as  to  their  fiual  comparative  merits. 
.  There  seems  to  be  a  period  occurring  from  a  few  weeks  to  several  months  after  having  been  laid,  at 
which  cement  and  its  mortars  for  a  short  time  not  only  cease  from  hardening,  but  ssetsaaliw  last 
strength.  They  then  recover,  and  the  hardening  goes  on  at  before.  It  has  bean  suggested  that 
this  opinion  has  originated  in  some  oversight  of  the  experimenters,  but  the  writer  believes  a  to  ha 
founded  on  fact.  In  his  expts  with  various  hvd  cemeuts  of  the  eonsisteaoe  of  mortar,  even  without 
sand,  the  writer  detected  no  change  of  nnlk  In  setting. 

*  See  "  Mr.  Eliot  C.  Clarke  »\  p  678. 
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Art.  7,*    Mr.  Wm.  W.  M  aclay,  C  E.  (see  his  very  instructive  paper  in 
Trans.  Am.  Soc.  C.  E.,  Dec,  1877),  found  that  in  the  testing  of  cements  the 

temperature  of  the  air  and  water  had  far  more  Influence  than  had  before  been  suspected.  Thus  neat 
Portland  moulded  in  air  at  30°  Fan,  and  kept  6  days  in  water  at  40°,  bad  a  tensile  strength  or  but 
15ft  B>»  per  sq  inch,  while  that  kept  in  water  of  70°  had  299  lbs,  or  nearly  twice  as  much.  Other  bars 
moulded  in  air  at  60°,  after  6  days  in  water  of  4<P,  broke  with  11$  Dm  tensile  per  sq  inch,  while  those 
tn  water  at  70°  required  254  lbs,  or  about  2.25  times  as  much.  But  at  the  end  of  only  20  davs  the 
strengths  of  these  last  were  as  212  to  836  lbs.  or  as  1  to  1.6 ;  the  weaker  one  having  in  that  time  gained 
rapidly  on  the  stronger.  As  longer  time  would  of  course  bring  them  still  nearer  to  an  equality,  the 
ultimate  effects  of  temperature  within  certain  limits  are  fortunately  not  so  important  in  actual* prac- 
tice as  the  first  expts  might  lead  us  to  infer.  Work  must  go  on  notwithstanding  changes  of  tempera- 
ture, but  we  must  take  care  that  our  mortar  shall  at  all  times  be  strong  enough  even  under  their  most 
injurious  influences.  Cements  in  open  air  are  certainly  more  or  less  injured  by  drying  instead  of 
Betting,  as  the  temp  exceeds  about  65°  to  70°.  But  if  mixed  only  in  small  quantities  at  a  time,  and 
quickly  laid  in  masonry  of  dampened  stoue,  so  as  to  be  sheltered  from  the  air,  the  injury  is  much 
reduced.  The  sand  and  stone  should  both  be  damp,  not  wet,  in  hot  weather,  and  a  little  more  water 
may  be  used  la  the  cement  paste:  also  if  possible  not  only  the  mortar  while  being  mixed,  but  the 
masonry  also  should  then  be  shaded  Mr  M aclay  found  that  6  day  specimens  of  neat  Portland  broken 
direct  from  the  water  were  much  stronger  than  if  first  left  24  hoars  to  dry  in  the  shade  at  tolerably 
high  temps.  But  the  reverse  occurs  with  such  U.  S.  natural  cements  as  Rosendale.  he,  the  strength 
of  some  being  largely  increased  by  such  drying.  Experiments  in  Europe  with  Portlands  kept  3  months 
in  water,  seemed  to  show  the  weakest  period  for  such  to  be  at  2  days'  exposure,  when  the  strength  was 
but  half  as  great  as  when  first  taken  from  the  water.  But  on  the  4th  day  they  were  even  stronger  than 
at  first;  and  the  strength  then  increased  with  time  as  if  there  had  been  no'interruption. 

The  effects  of  cold,  although  it  retards  the  setting,  do  not  appear  to  be 
serious  otherwise.  If  the  cement  mortar  even  freeze*  almost  as  quickly  as  the  masonry  is  laid  with 
It,  it  does  not  seem  to  depreciate  appreciably.  The  writer  has  found  this  to  be  the  ease  also  with  lime 
mortar,  even  when  a  few  hours  after  freezing  the  temp  became  so  high  as  to  soften  the  frozen  mortar 
again.  But  although  the  mortar  of  either  lime  or  cement  may  not  be  thereby  injured,  the  work,  espe- 
cially in  thin  brick  walls,  may  be  ruined  and  overthrown.  Thus  If  soon  after  the  mortar  through  the 
entire  thickness  of  such  a  wall  be  frozen,  the  sun  shines  on  one  face  of  it  so  as  to  soften  the  mortar 
«T  that  face,  while  the  mortar  behind  it  remains  hard,  it  is  plain  that  the  wall  will  be  liable  to  settle 
at  the  heated  face,  and  at  least  bend  outward  If  it  does  not  rail.  The  writer  has  observed  that  coat. 
Ings  of  cement  applied  to  the  backs  of  arches  on  the  approach  of  winter,  aud  left  unprotected,  were 

entirely  broken  up  and  worthless  on  resuming  work  the  next  spring.  The 
bent  I  nit*  of  sand  and  cement  in  freezing  weather  seems  to  be  a  bad  prac- 
tice, especially  if  to  be  placed  in  cold  water.    But  for  use  out  or  water  Ma,  M aclay  says  they  may  be 

heated  to  50°  or  60°.  Cold  water  for  mixing  is  probably  no  farther  inju- 
rious than  that  it  retards  the  setting.    All  cements  when  mixed  with  sand  to  a  proper  consistence  for 

mortar  will  fall  to  pieces  if  placed  in  water  before  setting  has  commenced. 

Portlands  do  so  even  without  sand ;  but  U.  S.  natural  cements  of  good  quality  do  not. 

Art.  8.*  Strength  of  cements.    The  strength  as  before  stated  is  much 

affected  by  the  temp  of  the  air  and  »ater,  as  also  by  the  degree  of  force  with  which  the  cement  Is 
pressed  into  the  moulds;  by  the  extent  of  setting  before  being  put  into  the  water,  and  or  drving  when 
taken  out;  and  still  more  by  the  consideration  of  whether  or  not  it  sets  while  under  the  influence  of 
pressure,  which  increases  the  strength  materially.  On  this  account  cements  in  actual  masonry  may 
under  ordinary  circumstances  give  better  results  than  indoor  expts.   These  causes,  together  with  the 

degree  of  thoroughness  of  the  mixing  or  gauging-,  the  proportion  of  water 

used,  and  other  considerations  may  easily  affect  the  results  100  per  ct,  or  even  much  more.  Henoe, 
the  discrepancies  in  the  reports  of  different  experimenters. 

Rem.*  Portlands  require  more  water  than  the  common  U.  S. 

cements,  and  shrink  less  in  mixing.  See  next  Art.  Also,  mortars  require  more  than  concrete,  espe- 
cially when  the  last  is  to  be  well  rammed,  in  which  case  it  should  be  merely 
moiet.  so  as  barely  to  cohere  when  pressed  into  a  ball  by  baud.  If  more  water  is  present,  the  consoli- 
dation by  ramming  is  proportionally  imperfect.  To  assure  himself  that 
the  quality  of  cement  furnished  is  equal  to  that  contracted  for,  the  engineer 
should  reserve  the  right  to  bore  with  a  long  auger  into  any  part  of  each  barrel,  and  to  reject  every 
barrel  of  which  the  sample  drawn  out  does  not  satisfy  the  stipulations.  On  works  using  large  quan- 
tities, there  should  be  one  i«rson  specially  detailed  to  this  duty.  One  advantage  of  very  strong 
cements  is  their  economy,  even  at  a  higher  cost,  in  allowing  the  use  of  a  larger  proportion  of  the 
cheaper  ingredients,  sand,  gravel,  and  broken  stone.  Almost  any  common  U.  S.  cement,  if  of  good 
quality,  will  with  1.5  or  2  measures  of  sand  give  a  mortar  strong  enough  for  most  engineering  pur- 
poses ;  but  a  good  Portland  will  give  one  equally  strong  with  3  or  4  meas  of  sand ;  and  will,  therefore, 
be  equally  cheap  at  twice  the  price;  beside  requiring  the  handling,  storing,  and  testing  of  only  half 
the  number  of  barrels. 

After  what  has  been  said  it  is  plain  that  great  latitude  must  be  allowed  in  attempting  to  prepare  a 
table  of  approximate  average  strengths.  The  writer  can  pretend  to  nothing  more  than  the  following, 
which  is  deduced  from  reliable  reports,  aided  by  a  few  experiments  of  his  own  on  transverse  strengths, 
a  summary  of  which  last  forms  the  last  oolnmn. 

If  one  measure  of  cement  slightly  shaken  be  mixed  to  a  paste  with  about  .85  meas  of  water  ff  a 
common  U.  S.  cement,  or  about  .40  meas  if  Portland,  in  the  shade,  and  in  a  temp  of  from  60°  to  90°, 
this  paste  will  occupy  about  .7  meas  if  common,  and  about  .86  if  Portland,  when  well  pressed  Into 
wooden  moulds  by  the  fingers  (protected  from  corrosion  by  gloves  of  rubber  or  buckskin).  If  then 
allowed  from  30  minutes  to  some  hours  (according  to  its  setting  properties)  to  set;  then  removed  from 
the  moulds,  and  at  the  end  of  24  hours  total,  placed  in  water  of  the  above  limits  of  temp  for  7  days, 
and  broken  at  once  when  taken  from  the  water,  the  samples  will  generally  exhibit  about  the  following 
strengths.  Those  for  compression  are  supposed  to  be  cubes ;  and  those  for  transverse  strength  in  the 
table  were  beams  1  inch  square,  and  12  ins  clear  span,  loaded  at  the  center. 

*  See  ««  Mr.  Eliot  C.  Clarlte",  p  678. 
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Table  A.    Average  Ultimate  Strengths  of  neat  Cements  after 
6  days  III  water,  and  brokeu  directly  from  the  water. 


Portlands,  artificial,  either  foreign,  or  the 

•'  National "  or  Kingston,  N.Y. 

"        Baylor's  natural,  Coplay,  Penn.. 

U.  S.  common  hydraulic  oements 


Tensile.  lbs 
per  sq  in. 

200  to  850 

170  to  S70 

40  to    70 


Compres.  lbs 
per  sq  tn. 

1400  to  2400 

1100  to  1700 

250  to    460 


Oomprestone  iTrmur.  1"  X 
persqft.        1"  X  13 '.  ft*. 


90  to  154 
71  to  109 
16  to    99 


26  to  45 

n 

3  to    7 


All  below  the  lowest  or  these  should  he  rejected ;  the  average  of  the  table  may  be  ooniddered  fair: 

and  all  above  the  highest  superior.    After  only  24  hours  In  water  the 

strength  of  the  common  U.  S.  oemeuta  averages  about  half  that  for  6  days,  hut  with  conftMerabfe 

variations  both  ways.    In  like  manner  at  the  end  of  a  year  neat  Portlands 

average  from  1.5  to  3  times  as  strong  as  In  6  days;  and  our  common  cements  from  2.5  to  S.5  time*. 

The  London  board  of  works  require  that  Portlands  after  7  days  in  water 

shall  have  at  least  35  lbs  transverse,  and  350  lbs  tensile  strength.    Some  have  reqd  500  or  more  tea- 

sile  to  break  them.    For  Portlands  the  writer  found  the  transverse 

strengths  of  several  well  known  English  brands  moulded  as  before  described,  to  be  26  to  40  lbs  after  7 
days  in  water;  National  Portland  of  Kingston,  N.  Y.,  40  and  46;  Baylor's  Portland  (only  2  trials)  26 

lbs.    ToeptTer,  Grawlts,  A  Co,  of  Stettin,  Germany,  warrant  all  their 

Portland  (known  as  the  "  Stern  "  brand)  equal  to  569  lbs  tensile  after  7  days  in  water.  Some  of  it  has 
borne  760  Dm. 

Mr.  J.  Herbert  Shedd,  as  Engineer  of  the  Water  Works  and  Sewers  of 

Providence,  R.  I.,  rejected  all  Rosendale  which  when  mixed  to  a  stiff  paste,  and  allowed  30  inin  in  air 
to  set,  and  then  put  into  water  for  only  24  hours,  broke  with  less  tension  than  70  lbs.  At  first  he 
found  some  that  broke  with  10  to  15  lbs;  some  that  would  not  set  at  all  in  water;  and  but  ltule  that 
bore  30  lbs.    Now  samples  frequently  bear  100  lbs  or  more;  but  that  usually  sold  still  rarely  exceeds 

40  to  50,  and  frequently  scarce  half  as  much.    The  Sewer  Department  of 

St.  Ijonls.  Missouri,  requires  all  Louisville,  Kentucky,  cement  to  hear  at  least 

40  lbs  tensile  after  24  hours  in  water.  Some  of  it  now  ehowB  as  high  as  100  or  more;  and  60  or  79 
would  nave  i>een  adopted  a%the  uiininum,  but  for  the  fear  that  it  would  have  encouraged  the  miV^g 
of  too  quick  tetting  cement.    Most  of  that  sold  will  probably  not  exceed  30  lbs. 

Art.  9.    Cement  mortar  is  cement  mixed  with  water  and  sand  only. 

The  writer  found  that  for  making  cement  patte*  of  about  equal  consistency  and  fit  for  mortar  by 
themselves,  the  Knglish  Portlands,  slightly  shaken  in  the  measure,  required  an  average  of  about  .4 
of  their  own  bulk  of  water;  and  the  U.  a.  common  cements  about  .35.  The  Portland  paates  when 
thoroughly  mixed  and  slightly  pressed  by  hand  into  a  box  shrauk  about  one-eighth  of  their  bulk  as 
dry  shaken  cement :  and  the  others  about  one- fourth ;  or  in  other  words  the  common  U.  8.  cements 
shrink  about  twice  as  muoh  as  the  Portlands ;  and  these  are  about  the  proper  proportions  to  assume 
in  estimating  the  quantity  of  oement  for  theoretically  Oiling  the  voids  in  sand. 

Bnt  when  sand  is  added,  more  water  is  reqd.    It  is  impossible  to  lay 

down  rules  for  all  oases,  but  as  a  very  rough  average,  mortar  will  require  au  addition  equal  to  about 
.2  or  the  bulk  of  dry  sand  ;  varying  or  course  with  the  weather,  to.  Trial  on  the  wore  in  hand  is 
better  than  rules. 

Any  addition  of  sand  weakens  cement,  especially  as  regards  ten- 
sion ;  as  it  does  also  lime  mortar.  But  economy  requires  its  use.  Sand  also  retards  the  setting,  m 
that  oement  which  by  itself  would  set  iu  half  au  hour,  may  not  do  so  for  some  days  if  mixed  with  a 
large  proportion  of  sand.    This  weakening  effect  will  of  course  vary  with  different  cements,  and  with 

many  circumstances  inferable  from  Art.  7,  Ac.    As  a  rough  average  the 

following  is  perhaps  not  far  from  the  truth  as  regards  either  tensile  or  transverse  strength  when  not 
rammed.    See  p  682. 


Sand. 

0 
1 

M 

1 

A 

2 

3 
.3 

4     |     5 

6 

7      1    8 

Strength. 

% 

XA 

lA 

X  !    i 

*      M 

Tensile  Strength  of  Cement  Mortars,* 

•f  medium  coarse  sea-beach  sand,  and  good  Rosendale,  and  English  Portland  ce- 
ments ;  being  averages  of  about  26000  experiments  Id  the  year*  1878  to  1882.  The 
area  of  breaking  section  was  2.25  sq  ins.  The  proportions  of  sand  and  cement  were 
by  measure.  The  mortar  was  rammed  into  the  moulds,  and  the  specimens  were 
immersed  in  water  as  soon  as  they  would  benr  handling,  and  so  remained  for  1  day, 
or  1  week,  or  for  I,  6,  or  12  months.    The  strengths  are  in  lbs  per  S*j  Ineh. 


•  Prom  experiments  by  Mr.  Kliot  C.  Clarke,  C.  E ;  of  Boston.    See  also  p  676. 
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Neat 
1M. 


145 


6M. 


282 


1Y. 


290 


Cement  1.     Sand  2. 
22  I  49  1 105  1 169 


Rosendale. 

Cement  1.       Sand  1. 


1W. 


66 


II. 


116 


6H. 


180 


IT. 


236 


Cement  1.       Sand  3. 
12    |    25    I    65    I   121 


Cement  1. 

Sand  1.5. 

1W. 

1H. 

6M. 

IT. 

41 

90 

135 

210 

Cement  1.       Sand  5. 

l» 

36 

80 

Portland. 

Neat 

Cement  1.       Sand  1. 

Cement  1. 

8and  1.5. 

102  1  303  1 412  1  468  1 494 

160   |   225    1   347    1    387 

1      1 

| 

Cement  1.     Sand  2. 

Cement  1.       Sand  3. 

Cement  1. 

Sand  5. 

1 126  1 163  I  279  |  323 

95    1    130   1   198   1    257 

55    1    78    1 

116  1    145 

The  crashing;  strength.  Fur  each  proportion  of  sand  we  may  take  the 
strength  preceding  it  in  tbe  table,  p  676.  Moreover  the  crushing  strength  with  sand  increases  with 
age  much  more  rapidly  than  the  tensile ;  and  the  more  so  the  greater  the  proportion  of  sand. 

As  a  general  rale  with  cements  of  good  quality  we  shall  have  mortars  fit  for  most  engineering  pur- 
poses if  we  do  not  exceed  from  1  to  1.5  measures  of  dry  sand  to  1  of  the  common  cements ;  or  from  2 
to  3  of  sand  to  1  of  Portland. 

The  shearing*  strength  of  heat  cements  averages  about  one-fourth  of  the 

tensile. 

The  adhesion  of  cements  to  bricks  or  rough  rnbble,  at  dif- 
ferent ages,  and  whether  neat  or  with  sand,  may  probably  be  taken  at  an  average  of  about  three- 
fourths  of  the  cohesive  or  tensile  strength  of  the  cement  or  mortar  at  the  same  age.  If  tbe  bricks  and 
■tone  are  moist  and  entirely  free  from  dust  when  laid,  the  adhesion  is  increased  ;  whereas  if  very  dry 
and  dusty,  especially  in  hot  weather,  it  may  be  reduced  almost  to  0.  Tbe  adhesion  to  very  hard, 
smooth  bricks,  or  to  finely  dressed  or  sawed  masonry  is  less. 

The  voids  in  sand  of  pure  quartz  like  that  found  on  most  of  our  sea- 
shores, when  perfectly  dry  and  loose,  occupy  from  .803  of  tbe  mass  in  sand  weighing  1 15  Dm  per  cub  ft. 
to  .515  in  that  weighing  80  lbs.  Usually,  however,  such  dry  sund  weigbs  say  from  105  lbs  with  voids  of 
.364 :  to  95  lbs.  with  voids  .424 ;  the  mean  being  100  lbs,  with  voids  .394.*  But  the  wet  sand  in  mortar 
occupies  about  from  5  to  7  per  cent  less  space  than  when  dry ;  the  shrinkage  averaging  say  6  per  ct 

or  -fV  P*rt «  thus  making  tbe  voids  .304  of  the  105  lb  sand  when  wet ;  and  .364  of  the  95  B> ;  the  mean 
of  which  is  .334.  But  to  allow  for  imperfect  mixing,  &o,  It  is  better  to  assume  tbe  voids  at  .4  of  the 
dry  sand.  Moreover,  since  tbe  cements,  as  before  stated,  shrink  more  or  less  when  mixed  with  water, 
•ad  worked  up  into  mortar,  it  would  be  as  well  to  assume  that  to  make  sufficient  paste  to  thoroughly 
All  the  voids,  we  should  not  use  a  less  volnme  of  dry  common  oemeot,  slightly  shaken,  than  half  the 

bulk  of  the  dry  sand;  or  than  .45  of  the  bulk  if  Portland.  The  bnlfc  of  the 
mixed  mortar  will  then  be  about  equal  to  or  a  trifle  less  than  that  of  the  dry 

sand  alone. 

The  best  sand  is  that  with  grains  of  very  uneven  sizes,  and  sharp.  The 
more  nneven  the  sizes  the  smaller  are  the  voids,  and  the  heavier  is  the  sand.  It  should  be  well 
washed  if  it  contains  clay  or  mod,  for  these  are  very  injurious  to  mortar  or  concrete. 

*  If  greater  aeenraey  Is  desired  pour  into  a  graduated  cylindrical 

measuring-glass  100  measures  of  dry  sand.  Pour  this  out,  and  611  the  glass  up  to  60  measures  with 
water.    Into  this  sprinkle  slowly  the  same  100  measures  of  dry  sand.  These 

will  now  be  found  to  fill  the  glass  only  to  say  94  measures,  having  shrunk  say  6  per  ct ;  while  tbe 
water  will  reach  to  say  121  measures ;  of  which  121—94—  27  measures  will  be  above  the  sand ;  leaving 
60—27  -  33  measures  filling  the  voids  in  94  measures  of  wet  sand ;  showing  the  voids  in  the  wet  sand 

to  be  M  =  .351  of  the  wet  mass.    If  the  sand  is  poured  into  the  water 

hastily,  air  is  oarried  in  with  it,  the  voids  will  not  be  filled,  and  tbe  result  will  be  quite  different. 

Since  a  cubic  foot  of  pure  quartz  weighs  165  lbs,  it  follows  that 

if  we  weigh  a  cubic  foot  of  pure  dry  sand  either  loose  or  rammed,  then  as  165  Is  to  the  wt  found,  so  is 
1  to  the  solid  part  of  the  sand.  And  if  this  solid  part  be  subtracted  from  1,  tbe  remainder  will  be  tbe 
voids,  as  below. 

Wt  in  lbs  per  cnb  ft  dry      80       85       90       95     100     105     110     115 
Proportion  or  solid  .485     .515     .546    .576     .606     .636     .667     .697 

Proportion  of  voids  .515     .485     .454     .424     .994     .364     .333 
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The  common  (not  Portland)  cements,  when  used  as  morUr  for  brickwork,  often  disfigure  it,  especi- 
ally near  sea  coasts,  and  in  damp  climates,  by  white  effloresce  aces  which 

sometimes  spread  over  the  entire  exposed  face  of  the  work,  and  also  injure  the  brioks.  This  also 
occurs  in  stone  masonry,  but  to  a  much  less  extent,  and  is  confined  to  the  mortar  joints ;  and  injures 
only  porous  stone.  It  Is  usually  a  hydrous  carbonate  of  soda  or  ofpotaah  often  containing  other  salt*. 
Gen'l  Oillmore  recommends  as  a  preventive  to  add  to  every  300  lbs  (1  barrel)  of  the  cement  powder. 
100  lbs  of  quicklime,  and  from  8  to  IS  lbs  of  any  cheap  animal  fat.  The  fat  to  be  well  incorporated 
with  the  qaloklime  before  slacking  it  preparatory  to  adding  it  to  the  cement.  This  addition  will  re- 
tard the  setting,  and  somewhat  diminish  the  strength  of  the  cement.  It  is  also  said  by  others  that 
linseed  oil  at  the  rate  of  2  gallons  to  300  lbs  of  dry  cement,  either  with  or  without  lime,  will  in  all 
exposures  prevent  efflorescence,  but  like  the  fat  it  greatly  retards  setting,  and  weakens.  See  also  p 
873. 

Mr.  Eliot  C  Clarice,  to  whom  we  are  already  indebted  for  tables  on  pp  677 
and  68*2,  has  published,  in  Trans  Am  Soc  G  £  April  1885,  the  results  of  a  series  of  ex- 
periments made  for  the  Boston  Main  Drainage  Works.  From  his  paper  we  condense 
as  follows,  by  permission. 

Variations  in  shade  in  a  given  kimd  of  cement  may  indicate  diffs  in  the  character 
of  the  rock  or  degree  of  burning.  Thus,  with  Rosendale,  a  light  color  generally  id- 
eated an  inferior  or  under-burned  rock.  A  coarse-ground  cement,  light  in  color  and 
weight,  would  be  viewed  with  suspicion. 

Finer  sieves  than  No  60  (about  50  meshes  to  the  lineal  inch)  should  be  used. 
No  120  (120  meshes)  was  used  in  the  experiments. 

The  highest  strength  was  obtained  by  the  use  of  just  enougrh  water  to  thor- 
oughly dampen  the  cement.  An  excess  of  water  retards  setting.  American  cements 
needed  more  water  than  Portland  ;  fine-ground  more  than  coarse;  quick-Betting  more 
than  slow.  Neat  Rosendale,  a  year  old,  was  strongest  wjth  35  per  cent  water.  Neat 
Portland,  same  age,  with  20  per  cent. 

The  liner  the  sand,  the  less  is  the  strength. 

Salt,  either  in  the  water  used  for  mixing,  or  in  that  in  which  the  cement  is  laid, 
retards  setting  somewhat,  but  has  no  important  effect  upon  the  strength. 

Adding  Clay  gives  a  much  more  dense,  plastic,  water-tight  paste,  useful  for  plas- 
ter or  for  stopping  leaks.  Haifa  part  of  clay  did  not  seem  to  weaken  mortar  mate- 
rially, except  in  the  case  of  sample  blocks  exposed  to  the  weather  for  2%  years  after 
a  week's  hardening  in  water. 

A  year's  saturation  in  fresh  or  salt  water,  and  in  contact  with  oak,  hard 
pine,  white  pine,  sprnce  or  ash,  did  not  affect  the  mortars. 

With  sand,  fine-ground  cements  make  the  strongest  mortar ;  but  when  tested 
neat,  coarse-ground  cements  are  strongest.  This  is  especially  the  case  with 
Portlands. 

Good  results  were  obtained  from  mixing-  cements.  A  mortar  of  half  a  part 
each  of  Rosendale  and  Portland,  and  two  parts  sand,  was  stronger,  at  1  wk,  1  mo,  6 
mos  and  1  year,  than  the  average  of  two  mortars,  one  of  1  part  Rosendale  and  one  of 
1  part  Portland ;  each  with  2  parts  sand.  Mixtures  of  Roman  (quick  setting)  and 
Portland  (slow)  set  about  as  quickly  as  Roman  alone,  and  were  much  stronger. 

Portland  resisted  ahraslou  best  when  mixed  with  2  parts  sand ;  Rosendale 
with  1  part.    A  llttlo  more  or  less  sand  rapidly  reduced  the  resistance  in  both  cases. 

Cements  expand  In  setting ;  but  not  more  than  1  part  in  1000  of  any  given 
dimension. 

Art.  10.  Cement  concrete  or  Beton,  is  the  foregoing  cement  mortar 
mixed  with  gravel  or  broken  stone,  brick,  oyster  shells,  fco,  or  with  all  together.  la  nnatimss  as  m 
mortar,  it  Is  advisable  on  the  soon  of  strength  that  all  the  voids  be  Oiled  or  more  than  Oiled.  Those 
of  broken  stone  of  tolerably  uniform  sisa  and  shape  are  about .5  of  the  maso ;  with  more  irragalarfcty 
of  sise  and  shape  they  may  decrease  to  .4.  Those  of  gravel  vary  like  those  of  sand,  and  had  like  k 
—      lalil 


better  be  taken  at  .5  when  estimating  the  dry  cement.    We  shall  then  have  as  follows. 

For  1  cub  yd  or  concrete  of  stone,  gravel,  and  sand,  without 

voids. 

1  cab  yd  broken  stone  with  .5  of  its  bnlk  voids,  requiring  I  .5  cab  yd  gravel. 

0.6  cnb  yd  gravel  "    .6  "  "  "  .35 cub  yd  sand. 

0.35  cub  yd  sand  "    .5  "  "  •»  '  .125  (or  H)  cub  yd  dry  oemont. 

It  la  probable  that  mistakes  have  oeenrredl  from  inadvertently  assuming  that  because  tSe 
voids  in  a  broken  mass,  eonstltote  a  oertain  proportion  of  the  bulk  of  said  mass ;  therefore,  the  original 
solid  has  swelled  In  only  that  same  proportion.  Thus,  if  asolideubio  yardof  stone  banrokan  lain  small 
irregular  pteoesT  whiob  have  among  themselves  about  the  same  proportions  of  largo  and  small  ones,  as 
usually  ooours  in  quarrying,  or  in  railroad  roek-outtlngs ;  and  if  these  bo  loosely  thrown  into  a  heap, 
the  .47  of  this  heap,  or  rather  leas  than  half  of  it,  will  be  voids.  But  it  does  not  follow,  therefore,  thai 
the  original  solid  oub  yd  bas  swelled  only  .47.  or  nearly  one-half,  or  makes  only  I H  cub  yds  of  broken 
stone ;  although  many  young  engineers  would  probably  consider  this  a  very  fell  allowance;  and  weald 
suppose  that  they  were  quite  just  to  the  company,  if  they  counted  for  the  contractor  one  solid  yard 
of  excavation  for  every  1)4  yds  of  fragments.  Now,  It  is  plain  that  if  .47  of  the  broken  bean  are  voids, 
the  remaining  .53  must  he  stone.  Rut  these  .53  constituted  the  original  solid  oublo  yard: :  and  tlwjr 
etill  remain  equal  to  it  in  actual  solidity.  Hence  we  must  say  as  follows :  If  .53  of  too  broken  mam 
oaanpies  one  oub  yd  of  aotoal  space,  how  much  space  will  the  whole  mass  ooeupy ;  or, 

Of  the  Cnb  yd  Entire 

broken  mass.       of  space.       broken  mass. 

.53  l  •  •  l  
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Ranee,  we  see  that  a  solid  eub  yd  of  stone,  when  ho  broken,  ■weltg  to  1 .9,  or  nearly  1  cub  yds ;  and 
hence  a  proper  allowance  to  a  contractor,  would  be  1  eub  yd  eolid,  for  every  1.9  onb  yds  of  pieces ;  or 
the  yds  of  pieces  mnst  be  divided  by  1.9  for  the  solid  yards. 

If  we  know  that  a  cubic  yard  or  any  stone,  breaks  to,  say  1.9  yds,  then  to  find  the  proportions  of 
voids,  and  solid,  in  the  broken  mass,  proceed  thus  :  The  solid  part  of  the  broken  mass  must  occupy  1 
cub  yd  of  space ;  and  the  question  is  what  part  of  1.9  yds  does  this  1  yd  constitute.    The  answer  is 

—  =  .63 ;  therefore,  53  hundredths  of  the  broken  mass  is  solid ;  and  of  oourse  the  remaining  47  nun- 

dredths  are  voids. 

If  a  cubio  foot  solid  weighs  N  lbs ;  but  when  broken  np,  or  ground,  only  n  lbs  per  eub  ft,  then  n 
divided  by  N,  will  be  the  proportion  of  solid  in  the  broken  mass. 

If  the  broken  stone  is  loosely  piled  up,  it  will  occupy  a  little  less  space,  say  about  1.8  cub  yds ;  in 
which  case  the  voids  will  be  .44 ;  and  the  solid,  .56  of  the  mass.  We  will  here  venture  to  express  our 
doubts  whether  hard  rock  when  blasted  and  made  into  enibankmeet,  settles  to  U*a  than  \%  yds  for 
every  solid  yd.  Mr  Rllwood  Morris  give*  as  the  result  of  certain  embankment  of  hard  sandstone. 
made  under  his  supervision ,  an  inorease  of  bulk  of  y\;  or  in  other  words,  that  1  cub  yd  of  rock  in 
place,  made  1-i^y.  or  1.417  yds  of  embankment.  This  corresponds  to  very  nearly  .1  solid;  and  .3 
voids ;  while  \%  yds  to  1  solid,  corresponds  to  .6  solid ;  and  .4  voids.  The  rough  sides  of  rock  excava- 
tlons,  make  it  difficult  to  measure  them  with  accuracy;  and  we  cannot  but  suspect  that  something 
of  this  kind  has  interfered  with  the  results  obtained  by  Mr  Morris.  He,  however,  may  be  right,  and 
we  wrong. 

By  some  careful  experiments  of  our  own,  an  ordinary  pure  sand  from  the  sea  shore,  perfectly  dry, 
and  loose,  weighed  97  lbs  per  cub  ft;  and  its  voids  were  .41,  and  the  solid  .59 of  the  mass.  By  thorough 

shaking,  and  jarring,  it  could  be  settled  the  .1333  part,  (halfway  between  X,  and  %,)  and  no  more. 

It  then  weighed  112  lbs  per  cub  ft;  and  its  voids  were  then  .32;  and  the  solid,  .68  of  the  mass. 

Another  pure  quarts  sand,  of  much  finer  grain,  perfectly  dry  and  loose,  weighed  but  88  lbs  per  cub 
ft;  the  voids  were  .466;  and  the  solid  .534  of  the  mass.  By  thorough  shaking  and  jarring  it  con  Id 
be  reduced;  like  the  former,  only  the  .1333  part ;  it  then  weighed  101. 6  lbs  per  oub  ft;  and  its  void* 
were  .884 ;  and  the  solid  .616.  Another,  consisting  of  the  finest  sifted  grains,  of  the  last,  weighed  82 
lbs  per  cub  ft;  so  that  its  voids,  and  solid,  each  were  very  nearly  .5  of  the  mass.  This  could  be  oom- 
pacted  about  %  part;  and  then  weighed  98H  lbs  per  cub  ft. 

The  first,  or  coarsest  of  these  sands,  when  quite  moist,  but  not  wet,  perfectly  loose,  weighed  bot  86 
lbs  per  oub  ft ;  or  II  lbs  less  than  when  dry.  It  oould  be  rammed  in  thin  layers,  until  it  settled  one- 
fifth  part ;  and  then  weighed  107 ^  lbs  per  oub  ft.    Voids  .348.    solid  .662. 

The  second  sand,  similarlv  moist  and  loose,  weighed  bot  69  lbs  per  cub  ft ;  or  19  lbs  less  than  when 
dry.  It  could  be  rammed  in  thin  layers,  until  it  settled  H  part;  and  then  weighed  108*4  lbs  per  cub 
ft.   Voids  .373,   solid  .627. 

None  of  these  sands  when  dry,  and  loose,  if  poured  gently  into  water  to  a  depth  of  15  inches,  set- 
tled more  than  about  one-fifteenth  part;  the  ooarsest  one,  considerably  less. 

Here  the  .125  cub  yd  of  dry  cement  constitutes  one-eighth  of  the  single  mass;  or  one-fifteenth  of 
all  the  dry  ingredients  as  measured  separately. 

For  1  cub  yd  of  concrete  of  broken  stone  and  sand  without 

voids. 


1  eub  yd  broken  stone,  with  .5  of  its  bulk  voids  requiring  |  .5  cub  yd  sand. 
.6  oub  yard  sand,  "    .5"  "       "  "         j  .25  cub  jd  dry  cement. 

The  strength  of  concrete  is  affected  by  the  quality  of  the  broken  stone, 

as  well  as  by  that  of  the  cement,  the  degree  of  ramming,  Ac.  Cubes  of  either  of  the  above  with  Port- 
land, as  well  as  one  composed  of  1  meas  of  good  Portland  to  5  of  sand  only,  well  made,  and  rammed, 
should  either  in  air  or  in  water  require  to  crush  them  at  different  ages,  not  Us*  than  about  as  follows. 

Acre  in  months 1  S  6  9        12 

Tons  per  sq  ft 15  40  65  85         100 

Under  favorable  conditions  of  materials,  workmanship  and  weather,  the  strengths  may  be  from  50 
to  100  per  ot  greater.    For  transverse  strength  as  beams  see  p  689. 
If  not  rammed  the  strength  will  average  about  one-third  part  less. 
With  common  U.  S.  cements,  if  of  good  quality  from  .2  to  .3  of  the 

strength  of  Portland  concrete  may  be  had. 

Slow  setting  cements  are  best  for  concrete,  especially  when  to  be 

rammed. 

It  may  not  be  amiss  to  state  here  that  when  masonry  Is  backed  by 

concrete  the  two  are  liable  in  time  to  crack-  apart  from  unequal  settlement, 
especially  if  the  ramming  has  not  been  thorough;  also  that  in  variable  climates 
cast  Iron  cylinders  filled  with  concrete  are  frequently  split  horizon- 
tally by  unequal  expansion  and  contraction.  In  suoh  structures  it  is  safest  to  consider  the  cyls  as 
mere  moulds  for  the  concrete:  and  to  depend  upon  the  last  only  for  sustaining  the  load. 

The  concrete  for  the  New  York  City  docks  consists  of  1  measure 

of  either  English  or  Baylor's  Portland,  2  of  sand,  5  of  broken  stone  (hard  trap).  That  made  of  Eng- 
lish Portland,  after  drying  a  few  days,  and  then  being  immersed  6  weeks,  required  about  30  tons  per 

aft  to  crush  it.    Baylor's  would  probably  require  the  same.    At  the  Missis- 
ppl  Jetties,  (see  "South  Pass  Jetties"  by  Max  E.  Schmidt,  C.  EM  Trans  Am 

Soc  C  K,  Aug  1879)  8aylor's  Portland  I ;  sand  2.76;  gravel  1.46;  broken  stone  5. 

In  the  foundations  of  the  Washington  monument  at  Washington,  D.C., 

(1880)  Rngltsh  Portland  (J.  B.  White  *  Bros)  1 ;  sand  2 ;  gravel  3 ;  broken  stone  4 ;  and  according  to 

a  Govt.  Report,  has  a  crushing  strength  of  155  tons  per  sq  ft  when  7.5  months  old. 
At  Croton  l»am,  N.  Y.,  (1870)  Bosendale  1 ;  sand  2 ;  broken  stone  4.5.  Some 
at  the  same  work,  and  deposited  under  water,  had  6  meas  of  stone;  and  at  the  end  of  a  year  had  be- 
i  so  hard  that  it  was  found  necessary  to  drill  and  blast  a  portion  that  had  to  be  removed. 
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Lime  with  cement  weakens  all  of  them,  but  General  Q.  A.  Gillmore,  our 
best  authority,  repeatedly  states  that  even  in  important  concrete  work  in  either  the  air  or  water,  (prt- 
Tided  the  water  does  not  come  into  contact  with  it  until  setting  takes  place),  from  .25  to  even  .5  of  the 
neat  cement  paste  of  the  U.  S.  common  cements  may  be  replaced  by  lime  paste  without  serious  dhoi 
nution  of  either  strength  or  hydraulic! ty ;  and  with  decided  economy.  It  retards  the  setting  which 
is  often  of  great  advantage,  especially  with  quick  setting  cements  which  at  times  cannot  on  that  so 
count  be  advantageously  used  without  some  lime. 

Moulded  blocks  of  Portland  concrete  of  even  50  tons  wt  can  generally  be 

handled  and  removed  to  their  places  in  from  1  to  2  weeks. 

Ramming-  of  concrete,  when  properly  done,  consolidates  the  mass  about 

5  or  6  per  ct,  rendering  it  less  porous,  and  very  materially  stronger.  The  rammers  are  like  those 
used  in  street  paving,  of  wood,  about  4  ft  long,  6  to  8  ins  diam  at  foot  with  a  lifting  handle,  and  shed 
with  iron;  weight  about  35  lbs.  They  are  let  fall  6  or  8  ins.  The  men  using  them,  if  standiag 
on  the  concrete,  should  wear  india-rubber  boots  to  preserve  their  feet  from  corrosion  by  the  cement 

Ramming*  cannot  be  done  under  water,  except  partially,  when  the 

concrete  is  enclosed  in  bags.   A  rake  may,  however,  be  used  gently  for  levelling  concrete  under  water. 

Blake's  Stone  Crusher  (Co,  New  Haven,  Connecticut),  is  useful  for 

breaking  the  stone  more  cheaply  than  by  hand  on  a,  large  work.  The  two  sixes  best  adapted  to  this 
purpose  cost  about  $900  and  $1200;  break  6  to  7  cub  yds  per  hour ;  and  require  steam-engines  of  abort 
8  to  10  horse  power  to  run  them  properly.  According  to  Mr.  J.  J.  R.  Oroes,  C.  B.  (see  "  Constroctiea 
of  Croton  Dam,"  Trans.  Am.  Soc.  G.  K.,  Feb,  1875),  a  machine  will  require  about  as  follows:  I 
engine  man,  1  or  2  men  to  break  the  larger  stones  to  a  size  that  will  enter  the  machine,  1  driver  to 
horse-oart,  1  man  to  feed  the  stone  into  the  machine,  2  to  keep  him  supplied  with  stone,  1  at  the 
screen,  2  wheeling  away  the  broken  stone  to  the  stone-heap,  1  or  2  to  receive  it  at  the  heap.    Say  1* 

or  12  men  in  all.  The  size  of  the  broken  stone  for  concrete  is  gen- 
erally specified  not  to  exceed  about  2  ins  on  any  edge ;  but  if  it  is  well  freed  from  dust  by  screening  or 
washing,  nil  sizes  from  .5  to  4  ins  on  any  edge  may  be  used,  care  being  taken  that  the  other  ingredi- 
ents completely  All  the  voids. 

Concrete  is  good  for  bringing:  up  an  uneven  foundation  ft* 
a  level  before  starting  the  masonry.    By  this  means  the  number  of  horizontal 

joints  in  the  masonry  is  equalized,  and  unequal  settlement  is  thereby  prevented. 

Concrete  may  readily  be  deposited  under  water  in  the  usual 

way  or  lowering  it,  soon  after  it  is  mixed,  in  a  V  shaped  box  of  wood  or  plate-iron,  with  a  lid  that 
may  be  closed  while  the  box  descends.  The  lid  however  is  often  omitted.  This  box  is  so  arranged 
that  on  reaching  bottom  *  pin  may  be  drawn  ont  by  a  string  reaching  to  the  surface,  thus  permitting 
one  of  the  sloping  sides  to  swing  open  below,  and  allow  the  concrete  to  fall  out.  The  box  is  then 
raised  to  be  refilled.  In  large  works  the  box  may  contain  a  oubio  yard  or  more,  and  should  be  sus- 
pended from  a  travelling  crane,  by  which  it  can  readily  be  brought  over  any  required  spot  in  the 
work.  The  conorete  may  if  necessary  be  gently  levelled  by  a  rake  soon  after  it  leaves  the  box.  lu 
consistency  and  strength  will  of  course  be  impaired  by  falling  through  the  water  from  the  box :  and 
moreover  it  cannot  be  rammed  under  water  without  still  greater  injury.  Still,  if  good  it  will  In  due 
time  become  sufficiently  strong  for  all  engineering  purposes.  Conorete  has  been  safely  deposited  u 
the  above  manner  in  depths  of  50  ft. 

The  Trent  ie,  sometimes  used  for  depositing  concrete  under  water,  is  a  box 

of  wood  or  of  plate  iron,  round  or  square,  and  open  at  top  and  bottom ;  and  of  a  length  suited  to  the 
depth  of  water.  It  may  be  about  18  ins  diam.  Its  top,  which  is  always  kept  above  water,  is  hopper 
shaped,  for  receiving  the  concrete  more  readily.  It  is  moved  laterally  and  vertically  by  a  travelling 
crane  or  other  device  suited  to  the  case.  Its  lower  end  rests  on  the  river  bottom,  or  on  the  deposited 
concrete.  In  commencing  operations,  its  lower  end  resting  on  the  river  bottom,  it  Is  first  entirer? 
filled  with  concrete,  which  (to  prevent  its  being  washed  to  pieces  by  falling  through  the  water  in  the 
tremie)  is  lowered  in  a  cylindrical  tub,  with  a  bottom  somewhat  like  the  box  before  described,  which 
can  be  opened  when  it  arrives  at  its  proper  place.  After  being  filled  it  is  kept  so  by  throwing  fresh 
conorete  into  the  hopper  to  supply  the  place  of  that  which  gradually  falls  out  below,  as  the  tremie  is 
lifted  a  little  to  allow  it  to  do  so.  The  wt  of  the  filled  tremie  compacts  the  conorete  as  it  is  deposited. 
A  tremie  had  better  widen  out  downwards,  to  allow  the  concrete  to  fall  oat  more  readily.  See  "  Gin- 
more  on  Cements." 
The  area  upon  which  it  is  deposited  must  previously  be  surrounded 

by  some  kind  of  enclosure,  to  prevent  the  concrete  from  spreading  beyond  its  proper  limits;  and  ts 
serve  as  a  mould  to  give  it  its  intended  shape.  This  enclosure  must  be  so  strong  that  its  sides  may 
not  be  bulged  outwards  by  the  weight  of  the  concrete.  It  will  usually  be  a  close  crib  of  timber  or 
plate-iron  without  a  bottom ;  and  will  remain  after  the  work  is  done.  If  of  timber  it  may  require  aa 
outer  row  of  cells,  to  be  filled  with  stone  or  gravel  for  sinking  it  into  place.  Care  mast  he  taken  ts 
prevent  the  escape  of  the  concrete  through  open  spaces  under  the  sides  of  the  crib  or  enclosure.  Te 
this  end  the  crib  may  be  scribed  to  suit  the  Inequalities  of  the  bottom  when  the  latter  cannot  readily 
be  levelled  off.  Or  iuside  sheet  piles  will  be  better  in  some  cases;  or  an  outer  or  inner  broad  fiap  of 
tarpaulin  may  be  fastened  all  around  the  lower  edge  of  the  crib,  and  be  weighted  with  stone  or  gravel 
to  keep  it  in  place  on  the  bottom.  Broken  stone  or  gravel  or  even  earth  (the  last  two  where  there  is 
no  current)  heaped  up  outside  of  a  weak  crib  will  prevent  the  bulging  outwards  of  its  sides  by  the 
-  pressure  of  the  concrete.  After  the  concrete  has  been  carried  up  to  within  some  feet  of  low  water. 
and  levelled  off,  the  masonry  may  be  started  upon  it  by  means  of  a  caisson  (page  CSS) ;  or  by  men  la 
diving  dresses.  Or  if  the  concrete  reaches  very  nearly  to  low  water,  a  first  deen  coarse  of  stone  may 
be  laid  and  the  work  thus  brought  at  once  above  low  water  without  any  snob  aids. 

The  concrete  should  extend  out  from  2  to  5  feet  (according  to 

the  case)  beyond  the  base  of  the  masonry.  All  MOft  mnd  Should  he  removed 
before  depositing  ooncrete.  Bags  partly  fi  lied  with  Concrete),  and  merely  throws 
into  the  water  may  be  useful  in  certain  cases.  If  the  texture  of  the  bags  Is  slightly  open,  a  portiea 
of  the  cement  will  ooze  out,  and  bind  the  whole  into  a  tolerably  eompaot  mass.  Soon  bags,  by  the  ski 
of  divers,  may  be  employed  for  stopping  leaks,  underpinning,  and  varioas  other  parpeaen,  that  any 
suggest  themselves.    Suoh  bags  may  be  rammed  to  some  extent. 

Tarpaulin  may  be  spread  over  deep  seams  In  roctt  to  prevent 

the  lods  of  ooncrete ;  and  in  some  oases,  to  prevent  it  from  being  washed  away  by  springs. 
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There  is  mueli  room  for  judgment  in  the  various  applications  of 

concrete ;  especially  under  water. 

Concrete  has  been  nsed  In  very  largre  masses;  as  in  the  founda- 
tion of  a  graving  dock  at  Toulon,  Prance;  where  it  was  deposited  to  a  thickness  of  15  feet,  over  an 
area  of  400  ft  by  100  ft;  forming,  as  it  were,  a  siugle  artificial  stone  of  that  size.  It  was  deposited 
under  water ;  an  immense  mould  having  first  been  prepared  for  its  reception,  bv  enclosing  the  area 
with  close  piling,  lined  inside  with  tarpaulin.  On  top  of  this  foundation  were  similarly  built,  likewise 
under  water,  the  sides  of  the  dock ;  inside  of  great  boxes,  or  enclosures  of  timber,  conforming  to  the 
shape.  The  last  deposits  of  concrete  were  then  faced  with  masonry.  Walls  of  buildings  are  also  fre- 
quently built  or  cement  concrete  deposited  between  planks  as  a  mould;  and  which  are  moved  upward 
as  the  building  goes  on.  Fines  may  be  made  in  these  walls  by  ramming  Concrete  around  a  tube,  which 

can  afterwards  be  lifted,  out;  and  be  used  for  the  next  course  above.  The 
dome  of  the  Pantheon,  at  Borne,  142  ft  diani,  and  now  nearly  2000  years 
old,  is  of  concrete.    The  R.  JR.  vladncts  Pont  Napoleon,  and  Pont 

d'Alma,  at  Paris,  have  arches  of  115  and  141  feet  span,  of  concrete. 

With  regard  to  the  mixing  of  concrete,  Gen  Gillmore  gives  the 

method  pursued  aud  described  by  Lieut  Wright.  The  gravel  and  pebbles  being  first  separated  by 
screening,  into  different  sixes,  "  the  concrete  was  prepared  by  spreading  out  the  gravel  on  a  platform 
of  rough  boards,  in  a  layer  from  8  te  12  ins  thick ;  the  smaller  pebbles  at  the  bottom,  and  the  larger 
ones  on  top.  The  mortar  was  then  spread  over  the  gravel  as  uniformly  as  possible.  The  materials 
were  tben  mixed  by  4  men :  3  with  shovels,  and  2  with  hoes ;  the  former  facing  each  other,  and  always 
working  from  the  outside  of  the  heap,  to  the  center.  They  then  went  back  to  the  outside,  and  re- 
peated this  operation,  until  the  whole  mass  was  turned.  The  men  with  hoes  worked  each  in  conjunc- 
tion with  a^hoveller,  and  were  required  to  rub  each  $hove1ful  well  into  the  mortar,  as  it  was  tarned 
and  spread,  or  rather  scattered  on  the  platform  by  a  jerkiug  motion.  The  heap  was  turned  over  a 
second  time,  in  the  same  manner,  but  in  the  opposite  direction  ;  and  the  ingredients  were  thus  thor- 
oaghly  incorporated ;  the  surface  of  every  pebble  being  well  covered  with  mortar.  Two  turnings 
usually  sufficed,  and  the  concrete  was  then  carried  to  tbe  foundation  in  which  it  was  to  be  used.  The 
success  ef  the  operation  depends,  however,  entirely  upon  the  proper  management  of  the  hoe  and 
shovel;  and  although  this  may  be  easily  learned  by  the  laborer,  yet  he  seldom  acquires  It  without  the 
particular  attention,  of  the  overseer."    It  is  hard  work. 

Or  simple  machinery  is  sometimes  employed  for  incorporat- 
ing the  ingredients  of  concrete,  when  large  quantities  are  required.  'A  machine  that  has  been  much 
used  successfully  in  Germany,  consists  simply  of  a  cylinder  about  IS  ft  long,  and  4  ft  diam,  open  at 
both  ends ;  and  lined  on  the  inside,  whioh  is  perfectly  smooth,  with  sheet  iron.  It  is  inolined  6  or  8 
degrees  with  the  horizon.  This  cylinder  is  made  to  revolve  15  or  20  times  per  min,  by  means  of  a 
simple  leather  strap  or  band  around  its  outside ;  and  to  which  motion  is  given  by  a  locomotive,  which 
at  the  same  time  worked  a  heavy  mill  for  mixing  the  mortar.  This  simple  machine  easily  turns  out 
from  105  to  130  cub  yds  of  concrete  in  10  hours ;  and  when  worked  in  connection  with  a  mortar  mill, 
at  a  trifling  expense." 

"  When  concrete  is  deposited  in  water,  especially  in  the  sea,  a  pulpy  gelatinous  fluid  exudes  from 
the  oenient,  and  rises  to  the  surface.  This  causes  the  water  to  assume  a  milky  hue;  hence  the  term 
laitance,  which  French  engineers  apply  to  this  substance.  As  it  sets  very  imperfectly,  and 
with  some  varieties  of  cements  scarcely  at  all,  its  interposition  between  the  layers  of  conorete,  even 
in  moderate  quantities,  will  have  a  tendency  to  lessen,  more  or  less  sensibly,  the  continuity  and 
strength  of  the  mass.  It  is  usually  removed  from  the  enclosed  space  by  pumps.  Its  proportion  is 
greatly  diminished  by  reducing  the  area  of  concrete  exposed  to  the  water,  by  using  large  boxes,  say 
from  1  to  IX  cub  yds  capacity,  for  immersing  the  ooncrete." 

Weiffht  of  yood  concrete  130  to  160  lbs  per  cub  ft,  dry. 

Cost  of  concrete  $5  to  $9  per  cub  yard  if  roughly  deposited ;  and  $9  to  $15 
if  first  made  into  blocks;  depending  on  size,  cement,  locality,  wages,  Ac. 

HI.  F.  Coijpnet's  beton.  The  artificial  stone  which  bears  this  engineer's 
name  has  for  several  years  .been  used  in  France  with  perfect  success,  not  only  for 


These  are  first  well  mixed  together  dry,  and  then  placed  in  a  mixing-mill ;  at  tbe  same  time 
sprinkling  them  with  .3  to  .4  measure  of  water,  so  as  to  moisten  them  slightly,  without  wetting 
them.  They  are  then  thoroughly  incorporated  by  mixing,  until  they  form  a  stiff  pasty  mass, 
slightly  coherent.  This  Is  then  placed  in  a  mould,  in  successive  thin  layers,  each  of  whioh  Is  well 
compacted  by  blows  of  a  16  S)  rammer.  The  top  of  each  layer  may  be  scored  or  cross-out,  to  make 
the  next  one  uuite  better  with  it.  Owing  to  the  small  proportion  of  water,  It  sets  soon ;  and  may 
generally  be  taken  from  the  monld  in  from  a  few  hours  to  a  few  days,  depending  on  the  size  of  the 
block ;  and  left  to  harden.  River  sand  is  tbe  best,  lnasmuoh  as  it  requires  less  lime  and  cement 
than. pit  sand,  to  make  equally  good  stone. (?)  The  cement  should  be  a  rather  slow-setting  one;  and 
both  it  and  the  lime  should  be  screened,  to  exclude  Inmps.  About  ljtf  bushels,  or  \%  cub  ft  or 
tbe  dry  materials,  make  1  eublc  foot  of  finished  stone,  weighing  about  140  lbs;  resisting  100  to 
130  tons  per  square  foot  at  3  months  old.  250  to  400  in  2  years.  Arches  of  it  are  made  no  thicker 
than  brick  ones.  An  arch,  pier,  wall,  foundation,  fto,  may  be  built  of  it,  as  one  stone,  instead  of 
in  separate  blocks.  In  sewers  the  centers  may  be  struck  within  10  to  15  honrs  after  the  arch  is 
finished ;  and  tbe  water  may  be  admitted  within  a  week  or  less.  The  distinctive  features  of  Goignet's 
beton  are:  the  very  small  proportion  of  water;  the  thorough  incorporation  of  the  ingredients;  and 
the  consolidation  of  the  separate  layers  by  ramming.  It  is  difficult  for  a  person  who  has  never  seen 
the  process,  to  credit  the  rapidity,  facility,  and  economy  with  whioh  blocks  of  good  stone  can  be 
Pied*  by  it.  Its  cost,  as  compared  with  perfectly  plain  dressed  granite,  does  not  exceed  one-half; 
while  for  ornamental  work  it  compares  even  far  more  favorably.  Hence  the  Goignet  beton,  or  artifi- 
cial stone,  is  nothing  more  than  good,  well-prepared  mortar,  mixed  with  -ery  little  water;  and  well 
rammed  into  moulds,  in  successive  layers.  A  mixture  of  1  measure  of  hydraulic  cement,  and  3 
measures  of  sand,  similarly  treated,  has  been  successfully  u*ed  in  tbe  U.  S.,  for  some  rears,  in 
buildings. of  all  kinds.  Ornamental  work  can  be  furnished  at  J£  the  prioe  of  stone;  and  will  answer 
equally  well.    For  full  information.,  see  Glllmore's  "  Colgnet  Beton." 
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Transverse  Strength  of  Concrete  Beams.* 

Average  results  of  24  beams,  10  ins  square,  made  of  good  Roseudale  and  English 

Portland  cements,  pit  sand  and  screened  pebbles,  few  exceeding  1  inch  diam.    The 

lieams  were  buried  for  6  months,  in  a  pit  4  ft  deep,  in  gravelly  soil,  exposed  to  the 

rain,  snow,  Ac.    A  first  set  of  beams  all  broke  on  being  taken  from  the  moulds  aftrr 

7  or  8  days,  although  carefully  handled.    To  avoid  this,  the  bottom  of  the  pit  itself 

was  rammed  to  a  smooth,  hard  surface ;  immediately  upon  which  a  new  set  was 

made  by  ramming  the  concrete  into  2  inch  planed  plank  moulds  without  bottoms. 

The  moulds  were  removed  after  24  hours,  and  when  all  were  done  the  earth  was 

■  filled  in  over  the  undisturbed  beams.  Very  little  of  the  soil  adhered  to  them.  Their 

wt  in  all  cases  when  tested  was  about  150  lbs  per  cab  ft,  or  620  Ibe  wt  of  6  ft  clear 

span  of  beam ;  one  half  of  which,  or  280  lbs,  must  be  deducted  from  the  cen  breakg 

loads  of  the  5  rt  spans  below ;  and  124  lbs  from  the  2  ft  4.5  ins  ones.    The  coefficient 

or  Constant  C  is  the  cen  breakg  load  in  lbs  for  a  beam  1  inch  square,  and  1  ft 

clear  span,  like  those  in  table  p  493;  and  like  them  is  found  I  y  the  formula  at  top 

of  p.  492.    Its  use  is  shown  by  the  formula  at  foot  of  p  492. 


Center  Breaking 

load  in  lbs,  including  half 

wt  of  beam. 


Proportions  of  mate- 
rials by  measure. 


Cement. 

Sand. 

Rosendale  1 

1 

Portland  1 

1 

"          1 

2 
3 
3 

4 
6 

Pebbles. 

5 

7 

7 

.     9 

11 


Span  2  ft  4.5  ins. 

1782 
all  broke  in 
3926 
3648 
2822 


Spau  5  ft. 

690 
tandling 
1995 

1190 


Constant  e. 


3.7 

9.8 
8.1 
6.2 


*  This  useful  table  and  that  on  p  677  were  kindly  furnished  us  by  Eliot  C. 
Clarke,  Esq.>  then  Principal  Ass't  in  charge  of  the  Improved  Sewerage  Works  of 
Boston,  Mass. ;  for  which  tho  experiments  were  made.    See  also  **  Mr.  Eliot  C. 

Clarke",  p  678. 


ItETA.INING-WAl.IJ*. 

EETAmraa-wAiLs. 


Experience,  rath 


When  the  backing  Is  deposited  loouely.  an   ungiil,  at  what 
damped  Jrtim  corlt,  tart,  ifcd. 
Wall  of  aU-uimt,  or  of  firiUloMt  largo  raugod  nJAlo, 

"    wtU4tMud  in  "&•!* ■■— ■  s>  ■■ 

See  Tmbla,  p  WO. 
Wlin.  the  bnckinjc  I*  somewhat  consolidated  In  nor  layers, 

each  or  tbsw  ILickiiMws  mxs  Iw  reduced,  but  no  rale  cbq  Iw  fn  fur  thla. 
Tba  onset  o  e.  in  front  of  the  wall,  is  not  included  in  Uhiu  thick  nwsm. 


In.  1.  A  mixture  of  sand,  or  earth,  with  a  tarfcr  proportion 

nr  uormi.  lumjo'   ...Inn  iihhn.lt,  "ill  a.jlK> .i.i,I:t„IiI ,  „.,„■■  •!,:, ,-  „.«!.■, iol.  imlintrllT 

Rib.  2.  n«  wull  will  be  ■troDRar  If  all  the  ronnm  or  nrnwnrj  be  laid 
with  an  Inclination  Inward,  aa  at  otb;  especially  if  of  dry  masonry, 
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ing  the  courses,  is  to  place  the  joints  more  nearly  at  right  angles  to  the  direction 
/P,  Figs  6,  7,  and  8,  of  the  pres  against  the  back  of  the  wall;  and  thus  diminish 
the  tendency  of  the  stones  to  slide  on  one  another,  and  cause  the  wall  to  bulge. 

When  the  courses  are  bor,  there  is  nothing  to  pre- 
vent this  sliding,  except  the  friction  of  the  stones,  one  upon  the  other,  when  of  dry 
masonry;  or  friction  and  the  mortar,  when  the  last  is  used.  But  if,  as  is  frequently 
the  case,  (especially  in  thick  and  hastily  built  walls,)  this  has  not  had  time  to  harden 
properly,  it  will  oppose  but  little  resistance  to  sliding.  But  when  the  courses  are 
inclined,  they  cannot  slide,  without  at  the  same  time  being  K/Ud  up  the  inclined 
planes  formed  by  themselves.  In  retaining- walls,  as  in  the  abuts  of  important 
arches,  the  engineer  should  place  as  little  dependence  as  possible  upon  mortar ;  but 
should  rely  more  upon  the  position  of  the  joints,  for  stability. 

Anjonjeetion  to  this  inclining  of  the  Joints  in  dry  (without  mortar)  walls,  is  thai  rata* water,  falling 
on  the  battered  face,  is  thereby  carried  inward  to  the  earth  backing:  whlah  thos  booomes  soft;  and 
settles.  This  may  be  in  a  great  measure  obviated  by  laying  the  outer  or  face-courses  hor:  or  by 
using  mortar  for  a  depth  of  only  about  a  foot  from  the  faee.  The  top  of  the  wall  should  be  protected 
by  a  ooplng  o  d,  Fig  1,  which  had  better  project  a  few  ins  in  front.  After  the  masonry  has  beam 
built  up  to  tbe  surface  of  the  ground,  the  foundation  pit  should  be  filled  op;  and  it  is  well  to  eon- 
solidate  the  filling  by  ramming,  especially  in  front  of  the  wall. 

The  back  d  J>  of  the  wall  shonld  be  left  rough.    In  brickwork  it 

would  be  well  to  let  every  third  or  fourth  course  project  an  inch  or  two.  This  increases  tbe  friction 
of  the  earth  against  the  back,  and  thus  causes  the  resultant  of  the  forces  acting  behind  the  wall  to 
beoome  more  nearly  vert ;  and  to  fall  farther  within  the  base,  giving  increased  stability.  It  also  con- 
duces to  strength  not  to  make  each  course  of  uniform  height  throughout  the  thickness  of  tbe  wall; 
but  to  have  some  of  tbe  stones  (especially  near  the  back)  sufficiently  high  to  reach  up  through  two  or 
three  courses.  By  this  means  the  whole  masonry  becomes  more  effectually  interlocked  or  bonded 
together  as  one  mass ;  and  therefore  less  liable  to  bulge.  Very  thick  walls  may  consist  of  a  facing 
of  masonry,  and  a  backing  of  concrete. 

Ran.  S.  It  is  tbe  pres  itself  of  the  earth  against  tbe  back,  that  creates  the  friction,  which  is  tarn 
modifies  the  action  of  tbe  pres ;  as  tbe  wt  or  pres  of  a  body  upon  an  inclined  plane  produces  friotsoa 
between  the  body  and  tbe  plane,  sufficient,  perhaps,  to  prevent  tbe  body  from  sliding  down  it.  A  re- 
taining-wall  is  overthrown  by  being  made  to  revolve  around  its  outer  toe  or  edge  s,  Fig  1,  as  a  Ad* 
oram,  or  turning-point;  but  in  order  thus  to  revolve,  its  back  must  first  plainly  rise;  and  in  doing 
so  must  rub  against  the  backing,  and  thus  encounter  and  overcome  this  friction.  The 
friction  exists  the  same,  whether  the  wall  stands  firm  or  not ;  as  in  the  oase  of  tbe 
body  on  an  inclined  plane ;  the  only  diff  is  that  in  one  oase  it  prevents  motion;  and 
in  the  other  only  retard*  it. 

Where  deep  freezing:  occurs  the  back  of  the  wall  should 
be  sloped  forwards  for  S  or  4  ft  below  its  top  as  at  c  o,  whioh  should  be  quite  smooth 
so  as  to  lessen  the  hold  of  the  frost  and  prevent  displacement. 

Rem.  4.    When  the  wall  to  too  thin,  it  will  generally  fait 
by  bullring1  outward,  at  about  %  of  its  height  above  the 

S round,  as  at  a,  in  Fig  2.  A  slight  bulging  in  a  new  wall 
oes  not  necessarily  prove  it  to  be  actually  unsafe.  It  is 
generally  due  to  the  newness  of  the  mortar,  and  to  the 
greater  pres  exerted  by  the  fresh  backing ;  and  will  often 
cease  to  increase  after  a  few  months.  It  need  not  excite 
apprehension  if  it  does  not  exceed  \6  inch  for  each  foot  iu 
thickness  at  a.    See  Remark  3,  Art  7,  p  691. 

Art*  2«  The  young  engineer  need  not  in  practice  concern  himself  particularly  about  the  rwMcmm 
sp  obav  or  his  BACirms,  or  about  the  awols  or  slops  at  whioh  It  win  stand ;  for  the  material  which 
be  deposits  behind  his  wall  one  day,  may  be  dry  and  Incoherent,  so  as  to  slope  at  l>fj  to  1 :  tbe  neat 
day  rain  may  ooovert  it  into  liquid  mud,  seeking  its  own  level,  like  water ;  the  next  It  may  be  lea. 
capable  of  sustaiulug  a  considerable  load,  as  a  vert  pillar. 

Moreover,  he  cannot  foretell  what  may  be  the  nature  of  his  backing;  for.  as  a  general  rule.  thU 
must  consist  of  whatever  the  adjacent  excavation  may  prnduoe  from  time  to  time ;  sand  to-day.  reek 
to-morrow,  Mo.  Betaining-walls  are  therefore  usually  built  before  the  engineer  knows  the  character 
of  their  banking;  so  that  In  pracUoe,  these  theoretioal  considerations  have  comparatively  but  little 
weight.  Theory,  uncontrolled  by  observation  and  common  sense,  will  lead  to  great  errors  in  every 
department  of  engineering ;  but,  on  the  other  hand,  no  amount  of  experience  alone  will  oompensau 
for  an  ignorance  of  theory.    The  two  must  go  hand-1n-band. 

Again,  the  settlement  of  the  backing-  under  ltd  own  wt.  aided 

by  the  tremors  produced  by  heavy  trains  at  high  speed ;  its  expansion  by  frost,  or 
by  the  infiltration  of  rain  •,  the  hydrostatic  pressure  arising  from  the  admission  of 
the  latter  through  cracks  produced  in  the  hacking  during  long  droughts ;  as  well  as 
its  lubricating  action  upon  it,  (diminishing  its  friction,  and  giving  it  a  tendency  to 
slide,)  Ac,  exert  at  times  quite  as  powerful  an  overturning  tendency  as  the  legitimate 
theoretical  pres  does.  The  action  of  these  agencies  is  gradual.  Careful  observation 
of  retaining-walls  year  after  year,  will  often  show  that  their  battered  frees  are  bo- 
coming  vertical.  Then  they  will  begin  to  incline  outward ;  and  eventnally  the  wall 
wifl'&U.    Theory  qmits  loacfs  ftat  inay  pomo  on  backing  increasing  its  pres. 
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Assuming  the  theoretical  views  advanced  by  Professor  Moeeley  to  be  correct  as 
theories,  the  thicknesses  which  we  have  recommended  in  Art  1,  for  mortar  walls, 
correspond  to  from  7  to  14  times;  and  for  dry  walls  about  10  to  20  times,  the  pres 
assigned  by  him ;  and  we  do  not  consider  ours  greater  than  experience  has  shown 
to  be  necessary.  See  Table  3.  Retaining-walls  designed  by  good  engineers,  but  in 
too  close  accordance  with  theory,  (which  assumes  that  a  resistance  equal  to  twice 
the  theoretical  pres  is  sufficient,)  have  failed ;  and  the  inference  is  fair  that  many  of 
those  which  stand  have  too  small  a  coefficient  of  safety. 

The  fact  is,  (or  at  least  so  it  appears  to  us,)  there  must  be  defects  Id  the  theoretical  assumptions  of 
some  of  tbe  most  prominent  writers  who  give  practical  rales  on  this  subject.  Thus  PonceJet,  who 
certainly  is  at  their  head,  states  that  his  tables,  for  practical  use,  give  thicknesses  of  base  for  sus- 
taining 1  j2L  times  the  theoretical  pres ;  and  this  he  considers  amply  safe.  Yet,  for  a  vert  wall  or  cot 
granite,  his  base  for  sustaining  dry  sand  level  with  the  top,  as  in  Fig  1,  is  .85  or  the  vert  height; 
and  for  brick.  .45.  But  tbe  writer  found  that  when  not  subject  to  tremor,  a  wooden  model  of  a  vert 
wall  weighing  but  28  lbs  per  oub  ft,  and  with  a  base  or  .85  of  its  height,  balanced  perfectly  dry  sand 
■loping  at  IX  to  1,  and  weighing  8»  lbs  per  cub  ft. 


NOW,  THK  KESHTANCB  OF   SIMILAR  WALU,   or  THE   8 AMR    DIlfSNglOirS, 

vabiks  as  thbib  SPECIFIC  ORAViTiu ;  and,  since  granite  weighs  about  165 
lbs  per  cub  foot,  or  6  limes  as  much  as  our  model,  it  follows,  we  conceive, 
that  a  wall  or  that  material,  with  a  base  or  .35  or  its  height,  must  have 
a  resistance  of  6  times  any  true  theoretical  pres,  instead  of  onlv  1.8 
times;  and  that  his  brick  wall  must  have  about  5  times  the  mere  bal- 
ancing resistance.  Our  experiments  were  made  in  an  upper  room  of  a 
strongly  built  dwelling ;  and  we  found  that  the  tremor  produced  by  pass- 
ing vehicles  in  tbe  street,  by  the  shutting  of  doors,  and  walking  about 
the  room,  sufficed  to  gradually  produce  leaning  in  walls  of  considerably 
more  than  twice  the  mere  balancing  stability  while  quiet ;  and  it  appears 
to  ns  that  the  injurious  effects  of  a  heavy  train  would  be  comparatively 
qnite  as  great  upon  an  actual  retaining- wall,  supporting  so  fncohe*ive 
a  material  as  dry  sand. 

Since,  therefore,  Ponoelet's  wall  is  in  this  instance  sufficiently  stable 
for  practice,  it  seems  to  us  that  bis  theory,  which  neglects  tbe  effect  or 
tremors,  Ac,  must  be  defective.  He  also  gives  -J  of  tbe  height  as  a  suf- 
ficiently safe  thickness  for  a  vert  granite  wall  supporting  stiff  earth;  but 
we  suspect  that  very  few  engineers  would  be  willing  to  trust  to  that  pro- 
portion, when,  as  usual,  the  earth  is  dumped  in  from  carts,  or  cars ;  espe- 
cially during  a  rainy  period.    If  deposited,  and  consolidated  in  layers, ' 

theory  could  scarcely  assign  any  thickness  for  the  wall ;  for  the  backing  thus  becomes,  as  it  were,  a 
mass  of  unburnt  brick,  exerting  no  hor  thrust;  and  requiring  nothing  but  protection  from  atmospheric 
influence,  to  insure  its  stability  without  anyt retaining-  wall.  It  is  with  great  diffidence,  and  distrust 
in  our  opinions,  that  we  venture  to  express  doubts  respecting  the  assumptions  of  so  profound  an  in- 
vestigator and  writer  as  Poncelet ;  and  we  do  so  only  with  the  hope  that  the  views  of  more  compe- 
tent persons  than  ourselves,  may  be  thereby  elicited.  Our  own  have  no  better  foundation  than  ex- 
periments with  wooden  and  brick  models,  by  ourselves ;  combined  with  observation  or  actual  walls. 

Art,  3.  After  a  wall  ab  co,  Fig  3,  with  a  vert  back,  has  been  proportioned  by 
our  rule  in  Art  1,  it  may  be  converted  into  one  with  an  offsetted 

back,  a&ain  o.  This  will  present  greater  resistance  to  overturning;  and  yet  con- 
tain no  more  material.  Thus,  through  the  center  t  of  the  back,  draw  any  line  in; 
from  n  draw  n  .«,  vert ;  divide  i  *  into  any  even  number  of  equal  parts ;  (in  the  fig 
there  are  4 ;)  and  divide  *  n,  into  one  more,  equal  parts ;  (in  the  fig  there  are  5.)  From 
the  points  of  division  draw  hor,  and  vert  lines,  for  forming  the  offsets,  as  in  the  fig. 
In  the  offsetted  wall,  the  cen  of  grav  is  thrown  farther  back  from  the  toe  o,  than 
in  the  other,  thus  giving  it  increased  leverage  and  resistance;  but  within  ordinary 
practical  limits,  the  diff  is  very  small ;  and  since  the  triangle  of  supported  earth  is 
greater  than  when  the  bxck  is  vert,  its  pres  is  also  greater ;  so  that  probably  no  ap- 
preciable advantage  attends  that  consideration.  The  increase  of  thickness 
near  the  base,  diminishes,  however,  the 
leverage  v  a,  Fig  8,  of  the  pres /P,  of  the 
earth  against  the  back.  The  center  of  pressure  of 
this  pres  is  in  both  cases  at  X/A  the  vert  height,  meas- 
ured from  the  bottom;  and  it' is  therefore  plain  that 
the  farther  back  from  the  front  it  is  applied,  the  shorter 
must  v  a  become.  Moreover,  in  the  offsetted  back,  the 
direction  of  the  pres  becomes  more  nearly  vert  than 
when  the  back  is  upright.  It  is  to  these  causes,  rather 
than  to  the  throwing  back  of  the  cent  of  grav,  that 
the  offsetted  wall  owes  its  increase  of  stability  over 
one  with  a  vert  back. 

Art.  4.  When,  as  in  Fig  4,  the  backing  is  higher  than  the 
wall,  and  slopes  away  from  its  inner  edge  d,  at  the  natural  slope  d  s,  of  1V£  to  1,  we 
are  confident  that  the  following  thicknesses  at  base  will  at  least  be  found  sufficient 
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for  vert  walls  with  sand.  They  are  deduced  from  tbe  experiments  jiist  alluded  to, 
and  are  but  rude  approximations,  with  no  scientific  basis.  We  should  not  have  in- 
serted them,  but  for  the  fact  that  we  know  of  no  others  for  this  case.    See  p  680. 

The  first  column  contains  the  vert  height  s  v,  of  the  earth,  as  compared  with  the 
vert  height  of  the  wall ;  which  latter  is  assumed  to  be  1 ;  so  that  the  table  begins 
with  backing  of  the  same  height  as  the  wall,  as  in  Fig  1.  These  vert  walls  may  be 
changed  to  others,  with  battered  faces,  by  Art  8 ;  or  without  any  such  proceeding, 
their  faces  may  be  battered  to  any  extent  not  exceeding  i%  inches  to  a  foot,  or  1  in 
8,  without  sensibly  affecting  their  stability,  without  increasing  the  base. 


• 

TABLE  1.    (Ori 

ginal.) 

•B^'S     ^ 

ta$ 

t.  *5 

SUE 

S  «  o 

•43  £ 
§•* 

J3  J3  s> 

Wall 

Good 

Wall 

Good 

*»►»>. 

of 

Mortar 

Wall 

of 

Mortar 

Wall 

o-S.2 

Cut  Stoue, 

Rubble, 

of 

o-Si 

Cat  Stone 

Rabble, 

or 

height 
ured  wi 
>  wall  a 

in 
Mortar. 

or 
Briok. 

good  dry 
Rubble. 

>tal  height 

niparedwi 

the  walla 

Mortar. 

or 
Briok. 

good  dry 
Babble. 

5a- 

Thiekue 

rm  at  Bane,  in 

parts  of 

Thickness  at  Raw.  in  parts  or 

©  Oi. 

tbe  height. 

the  height. 

1. 

.35 

.40 

.50 

2. 

.68 

.63 

.73 

1.1 

.42 

.47 

.57 

2.5 

.60 

.65 

.75 

1.2 

.46 

.51 

.61 

S. 

.62 

.67 

.77 

1.S 

.49 

.54 

.64 

4. 

.63 

.68 

.78 

1.4 

.51 

.56 

.66 

6. ' 

.64 

.69 

.79 

1.5 

.51 

.57 

.67 

9. 

.65 

.70 

M 

1.6 

M 

.59 

.60 

14. 

.66 

.71 

.81 

1.7 

.55 

.60 

.70 

25. 

1.8 

.56 

.61 

.71 

or  more 

.68 

.73 

.83 

Art,  5.  But  when  the  slope  n  r.  Fig  5,  of  \%  to  1,  starts  from  the  outer  edge  n 
of  the  wall,  greater  thickness  is  required.  Poncelet  gives  the  following  for  this 
case,  for  dry  sand. 

TABLE  2. 


Fig.  5. 


Wall 

of 

Brickwork. 


.452 
.498 
.548 
.604 
.665 
.726 
.778 
.624 
.847 
.90S 
.930 


»  «» 

•S-c 

ts 

a  • 

Wall 

cS 

of 

5"E 

Cat  Stone 

*S  . 

In 

la* 

Mortar. 

£S. 

2.4 

.762 

30 

.811 

4.0 

.862 

6.0 

.883 

11.0 

.909 

21.0 

.922 

31.0 

J926 

Infinite. 

.934 

Wan 

«r 

Brisk  werk. 


1.02 
1  11 
1.18 
1.25 
128 
1.31 
1.32 
1.34 


When  the  earth  reaches  above  the  top  orthewall.au  in  Figs  4  and  5.  tbe  wall  la  ■NrctlRa*sr*dl 
and  the  earth  that  is  above  the  top,  id  oalled  tbe  souch  amk.   When  the  surcharge  ia  earefuUy  deposited 
above  the  wall.  so  as  to  slope  back  at  a  steeper  angle  than  1)4  to  1.  as  say  at  1  to  1.  theory  does  net 
require  the  wall  to  be  as  thiok.    Notwithstanding  Poneelet's  high  position,  tbe  writer  cannot  imagine 
that  the  base  of  a  brick  wall  need  be  so  great  as  1  %  times  its  height  for  any  height  of  sand  whatever. 

Art.  6.    On  the  theory  of  retain! tig-walls.    Let  6  e  a  m,  rig  6,  be 

such  a  wall,  upholding  backing  or  filling  c  smg ;  the  upper  surf  c  s  of  which  is 
hor,  and  level  with  the  top  b  c  of  the  wall ;  and  let  m  s  represent  the  nat  slope  of  the 
earth  which  composes  the  backing;  mg  being  hor. 

Abundant  experience  on  public  works  shows  that  this  slope,  whether  for  sand,  gravel,  or  earth, 
when  dry,  may  be  practically  taken  at  \%  to  1 :  that  in,  1J4  hor.  to  1  of  vert  measurement;  which 
corresponds  to  an  angle  «  mg  of  33°  41'  with  the  hor :  whloh  is  also  about  the  angle  at  whtoh  bricks 
and  roughly  dressed  masonry  begin  to  slide  on  eaoh  other.    This  angle,  however,  varies  consraera* 
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My;  being  greatly  influenced  by  tbe  degree  of  dryness,  or  dampness,  of  the  material ;  m>  tbat  mode- 
rately damp  saod  or  earth  will  stand  at  a  slope  of  1  to  1,  or  at  an  angle  of  45°.  Whatever  it  may  be, 
It  is  called  the  anguc  or  hat  slops  of  the  material  under  consideration.  In  theoretical  calculations 
for  walla,  it  is  safest  to  assume  (as  we  have  done  throughout)  that  the  backing  is  perfectly  dry,  since 


Its  pre*  is  then  greatest ;  unless  it  he  supposed  to  be  so  wet  as  to  possess  some  degree  of  fluidity.  The 
triangle  emiof  earth  above  tbe  nat slope  «•*,  tends  to  slide  down  said  slope,  but  is  prevented  from 
so  doiug  by  tbe  wall. 

It  U  assumed  in  all  eajes,  tbat  tbe  wall  is  secured  from  tliding  along  its  base. Art  9.  p  693,  that  it  is 
thick  enough  to  prevent  failure  by  bulging;  and  that  it  will  fail  only  by  overturning,  by  rotating 
around  its  toe,  a,  as  a  fulcrum.  Tbe  thickness  necessary  to  insure  safety  against  the  last  will  also  be 
sufficient  to  prevent  bulging.  Now  referring  only  to  Fig  6  with  a  vert  back,  if  the  angle  ems,  con- 
tained between  the  natural  slope  sa  *,  and  a  vert  line  m  o,  drawn  from  the  inner  bottom  edge  m  of 
the  wail,  be  divided  by  a  line  sa  t,  into  two  equal  angles,  o  m  «,  t  m  #,  then  the  angle  omtn  oaiied 
tbc  amvlm.  and  m  t  thb  slops,  or  maximum  pbbssubjc  The  triangular  prism  of  earth,  of  which 
omtias  section,  or  an  end  view,  is  called  the  prism  or  max  pres  ;  because,  if  considered  as  a  wedge 
acting  against  the  back  of  the  wall,  it  would  produce  a  greater  pres  npon  it  than  would  the  entire 
triangle  c  sa  «  of  earth,  considered  as  a  single  wedge.  For  aitbough  tbe  last  is  the  heaviest,  yet  it  is 
more  supported  by  the  earth  below  it.  Calculation  shows  that  if  we  oonslder  the  earth  o  m  a  to  be 
thus  div  into  wedges  by  any  line  m  t,  the  wedge  that  will  press  most  against  the  wall  is  that  formed 
when  sa  t  divides  the  angle  o  m  «,  or  the  arc  o  i,  into  two  equal  parts.    But  see  Art  11. 

Since  m  0  is  bor,  and  m  o  vert,  the  two  form  an  angle  or  90° ;  consequently  the  angle  of  max  pres 
Is  plainly  round  by  taking  tbe  angle  stag  of  na£  slope  from  90°,  and  div  the  rem  by  2.    Thus  a  nat 


slope  of  IX  to  1,  or  33°  41',  taken  from  *XP,  leaves  56°  18' ;  and   *•?.  18_ 

2 


28°  9%  the  cor- 
responding^ Miffle  o  m  t  of  mm  pres. 

For  ease  of  calculation,  only  one  foot  of  the  length  of  the  wall,  and  of  Its  backing,  is  usual! r  con- 
sidered. The  number  of  etift  ft  of  wall,  or  of  backing,  is  then  equal  to  that  of  the  tquare  feet  in 
their  respective  profiles,  or  cross-sections. 

Now,  according:  to  Moseley,  if  we  assume  the  particles  of  earth  composing  the 
backing  to  be  perfectly  dry,  and  devoid  of  cohesion,  (or  tendency  to  stick  to  each 
other,)  which  is  very  nearly  the  case  in  pure  sand ;  and  if  we  suppose  the  wall  to  be 
suddenly  removed,  then  the  triangle  of  earth  cmt,  comprised  between  the  slope  mt 
of  max  pres,  and  the  vert  back  c  m  of  the  wall.  Fig  6,  would  slide  down,  under  the  in- 
fluence of  a  force  which  may  be  represented  by  yP,  acting  in  a  direction  y  P,  at  right 
angles  to  tbe  face  c  m  of  the  triangle  of  earth ;  (or  in  other  words,  at  right  angles 
to  the  back  of  the  vert  wall,)  its  center  of  force  being  at  P,  distant  %  wuv  between 
»m  and  c,  measured  from  the  bottom ;  and  its  amount  equal  to  either  of  the  following: 

j^rppres       r?2  of  the  triangle  of  earth  c  m  t  X  o  t 
y  P  vert  deptli  o  m  ' 


Hoi. 


or 


M©». 


Wt  of  a  single  cub .,  ._  Arf.  „  «. 
Perppre*  ^  ft  of  the  backing  X  *7  «/  o  t 


2. 


See 

-  Art.  11, 

p  692. 


In  view  of  the  great  uncertainty  involved  in  the  matter  of  the  actnal  pressure  of 
earth  against  retaining- walls  in  practice  (see  Art  2.  ),  and  in  order  to  furnish 

a  simple  rule  which,  although  entirely  unsupported  by  theory,  is  still  (in  the  writer's 
opiniou)  sufficiently  approximate  for  ordinary  practical  purposes,  we  shall  assume 
that  No  1  of  the  two  foregoing  formulas  applies  near  enough  to  walls  with  in- 
clined backs  e  m,  also,  as  Figs  7  and  8,  (precisely  as  they  are  lettered,)  at  least 
until  the  back  of  the  wall  inclines  forward  as  much  as  6  Ins 
hor,  to  1  foot  vert,  or  at  an  angle  cm o  of  26°  34'.  What  follows  on 
retaining- walls  will  Involve  this  incorrect  assumption,  and 
must  be  regarded  merely  as  giving:  safe  approximation. 

Some  appear  to  assume  this  perp  pres  to  be  the  only  one  acting  against  the  back 
of  the  wall;  and  hence  arrive  at  erroneous  practical  conclusions.  For  when,  in 
order  to  prevent  this  force  from  causing  the  triangle  of  earth  to  slide,  we  place  a 
retaining-wall  in  front  of  it,  then,  instead  of  motion,  tbe  force  will  produce  pres  of 
the  eaith  against  the  wall,  causing  friction  between  the  pressed  surfaces  of  the 
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earth  Kid  wall.  That  Is,  if  a  wall  were  to  begin  to  OTertnru  around  lis  to*  ansa 
fulcrum,  its  back  c  m  must  of  course  rise,  and  iu  so  dulng  must  tub  against  the 
earth  filling  in  contact  wllb  it;  and  Urij  rubbing  would  evidently  net  to  impede  the 

the  angle  of  wnll  frictii'rj,- draw  y/ at  right  nugleN  If 
fP,  or  parallel  tome;  make  P  I  equal  to  yf,  and  eotu- 

{lete  the  parallelogram  Pj/i,  Then  will  iP  represent 
j  the  lame  acale.  the  itman  nt  of  the  friction 
aujnlnat  the  buck  of  the  wall.    Since  the  fric- 


rnllelOMan.P.7 


r/iIifBlea.Q™dbj 


'  I "      afwiafriau*      _ 


palest)  utirl  that  the  angles  of  nat  slop-,  and 
ir  1.5  to  1,  then  ill  Fig.  8,  T  and  8.  if  the  angle 


force  In  Rigid  Bodies,  p  326. 

d  both  the  overturning  tendency  of  the 


ant)  dnw  t!  diagonal  in,  which  will  be  the  reonltaut  of  the  pros/Pand  of  the  wi 
of  the  wall;  and  should  for  safety  be  such  that  aj  be  not  lot  than  about  one-fifth 
of  am,  even  with  >"::■■;  masonry  r:i.)  imyittrti'w  sou.    in  iter  wise  the  great pressure  » 

to  that  the  wall  will  lean  forward.  In  walls  built  by  our  rule,  Art  1,  or  by  table, 
pWKI.aj  will  lie  more  than  one-flfth  of  am.  The  prea/P  if  mult  by  11a  letaiM 
a  v  Mill  Vi  !-..■[  I,.'  ii  1-..I,  I,  ■  ii  r.  .  ,f  Hi-  pM:il.n.li;  ami  Lht>  wt  .if  tin:  wall  mull  by  (to 
livongaa  a  irill  glTB  that  ol  the  mlL  The  wall  is  safe  front  overturning  In  pro. 
ilidi-.i?,  (ii-ctilcMj,  or  staling  L :i 1 0  tli'j  tij.il.  ties  Art.  13,  p  HI. 
■This  uncle  of  whII  rrlrtion  is  that  at  which  a  plane  of  masonry  must 
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Rem.  4.    If  tbe  ettrlla  iIodh  dowmrttrd  from  C.U  e 

at  A  or  15.  instead  „r  being  h„r  as  in  Figs  6,  7,  H,  us,;  [ho  v.  t  of  the  ■K>»     A 

earthemn  inaleadof  cm/,m  n  bring  the- slope  of  mas  pressure.  IS/\ 

in  A   [lie  point  of  ipj.liniUL.ni  will   still   1..'  kt  P  (it  (.m:  Tt.ii-H   of  JEW ^. 

me)  as  in  6,  7,  Sl  Ihil  in  If  itwiij  bo*  link  hither  as  explained  »l 

below  for  Fin  1.  - 

walls  are  those  in  which  the  earth  bat  tins  i--\-f>     V, 

tope  of  the  wills.  ffl/\ 


height,  no  additional  pres  ia  therohr 
thrown  against  the  back  or  tile  wall. 
Jo  also  if  the  earth  slopes  flora  b,  or 


The  approitman-aiouiini 

surcharged,  (as  lu  any  of  the  Figs  4 


gk  col  of  earth,  Fige  6,7,8,  8,  find 

the  wtiif  «tf  tin:  osrl.li  !/..»»  (,  1-  ia  ■!,    ■ 
(J  m  i  r.  Fig  6,  or  6  d  m.  Fig  9  (if  the 

the  front  slope;  oailttlug  any  which,  like  den,  Fig  6,  rests  on  the  top  ■>!'  ttic'woll 

MfESErtrij  }  -  W»  •#  Ibe  ea»l  h  x  J»4», 

Including  the  action  of  the  friction  of  the  earth  against  the  lack  of  the  wnt] ;  neat 
enough  (in  the  writer's  opinion)  foe  practical  purposes  in  so  uncertain!  matter; 
bnt  essential! J  empirical. 

The  direction  of  the  pressure  thus  found  win  bo  the  same  as  when  the 
earth  ii  level  with  the  topic;  namely,  as  in  Figs  Sand  7,  first  draw  a  line,  aa  Py, 
perp  to  the  back  cm,  whether  vert  or  inclined.    'ni.ni  ilmv  another  line,  aa  P/, 

making  the  nnglt,  y  V /  -  tins  a.jgie  „f  v,„ll  friction.  wLicl,  ive  all  along  assume  to 
he  33=  41',  or  1.5  to  1.  Then  P/  will  give  the  direction  of  the  pleasure.  But  Its 
point  of  application  will  not  always  be  at  P  (one-third  of  the  height  of  the  wall 

higher  one  as  a,  when  the  back  fa'cuTty  »"!»»  1  p  or  I  n,  Fig's"  a, -awn  f™r,'i°tl'i* 

complete  tri(in(cli-.  one  of  whose  angles  ia  at  the  inner  top  edge  c  ol  the  wall. 
In  all  other  cases  said  line  for  a  surcharge  will  strike  above  P. 
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Art.  7.  On  page  683,  ?ig  1,  we  recommend  that  the  base  o  *  at  the  ground- 
line  of  well  built  vertical  walls  should  not  be  less  than  .35,  or  .4,  or  .5  of  the 
height  d  s  above  said  line,  depending  on  the  kind  of  masonry.  Bnt  a  wal)  with  a 
battered  (inclined)  front  or  face  as  found  by  Art  8,  (by  which  the  following 

table  was  prepared),  will  be  as  strong,  and  at  the  same  time  contain  less  masonry 
than  a  vert  wall,  although  the  battered  one  will  have  the  thickest  base  o  «. 

Table  3,  of  thicknesses  at  base  o  «,  Fig  1,  and  at  top  c  <Z,  of 
walls  with  battered  faces,  so  as  to  be  as  strong  as  vertical 
ones  which  contain  more  masonry. 

For  the  cnb  yds  of  masonry  above  o  s  per  foot  run  of  wall,  mult  the 
square  of  the  vert  height  d  s  by  the  number  in  the  column  of  cub  yds.  Then 
add  the  foundation  masonry  below  o  s.  See  also  Table,  p  693.  Also  study  Rems  1 
and  2,  Art  8. 

(Original.) 


All  the  walls  below  have  tbe  same  strength 
as  a  vert  one  whose  base  os,  fig  1=  .86 
of  itshtd*. 


Batter,  in 
Ins  to  a  ft. 


0 

3 

?M 
4 

5 

Triangle 


Cut  stone. 


Base,  in 

Top,  in 

pts  of 

pts  of 

ht. 

ht 

.350 

.350 

.352 

.310 

.355 

.270 

.359 

.234 

.364 

.197 

.371 

.163 

.379 

.129 

.389 

.096 

.400 

.066 

.425 

.007 

.429 

.000 

0  yds  per 
ft  run. 


.01296 
.01226 
.01158 
.01098 
.01039 
.00989 
.00941 
.00898 
.00863 
.00800 
.00794 


All  the  walls  below  have  tbe 
same  strength  as  a  vert  one 
whose  base  o  *,  fig  1=.4 
of  itshtrf*. 


Mortar  rabble. 
Base,  in  Top, 


pts  of 
ht. 


.400 
.401 
.403 
.408 
.413 
.419 
.425 
.435 
.446 
.468 
.490 


m 
pts  of 
ht. 

.400 
.359 
.320 
.283 
.246 
.210 
.175 
.143 
.110 
.051 
.000 


0  yds  per 
ft  ran. 


.01482 
.01407 
.01339 
.01280 
.01220 
.01165 
.01111 
.01070 
.01028 
.00961 
.00907 


All  the  walls  below  have  the 
same  strength  as  a  vert 
one  whose  base  os,  fig  1= 
.5  of  its  ht  rfs. 


Dry  rubble. 


Base,  in 

Top,  in 

pts  of 

pts  of 

ht. 

ht. 

.500 

.600 

.501 

.459 

.603 

.420 

.506 

.381 

.510 

.343 

.616 

.308 

.522 

.272 

.528 

.286 

.537 

.204 

.555 

.138 

.612 

.000 

0  yd*  per 
ft  run. 


.01852 
J01778 
.01709 
.01643 
.01580 
.01626 
.01470 
.01415 
.01372 
.01288 
.01188 


Moseley  and  others  quote  Gadroy,  for  a  dry  sakd  slopihq  at  '11°.  It  wonld  be  better  to  oease  from 
eiroulating  snob  evident  mistakes.  Dry  sand  will  stand  at  no  less  angle  for  a  savant  than  for  any- 
body else.  For  practical  purposes,  we  may  say  that  dry  sand,  gravel  and  earths,  slope  at  SS°  41'  or 
1^  to  1 ;  as  abundant  experience  on  railroad  embkts  proves.  Ponoelet  gives  tables  for  waHa  to  rap- 
port dry  earth  sloping  at  1  to  1,  or  45°;  but  as  we  do  not  believe  in  the  existence  of  such  earth,  we 
omit  such  tables.  Sand,  gravel,  and  earths  may  be  moistened  to  diff  degrees,  so  as  to  stand  at  any 
angle  between  nor  and  vert;  and  by  moisteulng  and  ramming,  the  earths  may  be  converted  into  com- 

fiact  masses,  exerting  little  or  no  pres ;  and  may  even  so  continue  after  they  become  dry  ;  being  then, 
o  fact,  a  kind  of  air-dried  brick.  It  is  sometimes  difficult  to  know  whether  earth  or  sand  Is  perfectly 
dry  or  not ;  and  an  exceedingly  small  degree  of  moisture  will  cause  them  to  stand  at  1  to  1,  in  small 
heaps,  such  as  have  probably  been  observed  by  the  authorities  on  the  subject.  The  writer  found  that 
fine  sand  from  the  sea-shore,  and  under  cover,  would  stand  at  1%  to  1  during  warm  dry  weather,  and 
at  1  to  1  when  the  air  was  damp.  Yet  no  diff  whatever  in  its  degree  of  moisture  was  perceptible  to 
the  feeling.  Its  susceptibility  to  dampness  was  of  course  owing  to  salt.  A  few  handfuls  of  dry  earth 
may  perhaps  be  coquetted  into  standing  at  1  to  1  on  a  table ;  but  so  far  as  onr  observation  extends, 
when  it  is  dumped  in  large  quantities  from  carts  and  wheelbarrows.  Its  slope  is  about  IX  to  1 ;  and 
this  we  consider  the  proper  one  to  be  used  in  practical  calculations,  where  safety  is  the  consideration 
of  paramount  importance. 

The  less  the  nat  slope,  the  greater  Is  the  pres  s  and  since  the 

slope  is  least  when  the  backing  is  perfectly  dry,  (omitting  of  course  its  condition 
when  so  absolutely  wet  as  to  become  partially  fluid,)  we  have,  on  the  score  of  safety, 
confined  our  tables  to  dry  backing.  As  stated  in  Art  1,  we  cannot  recommend  dimen- 
sions less  than  those  there  given,  when  we  consider  the  rough  treatment  to  which 
masonry  is  exposed  on  public  works. 

In  carrying  a  road  along  dangerous  precipices,  we  should 
rather  be  tempted  at  times  to  make  thicker  walls.  We  imagine,  for  instance,  that 
the  centrifugal  force  of  a  heavy  train,  whirling  around  a  sharp  curve,  convex  on  the 
dangerous  side,  should  not  be  overlooked  in  designing  walls  for  such  localities.  This 
force  is  hor ;  and  is  applied  near  the  top  of  the  wall :  and,  consequently,  its  leverage 
may  be  considered  as  equal  to  the  height;  whereas  the  theoretical  pres  of  the  Mirth 
is  oblique ;  and  is  applied  at  %  of  the  height  from  the  bottom ;  so  that  its  leverage 
about  the  toe  of  the  wall  is  very  short.  Moreover,  the  simple  weight  of  the  train,  pro- 
duces pres  against  the  wall ;  as  well  as  that  of  the  backing.  All  such. considerations 
■ire  omitted  by  theorists.    The  dangerous  pres  caused  by  tremors,  Ac,  cannot  be 
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RZM  3.   MOSSOYIR,  WHEN  COMMON  MOETAB  IB  ITSSB  WITHOUT  AH  ADMIXTURE  OF  CKMKHT,  Whloh  it  IMTer 

should  be,  in  retaining- walls,  where  durability  is  au  object, a great  batter  is  objee* 
tiouable ;  inasmuch  as  the  rain,  combined  with  frost,  Ac.  sown  destrojrs  the  mor- 
tar, la  such  cases,  therefore,  the  batter  should  not  exceed  1  or  1J<  ins  to  a  ft ;  and 
even  then,  at  least  the  pointiug  of  the  joiuts,  and  a  few  feet  in  height  of  both 
the  upper  and  the  lower  courses  of  masonry,  should  be  done  with  cement,  or 
cement-mortar.  We  have  observed  a  most  marked  diffin  the  corrosion  of  the  mor- 
tar, where,  in  the  same  walls,  with  the  same  exposure,  one  portion  has  been  built 
with  a  vert  face ;  and  another  with  a  batter  of  but  1)4  inch  to  a  foot.  Common 
mortar  will  never  set  properly,  and  continue  firm,  when  it  is  exposed  to  mois- 
ture from  the  earth.  This  is  very  observable  near  the  tops  and  bottoms  of 
abuts,  retaining-walls.  Ac ;  the  lime-mortar  at  those  parts  will  generally  bs 
found  to  be  rendered  entirely  worthless.  A  profile  somewhat  like  Fig  12.  may 
at  times  prove  serviceable,  instead  of  the  triangular.  This  is  the  form  of  the 
Gothic  buttress ;  which  probably  had  its  origin  in  the  cause  just  spoken  of. 

Art.  9.   A  retainingr-wall  may  slide,  without 
T?«Jt  iO        losing:  Its  verticality;  aud,  indeed,  without  any  danger 
JPlQ  1 X*       of  being  overturned.    This  is  very  apt  to  occur  if  it  is  built  upon 
*^  a  hor  wooden  platform ;   or  upon  a  level  surf  of  rock,  or  clay, 

Without  other  means  than  mere  friction  to  prevent  sliding.  This  may  be  obviated 
by  inclining  the  base,  as  in  Fig  I ;  by  founding  the  wall  at  such  a  depth  as  to  pro- 
vide a  proper  resistance  from  the  soil  in  front;  or  in  case  of  a  platform,  by  securing 
one  or  more  lines  of  strong  beams  to  its  upper  surf,  across  the  direction  in  which 
sliding  would  take  place.  On  wet  clay,  friction  may  be  as  low  as  from  J2  to 
%  the  weight  of  tne  wall ;  on  dry  earth,  it  is  about  ^  to  % ;  and  on  sand  or  gravel, 

about  %  to  %.    The  friction  of  masonry  on  a  wooden 
fcl  fcl  Icl         platform,  is  about  _ft_  of  the  wt,  if  dry ;  and  %  if  wet 


Counterforts,  shown  in  plan  at  c  c  c,  Fig  13.  consist  la 
an  increase  of  the  thickness  of  the  wall,  at  its  back,  at  regular  inter* 

F.|  o  vals  of  its  length.    We  conceive  them  to  be  but  little  better  than  a 

I  CI  _L5  waste  of  masonry.    When  a  wall  of  this  kind  fails,  it  almost  in- 

J  variably  separates  from  its  counterforts ;  to  which  It  is  connected 

merely  by  the  adhesion  of  the  mortar ;  and  to  a  slight  extent,  by  the 
bonding  of  the  masonry.  The  table  in  Art  7  shows  that  a  very  small  addition  to  the  base  of  a  watt,  is 
attended  by  a  great  increase  of  its  strength ;  we  therefore  think  that  the  masonry  or  counterforts 
would  be  much  better,  and  more  oheaply  employed  in  giving  the  wall  an  additional  thickness,  along 
Its  entire  length ;  and  for  the  lower  third  or  its  height.  Counterforts  are  very  generally  used  is 
retaining-walls  by  European  engineers;  but  rarely,  if  erer,  by  Americans. 

Buttresses  are  like  counterforts,  except  that  they  are  placed  in  front  of  a  wall  Instead  of  be 
hind  it;  and  that  their  profile  is  generally  triangular,  or  nearly  so.  They  greatly  Increase  its  strength; 
but.  being  unsightly,  are  seldom  used,  except  as  a  remedy  when  a  wall  is  seen  to  be  falling. 

KiAlld-tleS,  or  long  rods  of  irou,  have  been  employed  as  a  makeshift  for  upholding  weak  re* 
taining- walls.  Extending  through  the  wall  from  its  face,  the  land  eud*  are  connected  with  anchors 
of  masonry,  cast-iron  or  wooden  posts ;  the  whole  being  at  some  dist  below  the  surface. 

Retaining1  walls  With  Clirved  profiles  are  mentioned  here  merely  to  can- 
tion  the  young  engineer  against  building  them.  Although  sanctioned  by  the  practice  of  some  high 
authorities,  they  really  possess  no  merit  sufficient  to  compensate  for  the  additional  expense  and  trou- 
ble of  their  construction. 

Art*  10«  Among  military  men,  a  retalning-wall  Is  called  a  revetment.  When  the 
earth  is  level  with  the  top,  a  scarp  revetment;  when  above  it,  a  counterscarp 

revetment,  or  Kdemi-revetmemt.   When  the  face  of  the  wall  is  battered,  a  sloping;  and  when  the  sacs 
Is  battered,  a  countsrsloping  revetment.    The  batter  is  called  the  talllB» 

Art.  11.  The  pres  against  a  wall  Fig  6,  from  sand  etc  level  with  its  top,  is  not 
diminished  by  reducing  the  quantity  of  sand,  until  its  top  width  c  s  becomes  less  than 
that  (c  t)  pertaining  to  the  angle  c  m  t  of  maximum  pres.  The  pres  then  begins  to  di- 
minish, but  in  practice  the  diminution  is  not  appreciable  until  the  iridth  is  reduced  to  about 
one  sixth  of  that  (e  s)  pertaining  to  the  angle  cm  «  of  natural  slope,  or  about  half  of 
e  t.    The  pres  then  begins  to  decrease  rapidly  as  the  width  is  further  reduced. 

Table  4,  of  contents  in  cub  yards  for  each  foot  in  length 
of  retaining-walls,  with  a  thickness  at  base  equal  to  .4  of  the  vert  height. 
if  the  back  is  vert.  If  the  back  is  stepped  according  to  the  rule  in  Art  3,  p  686,  the 
proportionate  thickness  at  base  will  of  course  be  increased.  Face  batter,  1}£  inches 
to  a  foot ;  or  J/£th  of  the  height.  Back  either  vert,  or  stepped  according  to  the  role 
in  Ait  3,  Fig  3.  The  strength  is  very  nearly  equal  to  that  of  a  vert  wall  with  a 
base  of  .4  its  height.  See  table,  p  600.  Experience  has  proved  that  such  walls, 
when  composed  of  well-scabbled  mortar  rubble,  are  safe  under  alt  ordinary  circum- 
stances for  earth  level  with  the  top.  Steps  or  offsets,  o  et  at  foot,  Fig  1,  are  not  here 
included. 
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d.,i.  [[».  ■'.»,  iu  soffit,  or  Intnulo! 

ItdoH.     The  terms  aotflt  and  back  are  a 

h  the  arch  rpratgi,  are  the  ■kenb*clti. 


level  with  !  and  o,  it  right  a»ttle»  to  the  (urea  of  the  arch,  and  forming  the  lower 
edges  of  IU  feci,  (see  nn,  Fig  *fin)  are  the  springing  lines,  or  apri*Ka.  The 


The  center  one,  la,  Ib  the  keystone;  and  the  lo«Ht  ulwt,  ii,  the  sprl  nicer*. 
The  term  archblock  tnlnht  be  aubatituted  [or  vouaaoir,  and  like  It  would  apply  to 
brick  or  other  material,  as  well  aa  lo  Hone.  The  parle  lr,  Ir.in  the  hannehra: 
and  the  spaces  1  i-  I,  I  r  b,  abort  these,  are  the  aparKtrel*.  The  material  depiaUed 
In  these  spares  la  the  apiandrel  HIHny ;  ft  la  eudiBtiaiss  earth,  aometlmea  nia- 
eourj  ;  or  partly  of  each,  us  in  Fig  1. 


nrebPH,    whether    elr- 
enlitr  or  elliptic.* 

Find  the  rad  e  %  Fir  1,  which 
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Depth  of key  YRad  -f  half  span     +  no  foot 

infeet  4  t   •  j     • 

For  second-class  work,  this  depth  may  be  increased  about  V£th  part;  or 
for  brick  or  fair  rabble,  about  J^rd.    See  table  of  Keystones,  p  697. 

In  large  arches  it  is  advisable  to  increase  the  depth  of  the  archstones  toward  the 
springs ;  but  when  the  span  is  as  small  as  about  60  to  80  or  100  feet,  this  is  not  at  all 
necessary  if  the  stone  is  good ;  although  the  arch  wijl  be  stronger  if  it  is  done.  In 
practice  this  increase,  even  in  the  largest  spans,  does  not  exceed  from  %  to  %  the 
depth  of  the  key;  although  theory  would  require  much  more  in  arches  of  great  rise. 

Rem.  T©  find  the  rad  e  o,  whether  the  arch  be  circular  or  elliptic  Square 
half  the  span  e  o.  Square  the  whole  rise  i  a.  Add  these  squares  together;  div  the 
sum  by  twice  the  rise  t  a.  Or  it  may  be  found  near  enough  for  this  purpose  by  the 
dividers,  from  a  small  arch  drawn  to  a  scale 


Amount  of  pressure  sustained  by  archstones.  In  bridges  of 
the  same  width  of  roadway ;  if  all  the  other  parts  w>re  to  each  other  the  same  propor- 
tion as  the  spans,  the  total  pres  would  increase  as  the  squares  of  the  spans,  while  the 
pressure  per  square  foot  would  increase  as  the  spans.  But  in  practice  the  depth  of  the 
archstones  increases  much  less  rapidly  than  the  span ;  while  the  thickness  of  the 
roadway  material,  and  the  extraneous  load  per  sq  ft,  remain  the  same  for  all  spans. 
Hence  the  total  pressures,  at  key  and  at  spring,  increase  less  rapidly  than  the  squares 
of  the  spans  ;  but  more  rapidly  than  the  simple  spans;  as  do  also  the  pressures  per 
square  foot.  Thus  in  two  bridges  of  the  same  width,  but  with  spans  of  100  and  200  ft, 
with  depths  of  archstones  taken  from  our  table  page  697,  and  uniform  from  key  to 
spring;  supposed  to  be  filled  up  solid  with  masonry  of  160  lbs  per  cub  ft  to  a  level  of 
about  15  inches  above  the  crown,  (including  the  stone  paving  of  the  roadway) ;  with 
an  extraneous  load  of  100  lbs  per  sq  ft;  the  pressures  will  be  approximately  as  fol- 
lows: 


Span  100  ft. 

Span  : 

BOO  ft. 

AT  KBY. . 

1       AT  8PBING. 

AT  KEY. 

1       AT  8PRINO. 

For  1  ft  in 

width  of 

its  entire 

depth. 

Per  sq  ft. 

For  1  ft  in 
width  of 

its*  entire 
depth. 

Per  sq  ft. 

For  1  ft  in 

width  of 

its  entire 

depth. 

Per  sq  ft. 

For  1  ftin 

width  of 

its  entire 

depth. 

Persqfk. 

Biae. 
X 

Tons. 
42* 

Tons. 
18* 

Tons. 
58 

Tons. 
18* 

Tons. 
126 

Tons. 
29* 

Tons. 
179 

Tons. 
43 

i 

869* 

12k 

57 

19 

112 

•27* 

181 

44 

H 
* 

81* 

25 

18 

11 
9 
6* 

57* 
61* 
67* 

20 

MX 
25 

97 

80* 
67  * 

24* 

21 

15* 

188 
207 
230 

47* 
64* 
61* 

It  will  be  seen  that  with  the  same  span,  the  pres  at  the  key  becomes  less,  while  that 
at  the  spring  becomes  greater,  as  the  rise  increases.  Also  that  when  the  archstones 
are  of  uniform  depth,  the  pres  at  either  spring  of  a  semicircular  arch  is  about  4  times 
as  great  as  at  the  key ;  whereas  when  the  rise  is  but  one-sixth  of  the  span,  the  pres  at 
spring  averages  but  about  one-third  greater  than  at  the  key.  These  proportions  vary 
somewhat  in  different  spans. 

The  greater  pres  per  sq  ft  at  the  springs  may  be  reduced  by  increasing  the  depth  of 
the  archstones  towards  the  springs.  This  however  is  not  necessary  in  moderate  spans, 
inasmuch  as  good  stone  will  be  safe  even  under  this  greater  pres. 

By  nsing  parallel  spandrel  walls,  see  Fig  2%  p  698,  or  by  partly  fill, 
ing  with  earth  instead  of  masonry,  the  pres  on  the  archstones  may  be  diminished, 
say,  as  a  rough  average,  about  J  part. 


and  calculations  made  by  the  writer,  of  lines  of  pres,  to,  of  arches  from  1  to  300  ft  span,  and  of  every 
rise,  from  a  semicircle  to  A  of  the  span.  From  these  drawings  he  endeavored  to  find  proportions 
which,  although  they  might  not  endure  the  test  of  strict  criticism,  would  Hill  apply  to  all  the  cases 
with  an  aoouracy  sufficient  for  ordinary  praotical  purposes. 
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Experimental  Arch  at  Sonppes,  France.    8ee  Table,  page  606. 
Span  =  about  18  X  rise- 


Span. 

Rise. 

Radius  of 
iutrad<«. 

Depth  of  arch-stones 

at  spring. 

at  key 

Width. 

on  faces.  |  bet  w  faces. 

Feet 

37.886 
124.30 

2.125 
6  97 

85.5 
280.52 

110 
3.61 

1.10 
3.61 

080 
2.624 

3.5 
11.5 

Arch  of  granite.  The  centers  rested  (for  four  months)  on  sand  in  16  cylinders,  1  ft 
diameter,  1  ft  high,  of  ^-iuch  sheet  iron.  The  unloaded  arch  settled  15  millimeters 
(0.59  inch)  on  striking  the  centers.  The  additional  settlements  under  extraneous 
loads  were  as  follows: 


Extraneous  load. 

Increase  of  settlement. 

Kilograms. 

Pounds. 

Millimeters. 

Inches. 

Center 

367000 
4975 

809000 
11000 

2)2000 

21 
0.3 
1.2 

0.8 
0.012 

132600 

0.047 

With  the  distributed  load  of  367000  kilog,  a  load  of  4975  kilog,  falling  0.3  m  (11.8 
ins)  on  key,  caused  vibrations  of  2.8  mm  (0.11  inch).  Annate  des  PonU  ei  Clum&te*, 
1866  Part  2,  1868  Part  2. 

The  arch  on  the  Bourbonnais  Railway,  Is  probably  the  boldest :•  and  Tim  Cabiw  Johh  akch,  by 
Capt,  now  Geu'l  M.  O.  Meiga,  U  S  Army,  the  graudest  stone  one  in  existence.  PoMt-t-Prtdd,  te 
Wales,  is  a  common  road  bridge,  of  very  rude  construction ;  with  a  dangerously  steep  roadway.  It 
was  built  entirely  of  rubble,  in  mortar,  by  a  common  country  mason,  in  1750;  and  is  still  tn  perfect 
condition.  Ouly  the  outer,  or  showing  arch-atones,  are  2.5  ft  deep ;  and  that  depth  is  made  up  of  two 
stones.  The  inner  arch-atones  are  but  1.5  ft  deep ;  aud  but  from  6  to  9  inobes  thick.  The  stone  qaar> 
ried  with  tolerably  fair  natural  beds :  aud  received  little  or  no  dressing  in  addition.  The  bridge  is  a 
fine  example  of  that  lguorauoe  which  ofteu  passes  for  boldness.  Pont  Napolion  carries  a  railroad 
across  the  Seine  at  Paris.  The  arches  are  of  the  uniform  depth  of  4  ft,  from  crown  to  spring.  They 
are  composed  chiefly  of  email  rough  quarry  chipt,  or  tpawU ;  well  washed,  to  free  them  front  dirt 
and  dust ;  and  then  thoroughly  bedded  in  good  cement ;  and  grouted  with  the  same.  It  is  in  fact  aa 
arch  of  cement-oonorete.  The  Pout  de  Alma,  near  it,  and  built  in  the  earn*  way,  has  elliptic  arches 
of  from  las  to  141  ft  span  ;  with  rises  of  ^  the  span.    Key  4.V  ft.    These  two  bridges,  considering  the 

want  of  precedent  in  this  kind  of  construction,  on  so  large  a  scale,  must  be  regarded  as  Terr  bold; 
and  as  reflecting  the  highest  credit  for  practical  science,  upon  their  engineers,  Daroel  and  Ooneae. 
Some  trouble  arose  from  the  unequal  contraction  of  the  different  thicknesses  of  oement.  They  show 
what  may  be  readily  accomplished  in  arches  of  moderate  spans,  by  means  of  small  stone,  and  good 
hydraulic  cement  when  large  stone  fit  for  arches  is  not  procurable.  In  Pont  Napoleon  the  depth  of 
arch  is  less  than    our  rule  gives  for  seoond  class  oat-stone. 

Art.  3.  Tbe  keystones  for  targre  elliptic  arches  by  the  best  en- 
gineers, are  generally  made  about  ]/3  part  deeper  than  our  rule  requires ;  or  than  is 
considered  necessary  for  circular  ones  of  the  same  span  and  rise ;  in  order  to  keep  the 
line  of  pres  well  within  the  joints ;  although  the  elliptic  arch,with  its  spandrel  filling, 

has  slightly  less  wt;  and  that  wt  has 
a  trifle  less  leverage  than  in  a  circular 
one ;  and  consequently  it  exerts  lest* 
pres  both  at  the  key,  and  at  the  skew- 
back.  See  London,  Gloucester,  and 
Waterloo  bridges,  in  the  preceding 
table. 

Rem.  Young  engineers  are  apt  to  affect  shallow  arch-stones ;  but  it  would  be  far 
better  to  adopt  the  opposite  course ;  for  not  only  do  deep  ones  make  a  more  stable 
structure,  but  a  thin  arch  is  as  unsightly  an  object  as  too  Blender  a  column.  Accord* 
ing  to  our  own  taste,  arch-stones  tully  %  deeper  than  our  rule  gives  for  first-class 
cut  stone,  are  greatly  to  be  preferred  when  appearance  is  consulted.  Especially 
when  an  arch  is  of  rough  rubble,  which  costs  about  the  same  whether  it  is  built  up 
as  arch,  or  as  8}Mtndrel  filling,  it  is  mere  folly  to  make  the  arches  shallow.  Stability 
and  durability  should  be  the  objects  aimed  at;  and  when  they  can  be  attained  even 
to  excess,  without  increased  cost,  it  is  best  to  do  so. 

*  Built  like  that  at  Souppes. 


STONE   BRIDGES. 


697 


Table  2.  Depths  of  keystones  for  arches  of  first-class  cut  stone, 
by  Art  2.  For  second  class  add  full  one-eighth  part ;  and  for  superior  brick  one- 
fourth  to  one-third  part,  if  the  span  exceeds  about  15  or  20  ft.    Original. 


Rise,  in  parts  of  the  span. 


Spam. 
Feet. 

i 

I 

1 

i 

Key.  Ft. 

Key.  Ft, 

Key.  Ft. 

Key.  Ft. 

2 

.56 

.56 

.58 

.60 

4 

.70 

.72 

.74 

.76 

6 

.81 

.83 

.86 

.89 

8 

.91 

.93 

.96 

1.00 

10 

.93 

1.01 

1.04 

1.07 

15 

1.17 

1.19 

1.22 

1.26 

20 

1.32 

1.35 

1.38 

1.43 

25 

1.45 

1.48 

1.53 

1.58 

SO 

1.57 

1.60 

1.65 

1.71 

35 

1.68 

1.70 

1.76 

1.83 

40 

1.78 

1.81 

1.88 

1.95 

50 

1.97 

2.00 

2.08 

2.16 

60 

2.14 

2.18 

2.26 

2.35 

SO 

2.44 

2.49 

2.58 

2.68 

100 

2.70 

2.75 

2.86 

297 

120 

2.94 

2.99 

3.10 

8.22 

140 

8.16 

3.21 

3.33 

8.46 

100 

8.36 

3.44 

3.58 

8.72 

180 

3.56 

3.63 

3.75 

3.90 

200 

3.74 

3.81 

3.95 

4.12 

220 

8.91 

4.00 

4.13 

4.30 

240 

4.07 

4.15 

4.30 

4.48 

200 

4.23 

4.31 

4.47 

4.66 

280 

4.38 

4.46 

4.63 

300 

4.53 

4.62 

4.80 

i 

I 


Key.  Ft. 

.61 

.79 

.92 

1.03 


.11 
.30 
.48 
.64 
.78 
.90 
2.03 
2.25 
2.44 
2.78 
3.09 
8.35 
8.60 
3.87 
4.06 
4.29 
4.48 


i 

A 

Key.  Ft. 

Key.  Ft 

.64 

.68 

.83 

■88 

.97 

1.03 

1.09 

1.16 

1.18 

126 

1.40 

1.50 

1.59 

1.70 

1.76 

1.88 

1.91 

2.04 

2.04 

219 

2.18 

2.33 

2.41 

2.58 

2.62 

2.80 

298 

3.18 

3.32 

3.55 

8  61 

3.88 

8.87 

4.16 

4.17 

4.38 

Art.  4.  To  proportion  the  abnts  for  an  arch  of  stone  or 
brick,  whether  circular  or  elliptic.    (Original.) 

The  writer  ventures  to  offer  the  following  rule,  in  the  belief  that  it  will  be  found 
to  combine  the  requirements  of  theory  with  those  of  economy  and  ense  of  applica- 
tion, to  perhaps  as  great  an  extent  as  is  attainable  in  an  endeavor  to  reduce  so  com- 
plicated a  subject,  to  a  simple  and  reliable  working:  rale  for  prac- 
tical bridge-builders.  This  is  all  that  be  claims  for  it.  Notwithstanding  its 
simplicity,  it  is  the  result  of  much  labor  on  his  part.  It  applies  equally  to  the  smallest 
culvert,  and  to  the  largest  bridge ;  whatever  may  be  the  proportions  of  span  and  rise ; 
and  to  any  height  of  abut  whatever.  It  applies  also  to  all  the  usual  methods  of  filling 
above  the  arch ;  whether  with  solid  masonry  to  the  level  vf,  Fig  2,  of  the  top  of  the 
arch :  or  entirely  with  earth ;  or  partly  with  each,  as  represented  in  the  fig :  or  with 
parallel  spandrel-walls  extending  to  the  back  of  the  abut,  as  in  Fig  *2^.  Although 
the  stability  of  an  abut  cannot  remain  precisely  the  same  under  all  these  conditions, 
yet  the  diff  of  thickness  which  would  follow  from  n  strict  investigation  of  each  par- 
ticular case,  is  not  sufficient  to  warrant  us  in  embarrassing  a  rule  intended  for  popu- 
lar use.  by  a  multitude  of  exceptions  and  modifications  which  would  defeat  the  very 
object  f»r  which  it  was  designed.  We  shall  not  touch  upon  the  theory  of  arches, 
except  in  the  way  of  incidental  allusion  to  it.  Theories  for  arches,  and  their  abuts, 
omit  all  consideration  of  passing  loads ;  and  consequently  are  entirely  inapplicable 
in  practice  when,  as  is"  frequently  the  case,  (especially  in  railroad  bridges  of  moderate 
spans,)  the  load  bears  a  large  ratio  to  the  wt  of  the  arch  itself.  Hence  the  theoretical 
line  of  thrust  bas  no  place  in  such  cases.  Our  rule  is  intended  for  common  practice : 
and  we  conceive  that  no  error  of  practical  importance  will  attend  its  application  to 
any  case  whatever ;  whether  the  arch  be  circular  or  elliptic. 

It  gives  a  thickness  of  abut,  which,  without  any  backing: 
of  earth  behind  it,  is  safe  in  itself,  and  in  all  cases,  against 
the  pres.  when  the  bridge  is  unloaded.  Moreover,  in  very  large  arches, 
in  which  the  greatest  load  likely  to  come  upon  them  in  practice  is  small  in  comparison 
with  the  wt  of  the  arch  itself,  and  the  filling  above  it,  our  abuts  would  also  be  safe 
from  the  loaded  bridge,  without  any  dependence  upon  the  earth  behind  them  ;  but 
as  the  arches  become  less,  and  consequently  the  wt  of  the  load  becomes  greater  in 
proportion  to  that  of  the  arch,  and  of  the  filling  above  it,  we  must  depend  more  and 
more  upon  the  resistance  of  the  earth  behind  the  abuts,  in  order  to  avoid  the  neces- 
sity of  giving  the  latter  an  extravagant  thickness.  It  will  Mere/ore  be  understood 
throughout  that,  except  when  parallel  spandrel  walls  are  used,  our  rules  suppose  that 
after  tlte  bridge  it  finished,  earth  will  be  deposited  behind  the  abuts,  and  to  the  height 
'if  the  roadway,  as  usual. 


(i!/S 
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Id  h!hh1|  brlilsm  and  large  culvert*  ot  Brat  class  railroads,  subject  to  the  Jarring 
of  heavy  trains  at  high  speeds,  the  comparative  cheapness  with  which  an  t-xcess  of 
stieiigth  can  thus  bo  given  to  Important  structures,  hu  led,  in  many  casus,  to  tba 
nae  or  abutment*  from  one-fourth  to  one-half  thicker  thau  bj  the  fvlluwiug  rule. 
ir  or  rough  rubble  add  6  ins  to  "insure  full  thickness  la  every  put. 
Thick*  on  of  abut  otiprtog] 

in  ft  B*m  tin  luight  oe     ]        Jtadmft        mtmft  . 

dotirwt  acndl'A  lima  Ot  t  =         0  T       10       T     ' 

*a«sp  J 

Hark  the  points  n  and  y  thus  ascertained.    Next,  from  the  center  i,  of  tb?  span 

parallel  loal.tlrav,  the  Indefinite  line  jnp  of  the  abut.    Do  the  same  with  the 

ml, it  Alms.     M»k.>  jit  mid  u./  ™„-h  .-.iiii.l  t„  hnlf  til-  entire  height  ."  t  ...f  the  arch  . 

"'  "  '■'"      '  .   'Then  j* <     '        ■■■■'■"'       -  ■  '-'■■  ■    '-■*■ 


id  by  trial  the  point  i,  Fig  2,  at  which  the  tli 


tXJLQI  Woea  l.i(h.  nag   in  mtrt 

™    l      .         ..........ftsrS'.     ".' 
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thirds  of  the  corresponding  vert  height  os,  and  draw  sp.  Then  will  the  thickness 
on  or  ty  be  that  at  the  springing  line  of  the  given  circular  or  elliptic  arch  of  any 
rise  and  span;  and  the  lineup  will  be  the  back  of  the  abut;  provided  its  height  os 
does  not  exceed  1%  times  sp;  or  in  other  words,  provided  * p  is  not  leas  than  %  of 
o  s.  In  practice,  o  s  will  rarely  exceed  this  limit ;  and  only  in  arches  of  considerable 
rise.  But  if  it  should,  as  for  instance  at  o  q,  then  make  the  base  qu  equal  to  *p,  added 
to  one-fourth  of  the  additional  height  sq;  and  draw  the  back  i*to,  parallel  to  gp ; 
and  extending  to  the  same  height,  «c,  as  in  Fig  2.  If,  however,  this  addition  of  x/i 
of  sq  should  in  any  case  give  a  base  a  u,  leas  than  one-half  the  total  height  o  o,  (which 
will  very  rarely  happen  in  practice,)  then  make  q  u  equal  to  half  said  total  height ; 
drawing  the  back  parallel-  to  gp,  and  extending  it  to  the  same  height  as  before.  The 
additional  thicknesses  thus  found  below  sp>  have  reference  rather  to  the  pros  of  the 
earth  behind  the  abut,  than  to  the  thrust  of  the  arch.  In  a  very  high  abut,  the  inner 
line  g  p  would  give  a  thickness  too  slight  to  sustain  this  earth  safely. 

When  the  height  0 6,  Fig. 2,  of  the  abut  is  less  than  the  thickness  on  at  spring,  a 
small  saving  of  masonry  (not  worth  attending  to,  except  in  large  flat  arches)  may  lie 
effected  by  reducing  the  thickness  of  the  abut  throughout,  thus:  Make  o k  equal  to 
on,  and  draw  kL  Make  oz  equal  to  3£  of  on,  and  draw  Iz.  Then,  for  any  height 
06  of  abut  less  than  on,  draw  6«,  terminating  in  I  z.  This  b v  will  be  sufficient  base, 
if  the  foundations  are  firm.  The  back  of  the  abut  will  be  drawn  upward  from  », 
parallel  to  g  p,  and  terminating  at  the  same  height  as  g  or  w. 

Rem.  1.  All  the  abuts  thus  found  will  (with  the  provisions  in  Art  6)  be  safe, 
without  any  dependence  upon  the  wing- walls ;  no  matter  how  high  the  embkt  may 
extend  above  the  top  of  the  arch.  If  the  bridge  is  narrow,  and  the  inner  faces  of 
the  wing-walls  are  consequently  brought  so  near  together  as  to  afford  material  as- 
sistance to  the  abuts,  the  latter  may  be  made  thinner;  but  to  what  extent,  must 
depend  upon  the  judgment  of  the  engineer. 

We,  however,  caution  the  young  practitioner  to  be  carefal  how  he  adopts  dimensions  lesa  than  those 
given  by  our  rale.  There  are  certain  practical  considerations,  such  as  carelessness  of  workmanship ; 
newness  of  the  mortar ;  danger  of  undue  strains  when  removiag  the  centers ;  liability  of  derange- 
ment during  the  process  of  depositing  the  earth  behind  the  abuts,  and  over  the  arch ;  Ac,  which  most 
not  be  overlooked ;  although  it  is  impossible  to  reduce  them  to  calculation. 

Whenever  it  can  be  done,  the  centers  should  remain  in  place  until  the  embkt  is  finished ;  and  for 
some  time  afterward,  to  allow  the  mortar  to  set  well.    But  for  more  on  this  see  Rem  4,  p  713. 

R*m.  J.  A  good  deal  of  liberty  Is  sometimes  taken,  in  reducing  the  quantity  of  masonry  above  the 
springing  line  of  arches  of  considerable  rise,  and  of  moderate  spans.  When  care  is  taken  to  leave 
the  centers  standing  until  the  earth  filling  is  completed  above  the  arch,  and  behind  its  abuts,  so  that 
U  may  not  be  deranged  by  accident  during  that  operation ;  and  when  good  cement  is  used  instead  of 
common  mortar,  such  experiments  may  be  tried  with  comparative  safety ;  especially  with  culvert 
arches,  in  which  the  depth  of  arch -stones  is  great  in  proportion  to  the  span.  They  must,  however,  be 
left  to  the  judgment  of  the  engineer  in  charge ;  as  no  specific  rules  can  be  laid  down  for  them.  They 
can  hardly  be  regarded  as  legitimate  practice,  and  we  cannot  recommend  them.  We  have  known 
nearly  semteironlar  arches,  of  30  to  40  ft  span,  to  be  thus  built  successfully,  with  scarcely  a  particle 
of  masonry  above  the  springs  to  back  them.  Such  arches,  however,  are  apt  to  fall,  if  at  any  future 
period  the  earth  filling  is  removed,  without  taking  the  precaution  to  first  build  a  center  or  some  other 
support  for  them.  Kven  when  the  embkt  can  be  finished  before  the  centers  are  removed,  we  cannot 
recommend  (and  that  only  in  small  spans)  to  do  le»»  than  to  make  n  g.  Fig  2,  equal  to  %  of  the  total 
height  i  t  of  the  arch  ;  and  from  g  so  found,  to  draw  a  straight  line  touching  the  back  or  the  aroh  as 
high  up  as  possible. 

Rbm.  3.  We  have  said  nothing  about  battering  tbe  faces  of  the  abnta, 
because  in  the  crossing  of  streams,  the  batter  either  diminishes  the  water-way ;  or 
requires  a  greater  span  of  arch.  Such  a  batter,  however,  to  the  extent  of  from  % 
to  1%  ins  to  a  ft,  is  useful,  like  the  offsets,  for  distributing  the  wt  of  the  structure, 
and  its  embkt,  over  a  greater  area  of  foundation ;  especially  when  the  last  is  not 
naturally  very  firm ;  or  when  the  embkt  extends  to  a  considerable  height  above  the 
arch.  In  our  tables,  Nos  3  and  5,  of  approximate  quantities  of  masonry  in  semi- 
circular bridges  of  from  2  to  50  ft  span,  the  fares  are  supposed  to  be  vert. 

Art.  5.  Abutment-piers.  When  a  bridge  consists  of  several  arches,  sus- 
tained by  piers  of  only  the  usual  thickness,  if  one  arch  should  by  accident  of  .flood, 
or  otherwise,  be  destroyed,  the  adjacent  ones  would  overturn  the  piers;  and  arch 
after  arch  would  then  fall.  To  prevent  this,  it  is  usual  in  important  bridges  to  make 
some  of  the  piers  sufficiently  thick  to  resist  the  pres  of  the  adjacent  arches,  in  case 
of  such  an  accident ;  and  thus  preserve  at  least  a  portion  of  the  bridge  from  ruin. 
Such  are  called  abutment-piers. 

Rad  Rise 
Our  formula  of  —  -  J-  -  +  2  ft,  for  the  thickness  at  spring ;  with  the  back  battering  as  before, 
5  ■  10 
at  the  rate  of  Jy  of  the  span  to  the  rise ;  face  vert. ;  will  or  Itself  (without  any  m«dijleati<m  for  great 
heiahu)  give  a  perfectly  safe  abut- pier,  for  any  unloaded  brldne  ;  and  to  any  height  whatever ;  due 
meant  being  had.  however,  to  the  consideration  alluded  to  in  the  next  Art.  Thus,  for  an  abut- pier 
as  high  as  ©  «.  Fig  2;  or  or  any  greater  height ;  it  is  only  necessary  first  to  find  the  thickness  o  n  at 
anrinc  as  before ;  and  then  draw  the  battered  back  gnp:  extending  It  down  to  the  base  at  B ;  with- 
out adding  K  of  the  additional  height  •  f.    This  addition  is  made  in  the  cane  of  abuts,  that  thej 


— *■    let  lu  ahapfl  a  0  c  p.  Ftp  9.  Ii  InatlmlMkble.     Jn  praaLlH  It  veuld  b* 


19  arch  be  of  large  span. 


talU  duU-l'eJrvrt  He.  o  i.)  Ii  roaHy  at  nib l  an, lei  U 
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i  elliptic  arch,  Fig  4<4  u 
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The  elliptic  form  is  plainly  unfavorable  lor  uniting  the  arch-stones  with  the  inclined  masonry  sear 
the  springs,  so  as  to  receive  the  thrust  properly ;  or  about  at  right  angles  to  its  resultant.  In  ordi- 
nary oases  this  diffloulty  may  be  overcome  by  making  the  joints  of  only  the  ontside  or  showing  arch- 
stones  to  conform  to  the  elliptic  curve;  as  between  e  and  a;  while  the  joints  of  the  inner  or  hidden 
ones,  may  hare  the  directions  shown  between  g  and  u,  nearly  at  right  angles  to  the  line  of  thrust.  It 
will  rarely  happen,  however,  that  the  young  engineer  will  have  to  cousiruot  elliptic  arches  of  suffi- 
cient magnitude  to  require  either  this,  or  any  equivalent  expedient.    For  spans  less  than  60  ft,  with 

rises  not  less  than  about  4  of  the  span,  nothing  of  the  kind  is  actually  neoessary,  if  the  mortar  is 
good,  and  has  time  to  harden,  t 

la  order  to  incline  the  masonry  of  any  abut  with  sufficient  accuracy,  it  would 
be  necessary  first  to  trace  the  carved  line  of  pres  of  the  given  arch,  as  directed  in 
Art  72  of  Force  in  Rigid  Bodies,  so  as  to  arrange  the  bed  joints  about  at  right  angles 
to  it  at  every  point  of  its  course;  but  we  offer  the  following  process  as  sufficing  for  all 
ordinary  practical  purposes ;  while  its  simplicity  places  it  within  the  reach  of  the  com- 
mon mason.  In  actual  bridges  the  direction  of  the  actual  thrust  changes  as  the  load 
is  passing ;  therefore,  in  practice  no  given  degree  of  inclination  of  tho  abut  masonry 
can  conform  to  it  precisely  during  the  entire  passage.  Consequently,  any  excess  of 
refinement  in  this  particular,  becomes  simply  ridiculous;  especially  in  small  spans. 

Rule  for  inclining-  tbe  beds  of  the  masonry  In  tbe  aba  Is. 

Add  together  the  rad  cm,  Fig  4;  and  the  span  of  the  arch.    l>iv  the  sum  by  6.    To 
tho  quot  add  3  ft.    Make  o  ty  on  the  rad,  equal  to  the  last  sum.    Then  is  t  a  central 
point,  toward  which  to  draw  the  directions  of  the  beds,  as  in  the  fig.    Draw  1 «  hor, 
and  from  I  as  a  center,  describe  the  arc  oy;  o  being  the  center  of  the  depth  of  the 
springers.  From  y  lay  off  on  the  arc  the  diet  yn,  equal  to  one-sixth  part  of  ty :  draw 
tn  a.    It  will  never  be  necessary  to  incline  the  masonry  below  this  t  n.  a.    Neither 
need  the  inclination  extend  entirely  to  the  face  m  %  of  the  abut ;  but  may  stop  at  *», 
about  half-way  between  i  and  «*    From  e  upward,  the  inclination  may  extend  for- 
ward to  the  line  e  tn. 

Rbk.  Onr  engineers  are  nfinally  too  sparing  of  cement.  Itshoold 
be  freely  used,  not  only  in  the  arches  themselves,  and  in  the  masonry  above  them,  as  a 
protection  from  rain-soakage ;  but  in  abuts,  wing-walls,  retaining-walls,  and  all  other 
important  masonry  exposed  to  dampness.  The  entire  backs  of  important  brick  arches 
should  be  covered  with  a  layer  of  good  cement,  about  an  inch  thick.  The  want  of  it 
can  be  seen  throughout  most  of  our  public  works.  The  common  mortar  will  be 
found  to  be  decayed,  and  falling  down  from  the  soffits  of  arches;  and  from  the  joints 
of  masonry  generally,  within  from  3  to  6  ft  of  the  surface  of  the  ground.  The  mois- 
ture rises  by  capillary  attraction,  to  that  dist  above  the  surf  of  the  nat  soil ;  or 
descends  to  it  from  the  artificial  surf  of  embankments,  Ac ;  therefore,  cement-mortar 
should  be  employed  in  those  portions  at  least.  The  mortar  in  the  faces  of  battered 
walls,  even  when  the  batter  is  but  1  to  1%  inches  per  foot,  is  far  more  injured  by  rain 
and  exposure,  than  in  vert  ones ;  and  should  therefore  be  of  the  best  quality.  See 
Mortar,  Ac. 

We  have,  however,  seen  a  quite  free  percolation  of  surface  water  through  brick 
arches  of  nearly  3  ft  in  depth,  even  when  cement  was  freely  used.  In  aqueduct 
bridges,  we  believe  that  cement  has  not  been  found  to  prevent  leaks,  whether  the 
arches  were  of  brick,  or  even  of  cut-stone.  May  not  this  be  the  effect  of  cracks 
produced  by  settlement  of  the  arch ;  or  by  contraction  and  expansion  under  atmos- 
pheric influence?    Cement  at  any  rate  prevents  the  joints  from  crumbling. 

r  The  feet  of  both  elliptic  and  semicircular  arches  are  always  made  hor ;  but  it  is  plain  from  Fig 
4)4.  that  this  practice  is  at  variance  with  correct  principles  of  stability  in  the  case  of  the  ellipse.  It 
Is  the  same  in  the  semicircle.  In  ordinary  bridges  of  the  latter  form,  the  vert  pres,  or  weight  resting 
on  each  skewbaek,  Is  (roughly  speaking)  usually  about  from  3K  to  4  times  the  hor  pres  on  the  same ; 
aud  tbe  total  pres  is  about  4  times  hb  (treat  as  tbe  pres  on  the  keystone.  Therefore,  theoretically,  the 
tkewback  should  usually  be  about  4  times  as  deep  as  the  keystone ;  and  its  bed,  instead  of  being  hor, 
should  be  inclined  at  the  rate  of  about  1  vert  to  4  hor. 
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_         To  And  tte  I«n«tn  <a_&.  Fig  7) 

^fflk    pg__  ^ 

Art.  7.    The  following  titbleo,  S,  4,  mid  5,  of  q  nun  titles,  will 

!■■■  [■..inn I  iiH.-liii  fiT.i|aHlirinj  i.rclimiimrv  i-sl Limits;  for  ivhidi  rmrjHwi-lileflv  rhej 

total  Ten  height  n  c,  Fig  8,  from  the 
proximately  the  number  of  cub  jia 


from  fnce  to  face  of  A 


omitting  the  wlng-wnlto  (mil),  nod 

the  flpnodrel-wtllB  !>],   Fin  a  and 

SJ4     At  the  foot  of  wch  column  It  the  ipproiiuinte  content  in  cub  rdi  of  the  two 


Tin-  contents  of  the  tonr  wln«-w»ll«,  of  which  »j«  b.  Fin  e,  ii 
Igtbi,  including  their  ■p.ndrel  nod  wing  WHlhL 
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Rem.  1.  Although  tho  thickness  of  wing- walls  increases  in  all  parts  with  their 
height,  they  are  not  made  to  show  thicker  at  nj  than  at  tt,  Fig  6 ;  but  (as  seen  in  the 
fig)  are  offsetted  at  their  back  tn,o,  little  below  their  slanting  upper  surf  ij,  so  as 
to  give  a  uniform  width  for  the  steps  or  flagstones,  as  the  case  may  be,  with  which 
they  are  covered.  In  the  fig  the  covering  is  supposed  to  be  of  flagstones ;  but  steps 
are  preferable,  being  less  liable  to  derangement.  To  prevent  the  flagstones  from 
sliding  down  the  inclined  plane,/ t,  the  lower  stone  t  should  be  deep  and  large,  and 
laid  with  a  hor  bed.  The  flags  are  sometimes  cramped  together  with  iron,  and  bolted 
down  to  the  wall.    Steps  require  nothing  of  that  kind,  as  seen  at «,  Fig  11. . 

Rbm.  2.  The  tables  show  the  inexpediency  of  too  mnch  con- 
tracting- the  width  of  water-way,  with  a  view  to  economy,  by  adopting 
a.small  span  of  arch,  when  a  culvert  of  greater  span  can  be  made,  of' the  same  total 
height. 

For  the  wi ugs  most  be  the  same,  whether  the  span  be  great  or  small,  provided  the  total  height  la 
the  same  in  both  oases ;  and  since  the  wings  constitute  a  large  proportion  of  the  entire  quantity  of 
masonry,  in  culverts  of  ordinary  length,  the  span  itself,  within  moderate  limits,  has  comparatively 
little  effect  upon  it.  Thus,  the  total  masonry  in  a  semicircular  culvert  of  3  ft  span,  8  ft  total  height, 
and  00  ft  long  between  the  faces  of  the  arch,  is,  by  Table  5,  151  }^  cub  yds ;  while  that  of  a  5  ft  span, 
of  the  same  height  and  length,  is  162.4.  A  semicircular  bridge  of  25  ft  span,  24  ft  total  height,  and 
40  ft  between  the  faoes  of  the  arch,  contains  1031  oub  yds ;  while  one  of  35  ft  span,  of  tbe  same  height 
and  length,  contains  1134  yds;  so  that  in  this  case  we  may  add  nearly  50  per  cent  to  the  water-way, 

by  Increasing  the  masonry  of  the  bridge  but  TrA-th  part. 

Rem.  3.  Partly  for  the  same  reason,  and  partly  because  the  cnl verts  for  a 
double-track  road  are  not  twice  as  long  as  those  for  a  single- 
track  one,  the  quantity  of  culvert  masonry  for  tho  former  will  not  average  more 
than  about  from  %  to  %  part  more  than  that  for  the  latter;  so  that  it  frequently 
becomes  expedient  to  finish  the  culverts  at  once  to  the  full  length  required  for  a 
double  track,  although  the  etnbkts  may  at  first  be  made  wide  enough  for  only  a 
single  one,  with  the  intention  of  increasing  them  at  a  future  time  for  a  double  one. 

Thus,  the  average  size  of  culverts  for  a  single  track  may  be  roughly  taken  at  6  ft  span,  30  ft  long 
from  face  to  face,  and  10  ft  total  height ;  and  suoh  a  one  oontains,  by  Table  5, 140  cub  yds.  For  a 
double  track,  it  would  require  to  be  about  12  feet  longer;  and  we  see  by  Table  3  that  this  will  add 
2.67  X  12  =  32  oub  yds;  making  a  total  of  172  yds  instead  of  140;  thus  adding  rather  less  than  *4 
part.  When  the  culvert*  are  under  very  high  embkts,  and  consequently  much  longer,  the  addition 
for  a  double  track  becomes  comparatively  quite  trifling. 

Table  3,  of  approximate  numbers  of  cnb  yds  of  masonry 
per  foot,  rnn,  contained  in  the  arches  aud  abutments  only,  as 

shown  in  Fig  1  (omitting  wings,  and  the  spandrel-walls  over  the  faces  of  the  arches) 
of  semicircular  culverts  and  bridges,  of  from  2  to  50  ft  span,  and  of  different  total 
heights,  ht%  Fig  1,  or  oc,  Fig  6.  It  will  be  seen  that  in  many  cases,  a  bridge  of  larger 
span  contains  less  masonry  than  one  of  smaller  span,  when  their  total  heights  are  the 
same.    There  is  a  liberal  allowance  for  footings  or  offsets  at  the  bases  of  the  abuts, 

TABLE  3.    (Original.) 


Total 
Height. 

Span 
2  ft. 

Span 
3  ft. 

Cub.  y. 

Span 
4  ft. 

Cub.  y. 

Span 
5  ft. 

Span 
6  ft. 

Span 
8  ft. 

Span 
10  ft. 

Spar. 
12  ft. 

Span 
15  ft. 

Feet. 
2 

Cub.  y. 

.42 

.60 

.79 

•99 

1.28 

1.62 

2.01 

2.45 

2.94 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

8 

.63 
.83 
1.04 
1.28 
1.59 
1.98 
2.38 
2.85 
3.38 
3.98 

.67 
.87 
1.08 
1.28 
1.55 
1.91 
2.31 
2.76 
8.26 
3.82 
4.42 
5.08 

4 

.92 
1.15 
1.37 
1.64 
1.95 
2.29 
2.72 
3.19 
3.72 
4.29 
4.90 
6.57 
6  30 

.97 
1.21 
1.46 
1.72 
1.99 
2.27 
2.67 
3.12 
3.62 
4.17 
4.77 
5.42 
6.12 
6.87 
7.69 

& 

g 

1.58 
185 
2.18 
2.42 
2.77 
3.16 
3.57 
4.10 
4.67 
5.30 
5.97 
6.70 
7.48 
8.32 
9.20 

1.69 
1.97 
2.26 
2.56 

2.87 
8.19 
3.62 
4.02 
4.57 
517 
5.82 
6.52 
7.27 
8.07 
8.92 
9.82 
10.8 

7 
8 
9 
10 
11 
12 
13 

2.12 
2.38 
2.65 
2.93 
8.23 
3.55 
3.86 
4.41 
5.01 
5.56 
6.26 
7.01 
7.71 
8.56 
9.46 
10.3 
11.3 
12.3 

3.02 
3.34 
8.67 
4.01 
4.36 

14 

4.72 

15 

6.09 

16 

'.'.'.'.'.Y.y.Y.Y.'.'.'. 

5.69 

17 

i 

6.34 

18 

i 

7.04 

19 

7.69 

20 

8.49 

21 

9.34 

22 

10.2 

23 

! 

11.1 

24 

12.1 

23 

13.2 

28 

14.2 

Contents  of  tbe  two  upandrel- walls,  over  the  two  ends  of  the  arch,  in  cub  yds. 
|      2.9      |     3.7      |     4.4      |     5.2      |     5.8      |      7.9      |     9.8      |      12.      | 16. 
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BaUU. 

»v" 

SS 

«r,sv 

»;;: 

JSt 

Stk 

*«l 

1 

t-  . 

1 

1 

| 

cm.  , 

ft 

1 

i 

" 

*si 

Art.  8.    The  following  UtMe  of  en 

like  the  preceding  one,  be  useful  in  mating 
no,  no,  shown  In  plan  at  Fig  8,  are  euppoaed  to 


alio 

nlo 

-walls,  or  wings,  will, 

;E 

angle 

lao  at  every  part  equal 

BsaReniar 

-.  TIj  lp  h&ppeoa  only 

Fig.  S 

when  the  beiEhl  in  in.  Fig.  E,  of  the  wing,  become,  l.-tu  Ihaiifl  ft.    Batter  uf  Imrejjj 

„„  ,.,„  n  -  „ri  iM-  liml.  .vrt.  .  Inn  ...fMi.11i.il.  if  i,-,-,.,-u.rv,  r-raHli.-rl.  .li«.  bob* 
the  top,  ao  aa  to  iij'f.  »  niillonn  ihinrim  tnj.  lliicl™™  of  21$  ft-  The  maaomji  h 
enppwed  to  be  good  well-acnbbled  mortar  nibble.    The  height  given  in  Ihe  Aral 

.■■-.Ilium  in  th*  urmli-t.  „nf  ;  or  Dim.  „t  „  i.  ;,.r  vj.  Fin.  6),  where  the  v.-iiirr  juLi-n  Hie 

al  111.;  bail!  HI'  Lhe  ui!:|jS;   US  lilt's-'   :ti  ■'    I'lvijllCH!!?  usuitlnl   111  ir(HJ(»  i<u   umjil  l.umiLi- 
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tions.    In  taking  out  quantities  from  the  table,  bear  in  mind  that  the  height  of  the 
wings  is  usually  a  little  greater  than  that  of  the  culvert  itself. 

The  plan  shown  at  C  is  the  common  one,  hut  that  at  D  is  greatly  preferable  for 
culverts ;  for  the  shoulders  at  o  o  in  Fig.  C,  apart  from  their  greater  liability  to  catch 
branches  of  trees,  etc.,  floating  down  stream,  offer  of  themselves  a  much  greator  re- 
sistance to  the  flow  of  the  water  into  the  culvert  than  do  the  mere  corners  at  o  ot 
Fig.  D. 

Table  4,  of  approximate  contents,  in  cob  yds,  of  the  lonr 
wing-walls  of  a  culvert,  or  bridge.    (Original ) 

The  heights  are  taken  where  greatest;  as  atjur,  Fig  6 


Height 

Length 

Cub.  vds. 

Height 

Length 

Cob.  yds 

of 

of 

in 

of 

of 

in 

wing. 

one  wing. 

4  wings. 

wing. 

one  wing. 
Feet. 

4  wings. 

Feet. 

Feet. 

Feet. 

6 

1.78 

4.04 

30 

48.3 

818 

7 

8.46 

8.85 

32 

46.8 

997 

8 

5.20 

14.6 

34 

50.3 

1192 

9 

6.93 

21.5 

36 

53.7 

1414 

10 

8.68 

30.2 

38 

57.2 

1661 

11 

10.4 

40.9 

40 

60.7 

1928 

12 

12.1 

58.7 

42 

64.2 

2220 

14 

15.6 

85.2 

44 

67.6 

2552 

18 

19.1 

128 

46 

71.1 

2912 

18 

22.5 

183 

48 

74.6 

3306 

20 

26.0 

247 

50 

78.0 

8741 

22 

29.5 

329 

55 

86.7 

4942 

24 

32.9 

426 

60 

95.3 

6404 

26 

86.4 

541 

65 

104 

8131 

28 

S9.8 

672 

70 

113 

10155 

To  reduce  oub  yds  to  perches  of  25  oub  ft,  mult  by  1.080. 
To  reduce  perches  to  oub  yds,  mult  by  .926,  or  dir  by  1.08. 


The  contents  for  heights  intermediate  of  those  in  the  table  may  be  found  approximately  by  simple 
proportion. 

Rem.  1.  It  is  not  recommended  to  actually  prolong  all  wings  until  their  dimen- 
sions become  as  small  as  shown  at  E,  in  Fig  8.  In  large  ones  it  will  generally  be 
more  economical  to  increase  their  end  height  m  m,  a  tew  feet.  The  contents,  how- 
ever, may  be  readily  found  by  the  table  in  that  case  also.  Thus  suppose  the  height 
of  the  wings  at  one  end  to  be  30  ft,  and  at  the  other  end  8  ft;  we  have  only  to  sub- 
tract the  tabular  content  for  K  ft  high,  from  that  for  30  ft  high.  Thus,  818  — 14.6  = 
803.4  cub  yds  required  content. 

Rem.  2.  It  might  be  supposed  that  inasmuch  as  the  wings  of  arches  often  have  to 
'sustain  the  pressure  from  embankments  reaching  far  above  their  tops,  they  should, 
like  ordinary  retaining-walls,  be  made  much  thicker  in  that  case.  But  the  fact  that 
they  derive  great  additional  stability  from  being  united  at  their  high  ends  to  the 
body  of  the  bridge  or  culvert,  renders  such  increase  unnecessary  when  proportioned 
by  our  rule ;  no  matter  how  far  the  earth  may  extend  above  them ;  as  shown  by 
abundant  experience. 

Relying  upon  this  aid,  we  may  indeed,  when  the  earth  does  not  extend  above  the  top,  reduoe  the 
base  at  o  to  one-third  of  the  ht,  as  shown  at  o  t ;  find  by  dotted  liue  t  «.  Experience  shows  that  we 
may  also  do  the  same  even  when  the  earth  reaches  to  n  great  height  above  the  top :  provided  that 
tae  wiogs.  instead  of  being  splayed  or  flared  out.  as  at  o  n,  o  n,  merely  form  straight  prolongation* 
of  the  abutments  of  the  arch,  as  "shown  by  the  dotted  lines  at  o  g  m>.  In  this  case  the  pressure  of  the 
earth  against  the  wings  is  less  than  when  they  are  splayed.  We  have  known  the  thickness  at  o 
to  be  reduced  iu  such  cases  to  less  than  one-third  the  height,  when  the  wings  were  15  ft  high,  and 
the  height  of  the  embankment  above  their  tope  16  feet  in  one  case,  and  36  ft  in  another.  In  another 
instance,  similar  wings  25^  ft  high,  and  with  29  ft  of  embankment  above  their  top,  had  their  bases 
at  o  rather  less  than  i  of  the  height.  In  all  these  oases,  the  uniform  thickness  at  top  was  2.5  feet : 
backs  vertical.  We  mention  them  because  this  particular  subject  does  not  seem  to  be  reducible  to 
any  practical  rule.  The  last  wall  appears  to  us  to  be  loo  thin ;  especially  if  the  earth  is  not  deposited 
in  layers :  and  after  allowing  the  mortar  full  time  to  set.  The  labor,  however,  required  In  compact- 
ing the  earth  carefully  in  layers,  may  cost  more  than  is  thereby  saved  in  the  manonry.  The  Tonne 
practitioner  must  bear  this  In  mind  when  he  wishes  to  economize  masonry  by  such  mean* :  and  also 
that  the  thin  wall  may  bulge,  or  rail  entirely,  if  the  earth  backing  is  deposited  while  the  mortar  is 
imperfectly  set. 
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Table  5.  Approximate  eon  tents  in  cnbie  yards,  of  com- 
plete semicircular  en  I  verts  and  bridges  of  from  8  to  50  feet 
span }  including  the  2  spandrel  walls ;  and  the  4  wings ;  all  proportioned  by  the 
foregoing  directions ;  and  taken  from  the  two  preceding  tables.  The  height  in  the 
second  column,  is  from  the  top  of  the  keystone  to  the  bottom  of  the  foundation.  The 
wings  are  calculated  as  being  2  ft  higher  than  this,  including  the  thickness  of  the 
coping.  The  wings  are  frequently  carried  only  to  the  height  of  the  top  of  the  arch; 
thus  saving  a  good  deal  of  masonry.  Table  4,  of  wings  alone,  will  serve  to  make  the 
proper  deduction  in  this  case. 

The  several  lengths  are  from  end  to  end,  or  from  face  to  face,  of  the  arch  proper. 
The  contents  for  intermediate  lengths  may  be  found  exactly ;  and  those  for  inter- 
mediate heights,  quite  approximately,  by  simple  proportion.  In  this  table,  as  in 
No.  3,  it  will  be  observed  that  when  the-  heights  are  the  game  in  both  cases,  a  larger 
span  frequently  contains  leas  masonry  than  a  smaller  one.  A  semicircular  culvert 
or  bridge  contains  less  masonry  than  a  flatter  one,  when  the  total  height  is  the  same 
in  both  cases;  therefore,  the  first  is  the  most  economical  as  regards  cost ;  but  it  does 
not  afford  as  much  area  of  water-way ;  or  width  of  headway. 

(Original.) 
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As 
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Cnb.Y. 
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Cub.Y. 

Oub.Y. 

Oub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

5 

27 

32 

42 

52 

72 

92 

112 

132 

152 

172 

192 

212 

2 

6 

37 

43 

56 

69 

94 

120 

146 

171 

197 

222 

248 

274 

7 

49 

57 

73 

89 

122 

154 

187 

219 

251 

284 

316 

S49 

8 

63 

73 

93 

113 

153 

193 

233 

273 

313 

353 

393 

433 

10 
5 

101 

116 

145 

175 

234 
75 

291 

351 

410 

469 

527 

586 

645 

28 

34 

44 

54 

96 

117 

138 

158 

179 

200 

221 

6 

38 

44 

57 

70 

95 

121 

146 

172 

198 

223 

249 

275 

3 

7 

49 

57 

73 

89 

121 

153 

184 

216 

247 

280 

312 

343 

8 

63 

73 

93 

112 

152 

191 

230 

269 

308 

348 

387 

426 

10 

101 

115 

143 

172 

229 

286 

343 

400 

457 

614 

571 

628 

12 
5 

149 

169 

208 

248 

328 

407 

487 

567 

646 

726 

806 

885 

30 

35 

46 

57 

78 

100 

122 

143 

165 

186 

208 

229 

6 

38 

45 

58 

70 

96 

122 

147 

173 

198 

224 

260 

275 

4 

7 

49 

57 

73 

88 

119 

150 

181 

212 

243 

274 

305 

336 

8 

63 

73 

92 

111 

149 

188 

226 

264 

302 

840 

379 

417 

10 

100 

114 

141 

169 

224 

279 

335 

390 

445 

500 

555 

611 

1*2 

147 

166 

204 

243 

319 

395 

472 

648 

625 

701 

777 

854 

14 

e 

209 

234 

285 

336 

437 

539 

641 

742 

8+4 

945 

1047 

1149 

41 

47 

75 

102 

130 

157 

184 

212 

239 

267 

294 

7 

52 

60 

76 

93 

125 

158 

191 

224 

257 

289 

322 

356 

5 

8 

65 

75 

94 

114 

153 

192 

231 

270 

309 

348 

387 

426 

10 

100 

114 

141 

168 

223 

277 

331 

386 

440 

495 

649 

603 

12 

146 

165 

202 

239 

314 

388 

463 

537 

611 

686 

760 

835 

14 

7 

207 

231 

280 

329 

427 

525 

623 

721 

819 

917 

1015 

1113 

53 

62 

79 

96 

131 

165 

200 

234 

268 

303 

387 

872 

8 

66 

76 

96 

116 

156 

196 

236 

276 

316 

356 

396 

4S6 

6 

10 

100 

113 

140 

167 

220 

274 

327 

380 

434 

487 

541 

594 

12 

146 

164 

200 

236 

308 

381 

453 

526 

598 

670 

743 

815 

14 

206 

219 

277 

325 

420 

516 

611 

706 

802 

897 

993 

1088 

16 

7 

281 

311 

373 

434 

656 

679 

801 

923 
252 

1046 

1168 

1291 
363 

1413 

57 

67 

85 

104 

141 

178 

215 
251 

289 

326 

400 

8 

70 

81 

102 

124 

166 

209 

294 

337 

379 

422 

464 

8 

10 

104 

118 

145 

173 

228 

284 

339 

395 

450 

505 

561 

616 

12 

147 

165 

200 

236 

308 

379 

450 

522 

593 

664 

736 

807 

14 

206 

230 

276 

323 

416 

510 

603 

696 

790 

883 

977 

1070 

16 

281 

310 

370 

430 

549 

669 

788 

908 

1027 

1146 

1266 

1385 

18 

367 

405 

480 

554 

704 

854 

1003 

1153 

1802 

1452 

1602 

1751 

8 

74 

85 

108 

131 

176 

221 

266 

311 

357 

402 

447 

492 

10 

107 

121 

150 

179 

236 

294 

351 

408 

466 

623 

681 

638 

10 

12 

148 

166 

201 

236 

306 

377 

447 

518 

588 

658 

729 

799 

14 

207 

229 

275 

321 

412 

504 

595 

null 

778 

869 

961 

1059 

16 

280 

309 

368 

426 

542 

659 

775 

891 

1008 

1114 

1241 

1367 

18 
10 

366 
110 

402 

475 

548 

693 

839 

984 

1129 

1276 

1420 

1565 

1711 

125 

154 

183 

242 

301 

359 

418 

476 

636 

694 

652 

12 

151 

168 

204 

239 

310 

381 

452 

523 

594 

665 

736 

807 

12 

14 

806 

228 

272 

817 

405 

493 

581 

669 

758 

846 

934 

1022 

16 

279 

306 

362 

418 

629 

640 

751 

862 

974 

1086 

1196 

1907 

18 

364 

399 

469 

540 

680 

820 

960 

1100 

1241 

1381 

1521 

1661 

20 

470 

512 

598 

684 

855 

1026 

1197 

1868 

1540 

1711 

1882 

2053 
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r»ble  5- 

-  (Continued.)  (Original .) 

• 

s>£ 

■a+l 

•0«S 

•a*> 

***» 

5-' 

*V 

•*>,? 

■cJ 

A. 

A  *i 

.a- 

s 

wh 

3>fe 

£h 

&&, 

uefa 

tt* 

*>* 

•V* 

** 

w- 

ft* 

CO 

"3 

Ss 

S« 

S3 

53 

«$ 

5* 

WO 

gs 

83 

§8 

gs 

so 
38 

Ft. 

1-J 

j 

•j 

Cub.Y. ' 

av 

Cub.Y. 

l-3~ 

i-3M 

lj~ 

•a* 

J" 

Ft. 

Cub.Y. 

Cub.Y. 

eub.  Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

Cub.Y. 

12 

162 

182 

222 

262 

342 

422 

502 

583 

663 

743 

823 

903 

14 

215 

239 

286 

333 

427 

622 

616 

711 

805 

899 

WK 

1088 

15 

16 

285 

313 

370 

427 

541 

654 

768 

882 

996 

1110 

1223 

1337 

18 

369 

404 

474 

545 

686 

826 

967 

1108 

1249 

1390 

1530 

1671 

20 

473 

515 

600 

685 

855 

1024 

1194 

1364 

1534 

1704 

1873 

2043 

22 
14 

585 

646 

748 

850 

1054 

1256 

1462 

1666 
801 

1870 

2074 

2278 

2482 

237 

264 

317 

371 

478 

586 

693 

908 

1016 

1123 

1230 

16 

304 

335 

397 

458 

582 

706 

829 

953 

1076 

1200 

1324 

1447 

20 

18 

381 

416 

486 

556 

697 

838 

978 

1119 

1259 

1400 

1541 

1681 

20 

479 

520 

601 

682 

844 

1007 

1169 

1332 

1494 

1656 

1819 

1981 

22 

598 

646 

741 

837 

1028 

1220 

1411 

1603 

1794 

1986 

2177 

2368 

24 
16 

139 

795 

908 

1021 

1247 

1473 

1699 

1925 

2151 

2377 

2603 

2829 

i 

327 

360 

428 

496 

631 

766 

901 

1096 

1172 

1307 

1442 

1577 

18 

403 

441 

617 

594 

746 

898 

1050 

1202 

1355 

1507 

1659 

1811 

25 

20 

500 

543 

629 

715 

887 

1059 

1281 

1403 

1675 

1747 

1919 

2091 

22 

614 

663 

760 

857 

1051 

1246 

1440 

1635 

1829 

2023 

2218 

2412 

24 

751 

807 

919 

1031 

1255 

1479 

1703 

1927 

2151 

2375 

2599 

2823 

26 

909 

974 

1104 

1234 

1494 

1754 

2014 

2274 

2534 

2794 

3054 

3314 

28 
22 

1085 

1160 

1310 

1460 

1760 

2060 

2360 

2660 

2960 

3260 

3560 

3860 

685 

743 

859 

975 

1207 

1439 

1671 

1903 

2135 

2367 

2599 

2831 

24 

817 

880 

1007 

1134 

1388 

1642 

1896 

2150 

2404 

2658 

2912 

3166 

26 

QflQ 

1033 

1181 

1309 

1585 

1861 

2137 

2413 

ZDOV 

2965 

3241 

8517 

35 

28 

1130 

1205 

1356 

1507 

1809 

2111 

2413 
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3017 

3319 

3621 

3923 

SO 

1327 

1408 

1571 

1734 

2060 

2386 

2712 

8038 

3364 

3690 

4016 

4342 

82 

1549 

1639 

1820 

2001 

2363 

2725 

3087 

3449 

3811 

4173 

4535 

4897 

35 

30 

1946 
1494 

2054 

2271 

2488 

2922 

3356 

3790 

4224 
3604 

4658 

5092 

5526 

5960 

1594 

1795 

1996 

2398 

2*00 

3202 

4006 

4408 

4810 

5212 

32 

1711 

1819 

2035 

2251 

2683 

3115 

3547 

3979 

4411 

4843 

5275 

5707 

34 

1956 

2071 

2302 

2533 

2995 

3457 

3919 

4381 

4843 

5305 

5767 

6229 

36 

2228 

2350 

2597 

2844 

3338 

3832 

4326 

4820 

5314 

5808 

6302 

6796 

50 

38 

2519 

2650 

2913 

3176 

3702 

4228 

4754 

5280 

5806 

6332 

6858 

7384 

40 

2835 

2975 

3255 

3535 

4095 

4655 

5215 

5775 

6335 

6895 

7455 

8015 

42 

3197 

3347 

3647 

3947 

4547 

5147 

5747 

6347 

6947 

7547 

8147 

8747 

45 

3818 

3991 

4337 

4683 

5375 

6067 

6759 

7451 

8143 

8835 

9527 

10219 

60 

5063 

5281 

5717 

6153 

7025 

7897 

8769  9641 

10513 

11385 

12257 

13129 

Art.  9.  Especial  pains  should  be  taken  to  secure  an  unyielding  foun- 
dation forculverte  and  drains  under  iiigrh  embktsi  otherwise 
the  superincumbent  weight,  especially  under  the  middle  of  the  embkt,  may  squeeze 
them  into  the  soil  below,  if  soft  or  marshy;  and  thus  diminish  the  area  of  water- 
way, or  at  least  cause  an  ugly  settlement  at  the  midlength  of  the  culvert.  Also,  in 
soft  ground,  the  embkt  may  press  the  side  walls  closer  together,  narrowing  the 
channel.  This  may  be  prevented  by  an  inverted  arch,  or  a  bed  of  masonry,  between 
the  walls.  A  stratum  from  3  to  6  ft  thick,  of  gravel,  sand,  or  stone  broken  to  turn- 
pike size,  will  generally  give  a  sufficient  foundation  for  culverts  in  treacherous 
marshy  ground ;  or  quicksand,  with  but  a  moderate  height  of  embkt.  It  should  ex- 
tend a  few  feet  beyond  the  masonry  in  every  direction,  and  should  be  rammed ;  the 
sand  or  gravel  being  thoroughly  wet,  if  possible,  to  assist  the  consolidation.  Piling 
will  sometimes  be  necessary.  If  the  masonry  is  built  upon  timber  platforms,  or  a 
smooth  surface  of  rock,  care  must  be  taken  to  prevent  it  from  sliding,  from  the  prea 
of  the  earth  liehind  it.  This  same  pros  may  even  overthrow  the  piles,  if  they  are 
not  properly  secured  against  it. 

Art  10.  Drains.  &#  

Drains  of  the  dimen-  r- '■ 1  f  ~""T    "T 

sions  in  Pig  11,  con-  *~  -  - — k-- •"-J — ■*" 

tain  1  perch-,  of  '26 
cub  ft;  or  .926  of  a 
cnb  yd,  per  ft  run. 

They 


are  frequently 
built  of  dry  wabbled 
rabble,  and  paved  with 
•pawls.  When  there  la 
much  wash  through 
them,  with  a  consider- 
able »lepe.  it  is  better  to 
continue  the  foundation 


2. 


2* 


1^11 


708 


STONE  BRIDGES. 


■olid  clear  across.  This  U  often  done  without  those  causes,  inasmuch  M  the  additional  masonry  Is  a 
mere  trifle;  and  the  excavation  of  a  tingle  broad  foundation-pit  is  leas  troublesome  than  that  of  two 
narrow  ones.  A  deep  Hag-atone/  at  the  entrance,  and  others  at  abort  diats  of  the  length,  may  be  In- 
troduced In  both  drains  and  culvert*,  to  protect  from  undermining. 

These  drains  extend  under  the  entire  width  of  the  einbkt,  front  toe  to  toe ;  and  may  terminate  in 
steps,  aa  in  the  aide  view  at  S.  They  are  of  course  better  wbeu  built  with  mortar,  with  an  admixture 
of  oement  to  prevent  the  water  when  full  from  leaking  into  and  softening  the  embankment. 

Sometimes  two  or  three  such  drains  may  be  placed  parallel  to  each  other,  instead  of  a  culvert. 
When  two  are  so  placed,  they  contain  only  1^  times  the  masonry  of  one ;  still  their  use  will  generally 
involve  no  saviug  of  masonry  over  a  culvert.    A  man  can  crawl  through  Fig  11  to  olean  It. 

Art.  11.    The  drainage  of  the  roadways  of  stone  bridges  of  several 
arches,  is  generally  effected  by  means  of  open  gutters,  which  descend  slightly  from 
the  crowns  of  the  arches,  each  way,  until  they  reach  to  near  the  ends  of  the  re- 
spective spans. 

There  they  discharge  into  vertical  iron  pipes  bnllt  into  the  masonry.  The  upper  enda  of  the 
pipes  ahould  be  oovered.  by  gratings.  When  inconvenience  would  result  from  the  water  falling  upon 
persona  passing  under  the  arches,  these  pipes  may  be  carried  down  the  eutire  height  of  the  piers; 
out  when  auch  ia  not  the  oase.  they  may  extend  only  to  the  soffit,  or  under  faee  of  the  arch ;  allowing 
the  water  to  fall  freely  through  the  air  from  that  height. 

Table  6,  of  approximate   content*,  In  cub  yds,  of  a  solid 

Rler  of  mnsunry,  6  ft  by  22  ft  on  top;  and  battering  1  inch  to  a  ft  on  each  of 
i  4  faces.  The  contents  of  masonry  of  such  forma  must  be  ealoulated  by  the  prismoidal  formula; 
and  not  by  taking  the  length  and  breadth  of  the  pier  at  half  its  height  aa  an  average  length  and 
breadth,  aa  ia  sometimes  done.  This  incorrect  method  would  give  only  6491  cnb  yds  as  the  content 
of  the  pier  WO  ft  high ;  instead  7178  yds,  its  true  content.  High  piers  may  for  economy  be  built  hot 
low,  with  or  without  interior  cross- walla  for  strengthening  them,  as  the  ease  may  require;  and  the 
batter  is  generally  reduced  to  %  inch  or  less  to  a  foot.     Hollow  piers  require  good  well- bedded  saa- 

•°arJ-  (Original.) 
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.67 
.83 

24. 
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25. 
.17 
.33 

25.5 
.67 
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26. 
.17 
.33 

26.5 
.67 
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27. 
.17 
.33 

27.5 
.67 
.83 

28. 
.33 
.67 

29. 
.33 
.67 

30. 
.33 


7. 
.17 
.33 

7.5 
.67 
.83 

8. 
.17 
.33 
8.5 
.67 
.83 
9. 
.17 
.33 
9.5 
.67 
.83 

10. 
.17 
.33 

10.5 
.67 
.83 

11. 
.17 
.33 

11.5 
.67 
.83 

12. 
.33 
.67 

13. 
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.07 

14. 
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32.5 
38.6 
44.9 
51.3 
58. 
64.8 
71.7 
79. 
86.4 
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144 
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182 
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202 
212 
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245 
256 
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280 
292 
304 
329 
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383 
411 
441 
472 
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Ft. 
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43.33 

27.33 
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15. 
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.67 

.67 
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.33 

.33 
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2940 

.67 

.67 
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.33 

.33 

3032 

32. 
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136 

.67 

.67 
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.33 

.33 

717 

138 
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3222 

.67 

.67 

757 
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.33 

.33 

3320 

33. 

17. 

798 

142 

.67 

.67 

3420 

.33 

.33 

840 

144 

46. 
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3521 

67 

.67 

884 
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.33 
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.33 

6014 

38. 
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H69 

172 

.67 

.67 

6143 

.33 

.33 

1631 

174 

61. 
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6276 

.67 

.67 

1695 

176 

.33 

.33 

6400 

39. 

23. 

1761 

178 

.67 

.67 

6646 

.33 

A3 

1829 

180 

62. 

86. 

6680 

.67 

.67 

1899 

182 

.33 

.33 

6820 

40. 

24. 

1968 

184 

.67 

.67 

6982 

.3» 

.33 

2041 

186 

53. 

37. 

6108 

.67 

.67 

2116 

188 

.?3 

A3 

6262 

41. 

25. 

2191 

190 

.67 

67 

640t 

.33 

.33 

2269 

192 

64. 

88. 

6562 

.67 

fit 

2346 

194 

.33 

.33 

6704 

42. 

26. 

2424 

196 

.67 

.67 

8860 

.33 

.S3 

2504 

198 

66. 
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7016 

.67 

.67 

2687 

200 

.33 

.33 

7178 

43. 

27. 

2672 

202 

.67 

.67 

7330 
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Art.  12.  Brick  Arches.  Since  even  good  brick  lit  for  large  arches  has 
far  less  crushing  strength  than  good  granite  or  limestone,  and  is  inferior  even  to 
good  sandstone,  while  its  weight  does  not  differ  very  materially  from  stone,  it  is 
plain  that  it  cannot  be  used  in  arches  of  as  great  span  as  stone  can.  Some  of 
those  already  built_and  which  have  stood  for  many  years,  have  a  theoretical  co- 
efficient of  safety  orbut  about  3 ;  whereas  the  authorities  direct  us  not  to  trust  even 
stone  with  more  than  one-twentieth  of  its  crushing  load.  This  last,  however,  ap- 
pears to  the  writer  to  be  one  of  those  hasty  assumptions  which,  when  once  ad- 
mitted into  professional  books,  are  difficult  to  be  got  rid  of.  It  is  his  opinion  that 
with  good  cement,  and  proper  care  in  striking  the  centers,  one-tenth  of  the  ulti- 
mate strength  is  sufficiently  secure  against  even  the  abnormal  strains  caused  by 
the  settling  at  crown,  and  rising  at  the  haunches  when  the  centers  are  struck.  It 
is  useless  to  attempt  to  fix  limits  of  safety  for  bad  materials  poorly  put  together. 
Rem.  1.  The  common  practice  of  building  brick  arches  in  a  series  of  con* 
centric  rings,  as  at  a  o  e  e,  Fig  12,  with  no  other  bond  between  them  than 

that  afforded  by  the  mortar,  is  censured  by 
authorities,  on  the  ground  that  the  line  of 
pressure  in  passing  from  the  extrados  to 
the  intrados  tends  to  separate  the  rings, 
and  thus  weaken  the  arch  by,  as  it  were, 
splitting  it  longitudinally.  The  reason 
for  using  these  rings,  instead  of  making 
the  radial  joints  continuous  throughout 
the  depth  m  w  of  the  arch,  as  at  6,  is  to 
avoid  the  thick  mortar-joints  at  the  back  of 
the  arch,  and  shown  in  the  Fig.  If  the 
center  of  an  arch  built  as»  at  6  be  struck 
too  soon,  the  soft  mortar  in  these  thick 
joints  will  be  so  much  compressed  as  to  cause  great  settlement  at  the  crown, 
throwing  the  arch  out  of  shape,  and  creating  such  inequality  of  pressure  as 
might  even  lead  to  its  fall,  especially  if  flat.  As  a  compromise  between  rings 
and  continuous  joints,  they  are  sometimes  employed  together,  so  as  to  get  rid  of 
some  of  the  long  radial  joints ;  and  at  the  same  time  to  break  at  intervals 
the  continuity  of  the  rings.  Thus  in  Fig  12.  which  is  supposed  to  be  brick-and- 
a-half  deep,  beginning  at  the  abutment  a,  we  may  lay  half-brick  rings  as  far  as 
say  toeoe;  then  cutting  away  the  brick  o  to  the  line  e  e,  we  may  lay  from 
eetomna  block  of  bricks  with  continuous  radial  joints,  the  same  as  at  b;  and 
then  start  again  with  three  rings;  and  so  on  alternately.  A  still  better,  but 
more  expensive,  mode  would  be  to  fill  e  c,  m  n  with  a  regular  cut-stone  voussoir. 
The  proper  intervals  for  changing  from  rings  to  blocks  will  depend  upon,  the 
number  of  the  rings  and  the  depth  c  a  of  the  arch ;  reference  being  also  had  to 
reducing  the  amount  of  brick  cutting  as  much  as  possible. 

These  points  can  be  best  decided  on  from  a  drawing  of  a  portion  of  the  arch 
on  a  scale  of  3  or  4  ins  to  a  foot.  Generally  the  rings  are  made  only  half-brick,  or 
about  4  to  4.5  ins  thick,  as  at  a  c  ;  and  in  Brunei's  Maidenhead  viaduct  of  two  ellip- 
tic brick  arches  of  128  ft  span,  and  24.25  ft  rise ;  the  boldest  brick  arches  yet  at- 
tempted ;  but  which  have  been  estimated  to  have  a  co-efficient  of  safety  of  but 
three  against  crushing  at  the  crown. 

So  many  others  of  from  70  to  100  ft  span  have  been  successfully  built  entirely  in 
rings  of  either  half  or  whole  brick  thick,  as  to  justify  us  in  attaching  but  little  weight 
to  the  above  theoretical  objection,  provided  first  class  cement  be  used,  and  time 
allowed  it  to  become  nearly  or  quite  as  hard  as  the  bricks  themselves,  before 
striking  the  centers.  Under  such  circumstances  we  should  not  object  to  a  series 
of  rings  even  1.5  bricks  thick,  laid  alternately  header  and  stretcher,  as  at  b. 

If  the  bricks  were  vonssoir-shaped,  that  is,  a  little  thicker  at  one 
end  than  the  other,  then  rings  a  whole-brick  thick  could  be  used  without  any  in- 
crease in  thickness  of  mortar-joint  at  the  back  of  each  ring.  Still  with  more 
than  one  ring,  the  radial  joints  would  not  be  continuous,  as  at  6,  but  broken  as  at 
ac.  Such  bricks  however  would  be  more  expensive  to  make ;  and  moreover,  in 
order  fully  to  answer  the  intended  purpose,  they  would  have  to  be  made  of  many 
patterns,  so  as  to  conform  to  the  many  radii  used  in  arches;  and  even  to  the 
radii  of  the  different  rings,  when  the  depth  of  the  arch  required  several  of  them. 

See  foot-note,  p.  671. 
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Rem.  2.  Wet  tbe  briefas  before  laying.    See  last  paragraph  of  p  670. 

Item.  3.  When  the  ends  or  faces  of  a  brick  arch  are  to  be  finished  with  cut- 
stone  TOnssoirs.  these  had  better  not  lie  inserted  nntil  some  time  after  the 
completion  of  the  brickwork,  the  hardening  of  the  mortar,  and  a  partial  easing 
of  the  centers ;  lest  they  be  cracked  or  spawled  by  the  unequal^ettlements  of  them- 
selves and  the  bricks. 


Rem.  Briek  arehes,  from  their  great  number  of  joints  are  apt  to  settle 
much  more  than  cut  stone  ones  when  the  centers  are  removed,  and  thereby  to 
derange  the  sha(>e  of  the  arch,  and  at  times,  without  due  care,  even  to  endanger 
its  safety,  especially  if  it  be  large  and  flat.  When  the  span  exceeds  about  30  to  35 
ft,  and  particularly  if  flat,  use  only  brick  of  superior  quality  in  good  cement 
mortar.  With  even  best  materials  and  work  we  advise  the  young  engineer  not 
to  attempt  brick  arches  for  railroad  bridges  of  greater  spans  than  about  the  fol- 
lowing. Considerably  larger  ones  than  some  of  them  have  been  built,  and  have 
stood ;  but  their  coefs  of  Bafety  are  not  in  all  cases  satisfactory.  In  this  table  the 
rise  is  in  parts  of  the  span. 


B. 

.5 

.4 

.36 

S. 

100 
97 
93 

B. 

s. 

88 
82 
75 

B. 

.225 

\ 
.183 

8. 

68 
60 
55 

B. 
.155 

T 

S. 

50 
45 
40 

B. 

.131 

S. 

35 

30 

On  the  Filbert  Street  Extension  of  the  Penna  B  B,  in  Pnila, 

are  four  brick  arches  of  60  ft  1  inch  span,  and  with  the  very  low  rise  of  7  ft.  They 
are  2  ft  6  ins  thick,  except  on  their  showing  faces,  where  they  are  b«t  2  ft.  The 
joints  are  in  common  mortar,  and  about  %  inch  thick.  These  four  arches,  about 
200  yards  apart,  with  a  large  number  of  others  of  26  ft  span,  form  a  viaduct.  The 
piere  between  the  short  spans  are  4  ft  3  ins  thick.  Those  at  the  ends  of  tbe  50-ft 
spans,  18  ft  6  ins.  The  springing  lines  of  all  the  arches  are  about  6  to  8  ft  above  the 
ground.  One  of  the  60-ft  arches  settled  3  ins  upon  prematurely  striking  the 
centers;  but  no  further  settlement  has  been  observed,  although  the  viaduct 
since  built  (1880)  had  a  very  heavy  freight  and  passenger  traffic,  at  from  10  to : 
miles  per  hour.    Roadbed,  about  100  ft  wide,  giving  room  for  9  or  10  tracks. 
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Art*  1*  A  center  is  a  temporary  wooden  structure  (built  lying  flat,  on  n  full 
size  drawing,  on  a  fixed  platform,  under  cover  or  not)  for  supporting  an  arch 
while  it  is  being  built.    It  consists  of  a  number  of  trusses  or  frames*/,/,  Fig.  1. 
placed  from  1  to  6  ft  apart  from  can  to  cen,  and  covered  with  a  flooring  I,  J,  of 
rough  boards  or  planks,  usually  laid  close,  and  called  the  sheeting  or  lag* 
ging,  immediately  upou  which  the  archstones  are  laid.    In  Fig  3,  the  lag- 
ging is  not  laid  close.    There  is  no  great  economy  in  placing  the  frames  very 
far  apart,  on  account  of  the  greater  required  amount  of  lagging,  the  thickness 
of  which  increases  rapidly.    For  the  thickness  of  lagging  see  Rem  9,  p  719.    The 
frames  are  of  many  designs.    Thus  Figs  7  and  9,  pp  554,  656,  are  often  used  for 
small  spans  (say  15  to  25  ft),  their  upper  timbers  supporting  throughout  their 
length  plank*  on  edge,  with  their  upper  edges  trimmed  to  conform  to  the  carve 
of  the  arch.    Fig  14,  p  570,  cov- 
ered iu  the  same  way,  is  some- 
times used  for  still  longer  spans, 
say  25  to  40  feet;  also  Fig  28,  p 
594;  Fig  31,  p  595 ;  and  Fig  35,  p 
508,  for  still  longer  ones. 


The  centers  rest  by  the  ends  of 
their  chorda,  «,  upon  wooden 
striking  wedges  w.  Fig  1, 

supported  by  standards  com- 
posed of  posts  p,  whose  tops  are 
connected  by  cap-pieces  o; 
and  whose  feet  rest  on  string- 
ers «;  the  whole  being  braced 
diagonally  as  shown. 

Ii  the  ground  is  very  firm,  and 
the  arch  light,  the  standards  may 
rest  on  it,  with  the  interposition 
of  adjusting-blocks,  n,  be- 
low the  stringer,  to  accommodate 

irregularities  or  the  surface  of  the. ground,  as  in  the  Fie.  These  blocks  should 
be  somewhat  double-wedge-shaped,  so  that  by  driving  them  the  standard  may 
be  raised  at  any  point  in  case  it  should  settle  a  little  into  the  ground.  But  for 
heavy  arches  the  standards  must  rest  on  a  much  firmer  foundation,  such  as  short 
blocks  of  brickwork  sunk  a  few  feet  into  the  ground,  or  some  other  device 
adapted  to  the  case.  Frequently  projecting  offsets  or  lootings,  or  at  times  re- 
cesses, are  provided  in  the  masonry  of  the  abutments  and  piers  for  this  express 
purpose ;  and  with  a  view  to  this  it  is  well  to  design  the  center  at  the  same  time 
as  the  arch.    Knowing  the  wt  of  the  arch  the 

1>roper  dimensions  of  the  posts  may  readily  be 
bund  by  table  p  459,  etc.  Up  to  spans  of  50  or  60 
ft  a  single  row  of  posts  (one  under  each  end  of 
each  frame)  will  suffice ;  but  for  much  larger  ones 
two  or  three  rows,  2  or  more  feet  apart  may  be- 
come expedient,  as  in  the  lower  Fig  2. 

The  striking  or  lowering-wedges 

before  alluded  to  are  for  striking  or  lowering  the 
center  after  the  completion  of  the  arch.  They 
consist  of  pairs  of  wedge-shaped  blocks,  w  w,  at  A, 
Figs  2,  of  hard  wood,  from  1  to  2  ft  long,  about  half 
as  wide,  and  a  quarter  or  more  as  thick,  (sufficient 
to  lower  the  center  from  say  2  to  6  or  more  inches, 
according  to  span  and  other  circumstances,;  rest- 
ing on  the  cap  o,  of  the  standard,  while  the  chord 
c  of  the  frame  rests  on  them.  When  the  end  of  a 
frame  is  supported  by  two  or  more  posts  p,  as  at  B, 
Fig  2,  instead  of  upon  one,  the  striking-wedges  are 
sometimes  made  as  there  shown ;  and  where  B  v 
is  one  long  wedge  at  right  angles  to  the  abutment, 
and  acting  as  lour  wedges  which  may  all  be  low- 
ered together  by  blows  against  the  end  B. 
Up  to  spans  of  60  or  80  ft,  all  the  frames  may  rest  on  but  two  wedges  like  F  * 
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each  so  long  as  to  reach  transversely  across  the  entire  arch.    Then  all  the 
frames  can  be  lowered  at  one  operation,  as  described  near  end  of  Art  9. 

If  we  had  to  consider  only  the  friction  of  dry  wood  against  dry  wood,  the  taper 
of  these  wedges  might  be  as  steep  as  1  vert  to  3  hor,  without  any  danger  of  their 
sliding  upon  each  other  of  their  own  accord;  and  they  would  then  require  very 
moderate  blows  to  start  them,  or  even  to  entirely  separate  them,  when  the  ceuter 
had  finally  to  be  lowered.  But  it  is  of  the  utmost  importance,  especially  in. large 
arches,  that  the  centers  should  be  lowered  very  slowly,  otherwise 
the  momentum  acquired  by  so  heavy  a  body  as  the  arch  in  descending  suddenly 
even  hut  2  or  3  ins,  might  possibly  affect  its  shape,  or  even  its  safety. 

Therefore  the  wedges  should  not  have  a  taper  steeper  than  about  1  in  6  or  8  for 
arches  of  less  than  about  50  ft  span :  or  than  1  in  8  or  10  for  larger  spans.  Vertical 
lines  at  equal  dists  apart  Should  be  drawn  on  the  long  sides  of  the  wedges  as  a 
guide  for  lowering  them  all  to  the  same  extent  at  a  time ;  and  this  should  not  ex- 
ceed in  all  about  half  an  inch  a  day  in  intervals  of  about  an  eighth  of  an  inch,  for 
60  ft  spans ;  or  about  .1  to  .25  of  an  inch  per  day  in  all,  for  spans  over  100  ft. 
Slowness  is  especially  to  be  recommended  in  brtek  arches,  not  only  because 
their  greater  number  of  joints  exposes  them  to  greater  derangement  of  shape, 
but  because  even  good  brick  has  much  less  than  the  average  crushing  strength 
of  good  granite,  limestone,  or  sandstone,  and  therefore  is  far  more  liable  than 
they  to  crack,  or  even  to  crush  (as  the  writer  has  seen)  when  the  strains  are 
thrown  almost  entirely  upon  their  edges,  as  described  in  Art  8.  For  more  on  brick 
arches,  see  p  709. 

At  Gloucester  Bridge,  England,  of  first  class  cut  stone,  span  150  ft,  rise 
86  ft,  the  centers  were  entirely  struck  within  the  very  short  space  of  8  hours :  and 
the  crown  of  the  arch  descended  10  ins !  At  Grosvenor  Bridpe,  England, 
of  first  class  cut  stone,  span  200  ft,  rise  42  ft,  such  care  was  taken  in  easing  the 
centers  that  the  crown  of  the  arch  settled  but  2.5  ins.  This  case  however  was 
marked  by  two  or  three  peculiarities,  all  of  which  contributed  to  this  favorable 
result.  Namely,  the  center  instead  or  being  a  series  of  frames  supported  as  usual 
by  their  ends,  and  of  course  involving  an  appreciable,  although  small,  degree  of 

sagging  or  settlement,  consisted 
essentially  of  vertical  and  in- 
clined posts  or  struts,  see  Fig  3, 
footing  on  four  temporary  piers 
of  masonry,  7  or  8  feet  thick,  built 
in  the  river,  parallel  to  the  abut- 
ments, and  as  long  as  they.  These 
piers  supported  six  frames  (or 
rather  six  series)  about  7  ft  apart 
cen  to  cen,  of  such  struts,  footing 
on  cast  iron  shoes.  Fig  3  shows 
half  of  one  series.  Each  frame 
or  series  consisted  of  four  fan-like 
sets  of  posts,  all  in  the  same  ver- 
tical plane.  The  long  horizontal  pieces  seen  extending  from  side  to  side  of  the 
arch  were  bolted  to  the  struts  to  increase  their  stiffness;  and  other  pieces  for  the 
same  purpose  united  the  six  series  transversely.  Here  each  strut  sustains  its  own 
share  of  the  weight  of  the  archstones,  and  transfers  it  directly  to  the  unyielding 
foundation  of  the  pier :  whereas  in  the  usual  trussed  centers,  the  entire  load  rests 
upon  the  frames,  and  is  finally  transferred  to  the  comparatively  unstable  support 
of  the  posts  at  their  ends. 

The  topsp  of  the  posts  of  a  series  varied  about  from  5  to  8  ft  apart  cen  to  cen ; 
and  were  connected  by  a  continuous  curved  rib,  rr%  of  two  thicknesses  of  4  inch 
plank,  bent  to  conform  approximately  to  the  curve  of  the  arch.  On  this  rib  were 
placed  pairs  of  striking-wedges  to  like  Fig  2,  about  16  ins  long,  10  to  12  ins  wide,  and 
tapering  1.5  ins,  so  near  together  (varying  about  from  2.5  to  3.5  ft  cen  to  cen)  that 
there  was  a  pair  under  each  Joint  of  the  archstones,  a  a.  On  these  wedges,  and  ex- 
tending over  all  six  of  the  frames,  were  the  lagging  pieces  I,  4£  ins  thick. 

This  peculiar  arrangement  of  the  strlltlng^wedsres  and  lag- 
ging has.  in  large  spans,  great  advantages  over  the  usual  one  of  placing  them  only 
at  the  ends  of  the  frames.  In  the  last  the  entire  center  and  the  entire  arch  are 
lowered  together,  without  giving  an  opportunity  to  rectify  any  slight  derange- 
ments of  shape  or  inequality  of  bearing  that  may  have  occurred  in  the  arch  during 
its  construction,  This  center,  designed  by  Mr.  Trubshaw,  admits  of  lowering 
either  the  whole  equally,  or  any  one  part  a  little  more  or  less  than  the  others. 
He  had  much  experience  in  large  arches,  and  stated  that  during  the  striking  he 
found  that  he  had  an  arch  under  better  control,  or  could  humor  It  better,' by  keep- 
ing the  hauqches  a  little  down,  and  the  crown  a  little  up,  until  near  the  end  of 
the  operation.  * 
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Rem.  1.  Instead  of  piers  of  masonry  for  supporting  the  feet  of  the 
posts,  wooden  cribs  or  piles  may  often  be  used  if  the  arch  is  over  water. 

Tlie  principle  of  supporting  even  trussed  frames  by  struts 
at  points  of  the  chord  as  far  from  the  abutments  as  circumstances  will  admit  of 
(in  addition  to  those  at  the  very  ends)  should  always  be  applied  when  possible, 
in  order  to  reduce  their  sagging  to  a  minimum.  Steps  or  offsets  in  the 
masonry  of  the  abutments  and  piers  may  be  provided  for  receiving  the  feet 
of  such  struts,  when  they  are  inclined. 

Rem.  2.  Screws  may  be  used  instead  of  wedges  for  lowering  centers.  At 
the  Pont  d'  Alma,  Paris,  ellipse  of  141.4  ft  span,  and  28.2  ft  rise,  the  frames  were  sup- 
ported by  wooden  pistons  or  plungers,  the  feet  of  which  rested  on  sand  eon- 
fined  in  plate-iron  cylinders  1  ft  in  diam  and  height,  and  having  near 
the  bottom  of  each  a  plug  which  could  be  withdrawn  and  replaced  at  pleasure, 
thus  regulating  the  outflow  of  the  sand  and  the  descent  of  the  center.  This  de- 
vice succeeded  perfectly,  and  is  well  worthy  of  adoption  under  arches  exceeding 
about  60  ft  span.  When  much  larger  than  this  the  driving  of  the'  wedges  on 
striking  requires  heavy  blows,  and  becomes  a  somewhat  awkward  Operation,  re- 
quiring at  times  a  battering-ram,  even  when  the  wedges  are  lubricated.  In  rail- 
road cuttings  crossed  by  bridges,  the  earth  under  the  arch  has  been 
made  to  serve  as  a  center,  by  dressing  its  surface  to  the  proper  curve,  and  then 
embedding  in  it  curved  timbers  a  few  feet  apart*  and  extending  from  abut  to  abut, 
for  supporting  the  close  plank  lagging. 

Rem.  3.  All  centers  must  yield  or  settle  more  or  less  under  the  wt 
of  the  arch,  especially  when  supported  only  near  their  ends;  and  since  the  arch 
itself  also  settles  somewhat  not  only  when  the  centers  are  struck,  but  for  some 
time  after,  it  is  advisable  to  make  them  at  first  a  little  higher  than  the  finished 
arch  is  intended  to  be.  This  extra  height,  when  the  supports  are  at  the  ends, 
may  be  from  2  to  4  ins  per  100  ft  of  span  for  cut  stone  arches  (according  to  time 
of  striking,  character  of  masonry,  workmanship,  etc.),  and  about  twice  as  much  in 
brick  ones. 

Bern.  4.  The  proper  time  for  striking  centers  is  a  disputed 
point  among  engineers,  some  contending  that  it  should  be  done  as  soon  as  the 
arch  is  finished  and  sufficiently  backed  up ;  and  others  that  the  mortar  should 
first  be  given  time  to  harden.  It  is  the  writer's  opinion  that  inasmuch  as  in 
cut-stone  arches  the  mortar  joints  should  be  very  thin ;  and  since,  in  such,  the 
mortar  is  at  best  of  very  little  service,  it  is  of  no  importance  when  they  are  struck ; 
provided  the  masonry  backing,  and  the  embkt  up  to  y  n  Fig  2,  p  608,  have  been  com- 
pleted ;  but  that  in  brick  or  rubble,  the  numerous  joints  of  both  of  which  require 
much  mortar,  (which  for  hardness  should  consist  largely  of  cement,)  3  or  4  months, 
or  longer,  if  possible,  should  be  allowed  it  to  harden  sufficiently  to  prevent  undue 
compression  and  consequent  settlement  when  the  centers  are  struck.  The  con- 
tinuance of  the  centers  need  not  interfere  with  traffic  over  the  bridge. 

Art.  2.  The  pressure  of  archstones  against  a  center  is  very  trifling  until  after 
the  arch  is  built  up  so  far  on  each  side  that  the  joints  form  angles  of  26°  or  80° 
with  the  horizontal.  Theoretical  discussions  on  this  pressure  make  no  allowance 
for  accidental  iarrings  in  laying  the  archstones,  or  by  the  accumulation  of  material 
ready  for  use,  laborers  working  on  it,  Ac.  Without  going  into  any  detail,  we  merely 
advise  on  the  score  of  safety  not  to  assume  it  at  less  than  about  the  following  pro- 
portions or  ratios  to  the  weight  of  the  entire  arch,  namely,  in  a  semicircular  arch 
.47 ;  rise  .35  span,  .61 ;  rise  .26  span,  .79 ;  rise  2  span,  .86;  rise  .167  span,  or  less,  1, 
or  equal  to  the  wt  of  the  arch.  This  gives  the  pressure  of  a  semicircular  arch 
upon  its  centers  rather  less  than  half  its  wt.  The  wt  of  the  centers 
themselves  when  supported  only  near  the  ends  must  be  considered  as  part 
of  the  load  borne  by  them. 

Art.  3.  We  have  seen  that  as  an  arch  a  a  a  is  being  gradually  built  upward  on 
both  sides,  after  passing  the  points  <?,  e,  Fig  4,  where  its  joints  form  angles  a  *  e,  of 
about  30°  with  the  horizontal  a  a,  the  arch  begins  to  press  more  and  more 
upon  the  centers  *,  thereby  tending  to  flatten  them  at  the  haunches,  as  shown  at  A 
in  the  dotted  line;  and  consequently  to  raise  them  at  the  crown,  as  shown  at  c. 
But  as  the  building  goes  on  still  higher,  the  added  stones  press  much  more  heavily 
upon  the  centers  than  those  below  had  done,  and  thereby  tend  to  a  final  derange- 
ment of  the  centers  just  the  reverse  of  that  caused  by  the  lower  ones ;  namely  to 
depress  them  at  the  crown  a,  as  at  o;  and  consequently  to  raise  the  haunches  as 
at  n;  and  this  the  more  because  the  upper  stones  actually  tend  to  lift  or  ease  the 
lower  ones  from  the  lagging.  In  some  cases  where  this  tendency  has  been  in- 
creased by  forcing'  the  keystones  into  place  by  too  hard  driving,  the  lagging 
under  the  haunches  could  be  drawn  out  without  any  trouble  before  the  centers 
were  eased  at  all.    On  striking  the  centers  this  tendency  to  sink  at  crown  and 
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rise  at  haunches  is  very  apt  to  exhibit  itself  more  or  teas  dangerously  in  tbe  arch- 
stones  themselves,  as  in  Fig  5,  causing  those  near  the  crown  to  press  verv  hard 
together  at  the  extrados,  and  to  separate  from  each  other  at  the  intrados ;'  whQe 
near  the  haunches  the  reverse  takes  place.  Hence  the  angles  of  the  stones  an 
frequently  split  and  spawled  off  near  c  and  h  by  this  unequal  pressure.    These 


Fig.  4. 


derangements  are  of  course  much  more  likely  to  be  serious  in  high  arches  than 
in  flat  ones,  especially  if  their  spandrels  are  not  sufficiently  built  up  before 
lowering  the  centers. 

In  the  Grosvenor  bridge,  before  alluded  to,  of  200  ft  span,  this  dangerous  excess 
of  pressure  near  c  and  h  was  prevented  by  covering  the  skewback  joint  of  the 
springing  course  at  each  abutment  with  a  wedge  of  lead  1.5  ins  thick  at  the  in- 
trados  of  the  arch,  and  running  out  to  nothing  at  the  extrados.  Beside  this  a 
strip  9  ins  wide  of  sheet  lead  was  laid  along  the  mtrados  edge  of  every  joint  until 
reaching  that  point  at  which  it  was  judged  that  the  line  of  pressure  would  pass 
from  the  intrados  to  the  extrados ;  after  which  similar  strips  were  laid  along  the 
extrados  edges  of  the  joints,  up  to  the  crown.  Hence  when  the  centers  were 
struck,  this  excess  of  pressure  merely  compressed  the  lead,  and  was  thus  enabled 
to  distribute  itself  more  evenly  over  the  entire  depth  of  the  joints.  See  Trans 
Inst  Civ  Eng  London,  vol  i. 

At  tbe  bridge  at  Neuillw,  France  (of  5  elliptic  arches  of  120  ft  span, 
and  80  ft  rise),  the  centers  were  so  radically  defective  in  design  that  the  arches 
sank  13.25  ins  at  crown  during  the  time  of  building;  and  10.5  ins  more  during 
and  immediately  after  the  striking ;  or  say  2  ft  in  all.  Their  construction  made 
the  striking  very  tedious  and  hazardous ;  greatly  endangering  the  lives  of  the 
workmen  and  the  existence  of  the  arches.  Some  of  the  joints  at  the  extrados 
at  the  haunches  opened  an  inch  each ;  and  those  at  the  intrados  of  the  crown  .25 
of  an  inch.  By  the  exercise  of  great  care  and  humoring  in  lowering  the  centers, 
these  openings  were  much  reduced. 

Rem.  1.  Chamfering  tbe  edges  of  tbe  arebstones  diminishes 
the  danger  of  their  spawling  off  from  unequal  pressure;  as  does  also  the  *eran» 
ing  out  of  tbe  mortar  of  tbe  Joints  for  an  inch  or  two  in  depth  be- 
fore striking  the  centers. 

Rem.  2.  It  is  evident  that  in  order  to  prevent,  or  at  least  to  diminish  the 
alternate  derangements  of  the  center,  those  of  its  web  members  which  at  first 
acted  as  struts  near  the  haunches,  Fig.  4,  to  prevent  them  from  sinking  as  at 
A,  must  afterwards  act  as  ties  to  prevent  them  from  rising  as  at  n;  while  those 

which  at  first  acted  as  ties  near 
the  crown  a,  to  prevent  it  from 
rising  as  at  c,  must  afterwards 
act  as  struts  to  prevent  it  from 
sinking  as  at  o.  In  other  words, 
the  principle  of  eounter- 
braetng  must  be  attended 
to  as  well  in  a  frame  or  truss 
for  a  center,  as  in  one  for  a 
bridge.  If  the  web  members 
are  on  the  Warren  or  simple 
triangle  system,  as  In  Fig  28, 
p  689,  this  may  be  effected  by 
making  each  member  a  tie- 
strut. 


Art.  4.  From  the  foregoing  it  is  plain  that  a  simple 
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arch,  or  curved  rib  is,  on  account  of  its  great  flexibility,  about  as  unfit  a  form 
as  could  be  chosen  for  a  center,  except  for  very  small  spans,  where  a  great  propor- 
tional depth  of  rib  can  be  readily  secured.  Still  the  writer  has  seen  it  used  for  a 
cut-stone  semicircular  arch  of  35  ft  span,  with  archstones  2  ft  deep.  Fig  6  shows 
one  rib  rr,  and  the  arch,  a  a,  drawn  to  a  scale.  Each  rib  consisted  of  two  thicknesses 
of  2  inch  plank  in  lengths  of  about  6.5  ft,  treenailed  together  so  as  to  break  joint, 
as  at  B.  Each  piece  of  plank  was  12  ins  deep  at  middle,  and  8  ins  at  each  end ; 
the  top  edge  being  cut  to  suit  the  curve'of  the  arch.  The  treenails  were  1.25  ins 
in  diam ;  and  12  of  them  showed  to  each  length.  These  ribs  were  placed  17  ins 
apart  from  cen  to  cen.  and  steadied  together  by  a  bridging  piece  of  inch  board,  18 
ins  long,  at  each  joint  of  the  planks,  or  about  3.25  ft  apart.  Headway  for  traffic 
being  necessary  under  the  arch,  there  were  no  chords  to  unite  the  opposite  feet 
of  the  ribs.  The  ribs  were  covered  with  close  board  lagging,  which  also  assisted 
in  steadying  them  together  transversely.  As  the  arch  approached  about  two- 
thirds  of  its  height  on  each  side,  the  ribs  began  to  sink  at  the  haunches,  as  at  A, 
Fig  4 ;  and  to  rise  at  the  crown,  as  at  c.  This  was  rectified  by  loading  the  crown 
with  stone  to  be  used  in  completing  the  arch ;  which  was  then  finished  without 
further  trouble. 

A  still  more  striking1  example  of  the  use  of  a  simple  unbraced  wooden 
rib,  was  in  the  old  National  Turnpike  bridge  over  Wills  Creek,  at  Cumberland,  Md. 
This  bridge,  of  which  one  arch  with 
its  center  is  shown  in  Fig  7  drawn 
to  a  scale,  consisted  of  two  elliptic 
cut  stone  arches  26.5  ft  wide  across 
roadway,  and  of  60  ft  span,  and  15 
ft  rise.  The  archstones  were  3  ft 
deep  at  crown,  and  4  ft  deep  at 
skewbacks.  Each  frame  of 
the  center  was  a  simple  rib  6 
ins  thick,  composed  of  three  thick- 
nesses of  2  inch  oak  plank  in  different  lengths  (about  7  to  15  ft)  to  suit  the  curve, 
and  at  the  same  time  to  preserve  a  width  of  about  16  ins  at  the  middle  of  each 
length,  and  12  ins  at  each  of  its  ends.  The  thicknesses  were  well  treenailed  to- 
gether, breaking  joint  and  showing  from  10  to  16  treenails  to  a  length. 

Here,  as  in  Fig  6,  there  were  no  chords,  owing  to  the  violence  of  the  floods  in 
the  creek.  These  ribs  were  placed  18  ins  from  cen  to  cen,  and  steadied  against 
one  another  by  a  board  bridging-piece  1  ft  long,  at  every  5  ft.  These  were  of 
course  assisted  by  the  lagging. 

When  the  archstones  had  approached  to  within  about  12  ft  of  each  other  near 
the  middle  of  the  span,  the  sinking  at  the  crown,  and  the  rising  at  the  haunches 
had  become  so  alarming  that  pieces  of  12  X  12  oak,  00,  were  hastily  inserted  at 
intervals,  and  well  wedged  against  the  archstones  at  their  ends.  The  arch  was 
then  finished  in  sections  between  these  timbers,  which  were  removed  one  by  one 
as  this  was  done. 

Bern.  1.  Such  instance*  of  partial  failure  are  very  instructive. 
It  is  indeed  by  such,  rather  than  by  theoretical  deductions,  that  the  proper  dimen- 
sions are  arrived  at  in  a  vast  number  of  cases  pertaining  to  engineering,  ma- 
chinery, Ac.*  Thus  we  might  with  entire  confidence  of  no  serious  mishap,  apply 
ribs  of  the  foregoing  dimensions  to  spans  only  half  as  great. 

Rem.  2.  Assuming  the  rib-planks  to  be  12  ins  wide,  it  would,  as  a  matter  of 
detail,  be  better  to  make  them  about  10  ins  wide  at  the  ends  instead  of  the  8  ins 
in  Fig  6  making  top  curve  2  ins.  To  secure  this,  their  lengths,  depending  on  the 
radius  of  the  rib,  must  not  exceed  those  in  the  following  table : 


Bad 
of  Arch. 

Greatest  Length. 

Bad 
of  Arch. 

Greatest  Length. 

Feet. 
5 
10 
15 
20 
25 

Feet  and  Ins. 
2      "      5 
8      "      4 

4  "      2 
6      "      0 

5  "      9 

Feet. 
30 
35 
40 
45 
50 

Feet  and  Ins. 

6  "      4 

7  "      0 

7      u      6 

7  "    10 

8  "      2 

•  Tbe  young  engineer  1000111  make  and  preserve  full  notes  in  detail  of  all  such  as  may  fall  within 
Ms  notice* 
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cut  1W  limes  as  long  as  this  table,  they  will  be  very  approximately  8 


'-'.!• 


iJlr°-ilr°n[h 


;  namely  to  plavee  the  center* 
re  the  arch.  Instead  of  below 
id  after  tbn  arch  la  completed  la  so> 
a  a,  Instead  of  lowering  the  ecn- 


;rength)in  largsspansof  great  rise,asQu  .       _  .„  ,._ 

account  of  the  excessive  length 
required  for  the  web  member"; 

usually  be  found  expedient  lo 
adopt   something   analogous  to 

of  the  Fie.  Here  a.  truss/  shorter 
and  shallower  than  that  on  the 
right  hand,  fs  substituted  for  the 
latter.  Atltseodaprovislonmust 

ItscTf,  but  the  archstones'  below 


and  shallower  frame  a  a.    This  ma;  In  large  spans  be  aided  by 
ilire  length.  The  striking-wedges  for  these  various  supports  may 


of  10  feet  clear  ■ 

'  on  top  of  it,  trimmed 


JtjlO^ 


middle  of  each  piece,  In  lengths  as  por  tabic,  Kern  2,  Art  4,  well  Dulled  a. 
nplhpd  together,  according  to  span,  breaking  Joint  as  In  Fig  8.  will  answer  to 
distances  uf21o  3  ft  apart  cen  to  ceo.    For  greater  dials  apart  increase  the  thjeh 


■a  have  to  be  moved  from  plnee  ti 

inr  i.imlit  ari.Tii.^,  Lnen,  lo  preserve  thaxq  from  Injury  in  handling,  ineir 
be  united  by  nailing  on  one  or  both  sides  of  each  frame  a  chord  plea 
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inch  board ;  and  also  a  vertical  piece  or  pieces  of  the  same  size  from  the  center 
of  the  chord  to  the  top  of  the  frame. 

Even  when  they  are  not  to  be  moved,  the  chord  pieces  are  useful 
even  in  so  small  spans,  inasmuch  as  they  render  the  striking  easier,  by  not  allow- 
ing the  feet  of  the  ribs  to  give  trouble  by  spreading  outward  and  pressing  against 
the  abutments. 

.  For  spans  of  15  to  30  ft,  and  for  any  rise  not  less  than  one  sixth  of  the 
span,  the  following  dimensions,  varying  with  the  span,  may  be  used  for  distances 
apart  of  3  ft  from  cen  to  cen. 
See  Fig  11.  For  the  bow  b, 
two  thicknesses  of  1  to  2  inch 
plank  from  9  to  12  ins  wido 
at  the  middle;  and  from  7  to 
10  ins  at  each  end,  well  spiked 
together  breaking  joint  as  at  B, 
Fig  6.  For  the  chord  c,  two 
thicknesses  of  plank  of  same 
size  as  the  bow  at  its  middle ; 
placed  on  outsides  of  bow,  and 
-well  spiked  to  its  ends.  A 
vertical  v,  in  one  piece  as 
wide  as  a  bow  plank,  and  twice 

as  thick.  Its  top  is  placed  under  the  bow,  and  is  confined  to  it  by  two  pieces,  o,  o, 
of  how  plank  twice  as  long  as  the  bow  plank  is  deep,  and  spiked  to  both  v  and  the 
bow.  The  foot  of  v  passes  between  the  two  thicknesses  of  the  chord  c,  and  is 
spiked  to  them.  Two  oblique  tie-struts,  «,  each  of  two  pieces  of  bow 
plank,  outside  of  the  bow  and  vertical  v ;  footing  against  each  other ;  and  spiked 
to  how  and  v.    These  with  v  divide  the  bow  into  4  parts. 

Rem.  1.  The  above  dimensions  are  suitable  to  a  rise  of  one  sixth.  If  the 
rise  is  one  fourth,  the  thickness  only  of  the  planks  may  be  reduced  one  third 
part ;  and  for  a  rise  of  one  third  or  more,  we  may  reduce  to  one  naif. 

Item*  2.  If  in  the  larger  of  these  spans  the  struts  t  should  show  any  incli- 
nation to  bend  sideways,  nail  on  some  pieces  t  from  frame  to  frame.  Also  in  the 
larger  ones  with  rises  exceeding  one  third,  insert  four  double  struts  s>  instead 
of  two ;  thus  dividing  the  bow  into  6  parts,  as  at  left  side  of  Fig.  11.  For  spans  of 
25  to  35  ft,  add  also  two  struts  like  a  a,  of  same  size  as  v. 

Art.  8.  For  spans  greater  than  about  30  ft,  the  writer  believes 
that  as  a  general  rule  (liable  to  modifications  according  to  the  judgment  of  the* 
engineer  in  charge)  the  following  ideas  will  lead  to  safe  practice.  Namely,  to 
adopt  a  bowstring  truss  with  a  simple  Warren  or  triangular  web,  as  at  /  on  the 
left  side  of  Fig  9.  The  bow  to  rest  on  the  chord,  and  each  to  be  of  a  single  thick- 
ness. The  web  members  (especially  in  large  spans)  to  be  also  of  single  thickness, 
and  placed  below  the  bow,  resting  on  the  chords,  and  well  strapped  to  both,  so  as 
to  act  as  either  ties  or  struts.  In  smaller  spans  the  web  members  may  each  be  in 
two  thicknesses,  one  bolted  or  treenailed  to  each  side  of  the  bow  and  chord.  Other 
modes  will  suggest  themselves :  but  we  have  not  space  for  such  details. 

Or  a  web  of  the  Howe,  or  of  the  Pratt  system,  as  on  the  right  side  of  Fig  9  may  be 
used.  But  in  reference  to  both  of  these  it  may  be  remarked  that  the  use  of 
Ions  Iron  rods  In  centers  of  large  spans  is  highly  objectionable,  owing 
to  the  different  rates  of  expansion  between  iron  and  wood.  Therefore  if  these 
systems  are  used,  all  the  members  should  be  of  wood.   The  lattice  may  be  used. 

Even  when  the  rise  of  the  arch  exceeds  .25  of  the  span,  it  is  better  not  to  let 
that  of  the  centers  exceed  that  limit ;  but  adopt  the  expedient  shown  at 
the  left  side  of  Fig  9,  with  a  rise  of  about  one  sixth  of  the  span. 

Bern.  1.  To  fix  on  the  number  of  web  triangles  in  a  Warren 
truss  or  frame  for  a  center,  find  the  square  root  of  the  span,  and  to  it  add  one 
tenth  of  the  span.  Divide  their  sum  by  2,  and  call  the  quotient  n.  Divide  the 
span  by  n.  If  this  quotient  is  a  whole  number  use  it;  or  if  the  quotient  is  partly 
decimal,  use  the  whole  number  nearest  to  it,  as  a  distance  in  feet  to  be  stepped  off 
along  the  chord ;  thus  dividing  the  chord  into  a  number  of  equal  parts.  All  the 
points  thus  found  on  the  chord,  are  the  places  for  the  feet  of  the  triangles. 
Next,  from  half  way  between  each  two  of  these  points,  draw  vertical  lines  to  the 
bow.  The  points  thus  found  along  the  bow,  are  the  places  of  the  tops  of  the 
triangles.  This  rule  will  be  used  in  connection  with  the  following  Table  of  Areas 
of  Bows,  as  the  two  are  dependent  on  each  other. 

In  large  arches  the  timber  of  the  bow  should  not  be  wasted  by 
trimming  its  upper  edges  to  the  curve  of  the  arch,  but  should  be  left  straight ;  ana 
separate  pieces  so  trimmed,  like  c  in  Fig.  10,  should  be  spiked  on  top  of  them. 
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The  transverse  area  of  the  bow,  in  square  inches,  maybe  taken  from 
the  following  table :  and  may  in  practice  be  assumed  to  be  uniform  throughout 
its  entire  length ;  which  in  fact  it  is  quite  approximately.    See  Rem  2. 

TABLE  FOR  BOWSTRING  CENTERS. 

Table  of  areas  in  square  inches  at  the  crown  of  each  Bow,  ofproperly 
trussed  Bowstring  frames  for  centers  of  stone  or  brick  arches.  The  frames  to 
be  placed  0  feet  apart  from  cen  to  cen.  With  these  areas,  the  combined  weights 
of  arch,  center  (of  oak),  and  lagging,  will  in  no  case  in  the  table  strain  the  Bow 
at  crown  of  the  greatest  spans  quite  1000  lbs  per  square  inch ;  diminishing  grad- 
ually to  600  or  700  lbs  in  the  smallest  spans,  which  are  more  liable  to  casualties. 
The' depths  of  the  archstones  may  be  taken  fnlly  equal  to  those  in  our  table,  p 
097.    Although  centers  of  moderate  span  are  usually  made  of  white  or  yellow 

{>ine,  spruce,  or  hemlock,  all  of  which  are  considerably  lighter  than  oak,  we  hare 
or  safety  assumed  them  to  be  of  oak,  in  preparing  our  table. 
For  spans  of  from  10  to  20  feet  use  the  same  sixes  as  for  20  feet 


Original. 

Rise  in  parts  of  the  Span. 

* 

.5 

.4 

.38    .3    .2(5     .2 

.15 

.1 

Span 

in  feet. 

Areas  of  transverse  section  of  Bow, 

in  square  inches. 

20 

14 

17 

19 

21 

24 

29 

88 

59 

25 

18 

22 

25 

28 

33 

40 

53 

80 

80 

23 

28 

32 

37 

43 

51 

71 

108 

85 

28 

34 

40 

45 

54 

64 

87 

125 

40 

84 

41 

48 

55 

65 

77 

106 

150 

45 

40 

49 

57 

65 

76 

92 

126 

175 

50 

47 

57 

66 

76 

89 

107 

146 

203 

55 

53 

64 

75 

87 

102 

121 

166 

233 

60 

60 

73 

85 

99 

115 

135 

187 

263 

65 

68 

81 

95 

110 

129 

151 

209 

294 

70 

75 

90 

105 

122 

143 

168 

233 

325 

75 

83 

99 

115 

133 

157 

184 

256 

357 

80 

91 

108 

125 

145 

171 

201 

279 

890 

85 

99 

117 

136 

157 

185 

218 

802 

423 

90 

108 

127 

147 

169 

199 

235 

825 

457 

95 

115 

136 

158 

181 

214 

252 

848 

490 

100 

123 

146 

169 

194 

229 

270 

872 

524 

no 

133 

166 

191 

219 

260 

807 

420 

092 

120 

155 

187 

213 

246 

291 

345 

470 

660 

130 

172 

208 

237 

274 

323 

384 

520 

140 

190 

230 

263 

303 

357 

424 

672 

150 

209 

252 

289 

333 

893 

466 

160 

229 

276 

815 

365 

430 

509 

170 

250 

299 

843 

399 

469 

180 

272 

323 

873 

435 

511 

190 

294 

347 

403 

472 

200 

318 

372 

435 

509 

Rem.  2.  The  square  root  of  any  of  these  areas  gives  in  inches  the  side  of 
a  square  bow  of  that  area.  The  distances  apart  of  the  triangles  which  form 
the  web  of  the  frame,  having  first  been  found  by  Rem  1  (for  said  Rem  and  this 
table  are  dej>endent  on  each  other),  the  above  areas  for  bows  5  ft  apart  from  cen 


to  cen,  suffice  not  only  to  resist  the  pressure  along  the  bow,  but  also,  as  soi 
beams,  to  sustain  with  a  safety  in  no  case  less  than  about  5.  the  load  of  arch- 
stones  resting  upon  them  between  the  adjacent  tops  of  two  triangles :  and  with 
very  trifling  deflections.  It  is  therefore  unnecessary  to  deepen  the  ribs  for  that 
purpose:  although  it  may  be  done  (preserving  the  same  area)  in  case  consider- 
ations of  detail  should  render  it  desirable. 
As  before  suggested,  it  will  generally  be  best,  in  spans  exceeding  80  or  40  ft,  to 

£ve  the  bow  a  rise  not  exceeding  about  one  fifth  or  one  sixth  of  the  span ;  and 
support  the  frames  as  at/,  Fig  9. 

The  size  of  the  chord  may  be  the  same  as  that  of  the  bow ;  and  like  it 
uniform  from  end  to  end ;  care  however  being  taken  that  it  be  not  materially 
weakened  by  footing  the  bow  upon  its  ends ;  or  (when  too  long  for  single  tim- 
bers) by  the  splicing  necessary  to  prevent  its  being  stretched  or  pulled  apart  by 
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the  thrust  of  the  bow.  When,  however,  the  chord  can  be  placed  at,  or  a  little 
below  the  springs  of  the  arch,  all  danger  of  this  kind  may  be  avoided  by  simply 
wedging  its  ends  well  against  the  faces  of  the  abutments. 

As  to  the  size  of  tbe  web  members,  when  a  bowstring  truss  is 
fully  loaded  on  top  of  the  bow,  (as  is  approximately  the  case  with  a  center 
and  its  archstones,)  the  strains  on  the  web  members  are  quite  insignificant,  and 
arise  chiefly  from  the  weight  of  the  center  itself;  but  while  it  Is  being  so 
loaded,  they  are  not  only  greater,  but  are  constantly  changing,  not  only  in 
amount,  but  also  in  character — being  at  one  period  compressive,  and  at  another 
tensile. 

Hence  it  would  be  very  tedious  to  calculate  the  dimensions  of  the  web  members. 
Fortunately  the  necessity  for  doing  so  is  in  a  great  measure  obviated  by  the  fact 
that  a  center  being  but  a  temporary  structure,  the  timber  composing  it  is  not  ulti- 
mately wasted  if  a  greater  quantity  of  it  is  used  than  is  absolutely  required. 
Moreover  facility  of  workmanship  is  secured  by  not  having  to  employ  timbers 
of  many  different  sizes. 

Hence  the  writer  will  venture  to  suggest,  entirely  as  a  rule  of  thumb,  to  give 
each  web  member  half  tbe  transverse  area  of  tbe  bow, 
taking  care  to  make  each  of  them  a  tie-strut. 

Rem.  3.  As  to  details  of  joints,  we  refer  to  the  Figs  on  pages  611, 
013 ;  merely  suggesting  here  the  use  of  long  and  wide  iron  shoes  where  timbers 
are  subjected  to  great  pressure  sideways. 

Bern.  4.  To  prevent  the  thrust  of  the  bow  when  its  rise  is  small,  from  split- 
ting off  the  ends  of  the  chords,  the  two  may  be  united  by  many  more  bolts  than 
are  employed  in  roof  trusses,  Ac,  where  only  one  is  generally  placed  near  each  end 
of  the  chord.  But  they  maV  when  required  be  inserted  at  intervals  extending  to 
many  feet  from  the  ends.  They  should  have  strong  large  washers ;  and  may  have 
about  the  same  inclination  as  the  shortest  web  member. 

Another  way  of  securing  the  same  end  in  smaller  spans,  is  by  completely  en- 
casing the  two  sides  of  the  bow  and  chord,  to  a  distance  of  a  few  feet  from  their 
ends, In  short  pieces  of  board  or  plank  spiked  to  both  of  them,  and  having  about 
the  same  inclination  as  just  suggested  for  bolts. 

Rem.  5.  Build  up  both  sides  of  the  arch  at  once,  in  order  to  strain  the  cen- 
ters as  little  as  possible. 

Rem.  6.  when  a  bridge  consists  of  more  than  one  arch,  and  they  are  to  be 
built  one  at  a  time,  there  must  be  at  least  two  centers ;  for  a  center  must  not 
be  struck  until  the  contiguous  arches  on  both  sides  are  finished,  for  fear  of  over- 
turning the  outer  unsupported  pier.  Therefore  if  there  are  but  two  arches,  they 
must  be  built  at  once,  requiring  two  centers. 

Rem.  7*  Always  use  supports  either  vertical  or  inclined  (and  pro- 
vided with  striking- wedges)  under  the  frames,  and  intermediate  of  the  end  sup- 
ports, when  possible ;  even  if  they  can  extend  out  but  a  few  feet  from  the  abut- 
ments, as  at  the  left  side  of  Fig  9. 

Rem.  8.  Tbe  weight  of  large  centers  and  their  lagging  is  greater 
for  flat  arches  than  for  high  ones  of  the  same  span ;  and  also  approaches  nearer 
to  that  of  the  supported  arch. 

Rem.  9.  Thickness  of  lagging.  The  following  table  gives  thicknesses 
which  will  not  bend  more  than  an  eighth  of  an  inch  under  the  weight  of  any 
probable  archstones  adapted  to  tbe  respective  spans ;  and  generally  not 
so  much. 

TARLE  OF  INGOING.— Original. 


Distance  apart 

of  frames, 
in  tbe  clear. 


Feet. 
6 
0 

4 
8 
2 


Span  of  center  in  feet. 


lO. 


80. 


I 


SO. 


lOO. 


150. 


800. 


Thickness  of  close  lagging  not  to  bend  more  than  Vg  inch. 


Ins. 

4 
8 


IK 


Witb  thicknesses  three  quarters  as  great  as  these,  the  bending  may  reach 
a  full  quarter  inch ;  which  may  be  allowed  in  dists  apart  of  3  or  more  ft. 

Rem.  10.  Centers  are  framed,  or  put  together,  (like  iron  bridges)  on  a 
firm,  level  temporary  floor  or  platform,  on  which  a  full-size  drawing  of  a  frame  is 
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first  made.    As  each  frame  is  finished,  it  is  removed  to  its  place  on  the  piers  or 

abuts. 

Art.  9.  Tbe  Wissahickon  Bridge  of  the  Reading  R  R,  at  Philadelphia, 
has  five  arches  of  65  ft  span,  28  ft  rise,  28  ft  wide  (archs tones  3  ft  deep,  with  dressed 
beds  and  joints,  in  cement  mortar) ;  with  four  cutstone  piers  9.5  ft  thick  at  top,  and 
from  35  to  50  ft  high.  It  contains  about  15400  cub  yds  of  masonry.*  Each  center 
consisted  of  7  frames  or  trusses  of  hemlock  timber,  of  the  Bowstring  pattern  with 
lattice  (p  596)  web-members ;  and  as  nearly  as  may  be,  of  the  same  span  and 
rise  as  the  arches.    They  were  placed  4.5  ft  apart  from  center  to  center;  and  were 

supported  near  each  end  /,  Fig  13 
(a  transverse  section  to  scale)  by 
a  hemlock  post  p,  12  ins  square. 
The  bow  was  of  two  th  icknesses 
66  of  hemlock  plank,  6  ins  apart 
clear,  in  lengths  of  6  ft,  with  their 
upper  edges  cut  to  suit  the  curve 
of  the  arch.  Each  piece  was  4  ins 
thick,  by  13.5  ins  deep  at  its  middle, 
and  12  ins  at  its  ends.  These  pieces 
did  not  break  joint;  but  at  each 
joint  were  four  %  inch  bolts,  with 
nuts  and  washers,  uniting  them 
with  chocks  or  filling-in  pieces. 
The  bow,  6  6,  footed  on  top  of  the  ends  of  the  chords  //  and  the  angle  formed  by 
their  meeting  (seen  only  in  a  side  view)  was  (for  about  2.5  ft  horizontal  and  5.5  ft 
vertical)  filled  up  solid  with  vertical  pieces,  to  afford  a  firmer  base  for  resting  the 
frame  on  n ;  beyond  which  it  extends  (in  a  side  view)  about  18  ins. 

The  chords  /were  of  two  thicknesses  of  4  X  12  hemiock  plank,  6  ins  apart 
clear,  and  most  of  them  in  two  or  three  lengths ;  breaking  joint,  and  with  two  •$£ 
inch  bolts,  with  nuts  and  washers,  at  each  joint,  for  bolting  them  together,  and  to 
filling-in  pieces.  The  web  members  of  each  frame  were  26  lattices,  o,  of 
3  X  12  inch  hemlock,  crossing  each  other  about  at  right  angles,  at  intervals  of  about 
3.5  ft  from  center  to  center,  and  passing  between  the  two  thicknesses  6  6  of  the  bow, 
and//  of  tbe  chords.  A  few  of  the  lattices  were  in  two  lengths,  and  the  joints  were 
not  at  the  crossings.  The  lattices  were  connected  at  each  crossing  by  two  hard  wood 
treenails  9  ins  long,  and  2  ins  diam ;  and  one  such,  18  ins  long,  passed  through  tbe 
intersection  of  each  end  of  a  lattice  with  a  bow  or  chord.  The  first  lattice  foots 
about  4  ft  from  the  end  of  a  chord.  They  do  not  exteud  above  the  top  of  the  bow. 
All  the  spaces  between  the  two  thicknesses  of  bow  or  chord,  where  not  occupied  by 
the  ends  of  lattices,  were  completely  filled  by  chocks,  well  spiked. 

Each  frame  contained  about  360  cub  ft  of  timber;  and  weighed  about  ft 
tons.  They  were  very  flexible  laterally  until  in  place,  and  braced  together  by  4 
transverse  horizontal  planks  spiked  to  their  chords ;  and  by  5  others  above  them, 
spiked  to  the  lattices. 

Until  the  keystones  were  placed,  all  the  joints  of  the  frames  continued  tight,  under 
the  pressure  from  the  arch,  and  from  the  unfinished  backing  to  the  height  of  about 
14  ft  above  the  springing  line ;  but  after  the  keystones  were  set,  all  the  joints  of  the 
chords  alone  opened  from  .26  to  .75  of  an  inch ;  and  at  the  same  time  the  lagging  un- 
der the  haunches  of  the  arches  became  slightly  separated  from  the  soffit  of  the  masonry. 
Each  center  sank,  but  a  full  inch  at  the  middle,  under  the  pressure  from 
the  arch  and  14  ft  of  backing. 

The  portion  of  the  bridge  above  the  piers  was  about  two  thirds  completed  before 
the  centers  were  struck. 

There  was  one  wedgpe  to,  to,  (32.5  ft  long,  of  12  X  12  inch  oak)  under  each 
end  of  a  center.  It  was  trimmed  to  form  7  smaller  ones  *>,  to,  each  4.5  ft  long,  and 
tapering  7  ins ;  one  under  each  end  of  each  frame  /.  They  played  between  tapered 
blocks  a,  a,  of  oak,  2  ft  long,  1  ft  wide,  let  1  inch  into  the  cap  c,  or  into  the  piece  u, 
on  which  last  the  frames  /,/,  rested.  The  sliding  surfaces  were  well  lubricated  with 
tallow  when  put  in  place. 

The  wedges  were  struck  with  ease,  at  one  end  of  a  center  at  a  time,  by  an 
oak  log  battering-ram  18  ft  long,  and  nearly  a  ft  in  diam,  suspended  by  ropes,  aud 
swung  and  guided  by  4  men.  They  generally  yielded  and  moved  several  inches  at 
the  second  blow  with  a  3  or  4  ft  swing.  Although  each  wedge  was  loosened  entirety 
within  2  or  3  minutes,  thus  lowering  the  centers  very  suddenly,  yet  on  account  of  the 

*  Thla  bridge,  finished  without  accident,  In  1882,  reflects  much  credit  on  the  late  William  Loreas, 
K>q,  Ch.  Eng;  on  Mr.  Charles  W.  Buehholf,  Aftiiatant  in  Charge;  and  on  the  ■kilfnl  and  energetic 
contractors,  William  fc  Jame«  Nolan,  of  Reading,  Penna.  These  last  moat  eordially  "tlatcd  the 
writer  .in  making  obaerrations  duriug  tbe  entire  progress  of  tbe  work. 
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good  character  of  the  masonry,  not  the  slightest  crack  of  a  mortar  joint  could  afteiw 
wards  be  detected  in  any  part  of  the  work.  After  three  days  the  average  sinking  of 
the  keystones  whs  only  .35  of  an  inch  ;  the  least  was  \£<  an(*  tne  greatest  %  of  an 
inch.  The  heads  and  feet  of  the  posts  p  compressed  the  hemlock  caps  c,  and  the 
sills,  about  %  of  an  inch  each,  showing  that  for  arches  of  this  size  the  caps  and  sills 
had  better  be  of  some  harder  wood,  as  yellow  pine  or  oak ;  although  probably  the 
compression  was  facilitated  by  the  large  mortices,  3  by  12  ins,  and  6  ins  deep. 


722 


RAILROAD  CONSTRUCTION. 


RAILROADS. 


RAILROAD  CONSTRUCTION. 


TABLE  OF  ACRES  REQUIRED  per  mile,  and  per  lOO  feet, 

for  different  widths. 


Width. 
Feet. 


1 
2 
3 
4 
5 
6 
7 
8 


9 
10 

n 

12 
13 
14 
15 
16 


X 


17 

18 
19 
20 
21 
22 
23 
21 

< 

25 


X 


% 


Acres 

Acres 

per 

per 

Mile. 

100  Ft. 

.121 

.002 

.242 

.005 

.364 

.007 

.485 

.009 

.606 

.011 

.727 

.0t4 

.848 

.016 

.970 

.018 

1. 

.019 

1.09 

.021 

1.21 

.023 

1.33 

.025 

1.46 

.028 

1.58 

.080 

1.70 

.032 

1.82 

.034 

1.94 

.037 

2. 

.038 

2  06 

.039 

2.18 

.041 

2.30 

.044 

2.42 

.046 

2.55 

.048 

2.67 

.051 

2.79 

.053 

2.91 

.055 

3. 

.057 

3.03 

.057 

Width. 
Feet. 

Acres 

per 

Mile. 

Acres 

per 

100  Ft. 

Width. 
Feet. 

26 

3.15 

.060 

52 

27 

3.27 

.062 

53 

28 

3.39 

.064 

54 

29 

3.52 

.067 

55 

30 

3.64 

.069 

56 

31 

3.76 

.071 

57 

32 

3.88 

.073 

K 

33 

4.00 

.076 

68 

34 

4.12 

.078 

59 

35 

4.24 

.080 

60 

36 

4.36 

.083 

61 

37 

448 

.085 

62 

38 

4.61 

.087 

63 

39 

4.73 

.090 

64 

40 

4.85 

.092 

65 

41 

4.97 

.094 

66 

l4 

5. 

.094 

67 

42 

5.09 

.096 

68 

43 

5.21 

.099 

69 

44 

533 

.101 

70 

45 

5.45 

.103 

71 

46 

5.58 

.106 

72 

47 

5.70 

JOS 

73 

48 

5.82 

.110 

74 

49 

5.94 

.112 

M 

K 

6. 

.114 

75 

50 

606 

.115 

76 

51 

6.18 

.117 

77 

Acres 

per 

Mile. 


6.30 

6.42 

6.55 

6.67 

679 

6.91 

7. 

7.03 

7.15 

7.27 

7.39 

7.52 

7.64 

7.76 

7.88 

8. 

8.12 

8.24 

8.36 

8.48 

8.61 

873 

8.85 

897 

9. 

9.09 

921 

9.33 


Acres 

per 

100  Ft. 


.119 
.122 
.124 
.126 
.129 
.131 
.133 
.133 
.135 
.138 
.140 
.142 
.145 
.147 
.149 
.151 
.154 
.156 
.158 
.161 
.163 
.165 
.168 
.170 
.170 
.172 
.174 
.177 


Width. 
Feet. 

Acres 

per 

MUe. 

78 

9.45 

79 

9.58 

80 

9.70 

81 

9.82 

82 

9.94 

X 

10. 

83 

10.1 

84 

10.2 

85 

10.3 

86 

10.4 

87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


K 


10.5 

10.7 

10.8 

10.9 

11. 

11.0 

11.2 

11.3 

11.4 

11.5 

11.6 

11.8 

11.9 

12. 

12.1 


Acres 

per 

100  Ft. 


.179 

.181 

.184 

.186 

.188 

.189 

.190 

.193 

.195 

.197 

.200 

.202 

.204 

.207 

.209 

.209 

.211 

.213 

.216 

.218 

.220 

.223 

.226 

.227 

.230 
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Table  of  jrrade*  per  mile,  and  per  lOO  feet  measured  horl. 
son  tally,  and  corresponding'  to  different  angles  of  incli- 
nation. 


U 

'Feet  per 

Feet  per 

s?  * 

Feet  per 

Feet  per 

•          • 

?  3 

Feet  pet 

Feet  pei 

Sfi 

1  Feet  per 

Feet  per 

|    mile. 

100  ft. 

Q  S 

mile. 

100  ft. 

Q  » 

mile. 

100  ft. 

3  26 

J    mile. 

100  ft. 

0    I 

1.536 

.0291 

0  45 

69.11 

1.3090 

1  58 

181.3 

8.4341 

316.8 

5«9v94 

2 

3.072 

.0582 

46 

70.64 

1.3381 

2    0 

184.4 

8.4924 

28 

319.8 

6.0579 

3 

4.608 

.0878 

47 

72.18 

1.3672 

2 

187.5 

8.5506 

30 

822.9 

6.1163 

4 

6.144 

.1164 

48 

73.72 

1.3963 

4 

190.6 

8.6087 

32 

326.0 

6.1747 

6 

7.680 

.1455 

49 

75.26 

1.4254 

6 

193.6 

3.6669 

84 

829.1 

6.2330 

6 

9.216 

.1746 

50 

76.80 

1.4545 

8 

196.7 

8.7250 

86 

332.3 

62914 

7 

10.75 

.2037 

61 

78.33 

1.4837 

10 

199.8 

3.7833 

88 

335.3 

6.3498 

8 

12.29 

.2328 

62 

79.87 

1.5128 

12 

202.8 

8.8416 

40 

838.4 

6.4088 

9 

13.82 

.2619 

53 

81.40 

1.5419 

14 

205.9 

8.8999 

42 

341.4 

6.4664 

JO 

15.36 

.2909 

54 

82.94 

1.5710 

16 

208.9 

8.9581 

44 

344.5 

6.6246 

11 

16.90 

.3200 

55 

84.47 

1.6000 

18 

212.0 

4.0163 

46 

347.6 

6.5832 

12 

18.43 

.3491 

66 

86.01 

1.6291 

20 

215.1 

4.0746 

48 

350.7 

6.6418 

13 

19.98 

.3782 

67 

87.54 

1.6583 

22 

218.1 

4.1329 

50 

353.8 

6.7004 

14 

21.50 

.4073 

58 

89.08 

1.6873 

24 

221.2 

4.1911 

52 

366.8 

6.7588 

15 

23.0ft 

.4364 

59 

90.62 

1.7164 

26 

224.8 

4.2494 

64 

359.9 

6.8168 

16 

24.58 

.4655 

1 

92.16 

1.7455 

28 

227.4 

4.3076 

56 

363.0 

6.8751 

17 

26.11 

.4946 

2 

95.23 

1.8038 

80 

230.6 

4.3659 

68 

366.1 

6.9839 

18 

27.64 

.5237 

4 

98.30 

1.8620 

32 

233.5 

4.4242 

4 

369.2 

6.9926 

19 

29.17 

.5528 

6 

101.4 

1.9202 

34 

236.6 

4.4826 

5 

376.9 

7.1384 

20 

80.72 

.5818 

8 

104.6 

1.9784 

36 

299.7 

4.5409 

10 

384.6 

7.2842 

XI 

82.26 

.6109 

10 

107.5 

2.0366 

38 

242.8 

4.5998 

15 

392.3 

74300 

23 

83.80 

.6400 

12 

110.6 

2.0948 

40 

245.9 

4.6576 

20 

400.1 

7.5767 

23 

85.33 

.6691 

14 

113.6 

2.1530 

42 

248.9 

4.7159 

25 

407.8 

7.7234 

24 

86.86 

.6982 

16 

116.7 

2.2112 

44 

252.0 

4.7742 

30 

415.5 

7.8701 

25 

88.40 

.7273 

18 

119.8 

2.2694 

46 

255.1 

4.8325 

85 

423.2 

8.0163 

28 

89.94 

.7564 

20 

122.9 

2.3277 

48 

258.2 

4.8908 

40 

481.0 

8.1625 

27 

41.47 

.7855 

22 

126.0 

2.3859 

50 

261.3 

4.9492 

45 

488.7 

8.3087 

28 

43.01 

.8146 

24 

129.1 

2.4441 

52 

264.3 

5.0075 

60 

446.5 

8.4554 

29 

44.54 

.8436 

26 

132.1 

2.5023 

54 

267.4 

6.0658 

65 

454.2 

8.6021 

SO 

46.08 

.8727 

28 

135.2 

2.5604 

56 

270.6 

5.1241 

5 

461.9 

8.7489 

SI 

47.62 

.9018 

30 

138.3 

2.6186 

58 

273.6 

6.1824 

5 

469.6 

8.8951 

S2 

49.16 

.9309 

82 

141.3 

2.6768 

3 

276.7 

6.2407 

10 

477.4 

9.0413 

S3 

50.69 

•9600 

84 

144.4 

2.7350 

2 

279.7 

5.2990 

15 

486.1 

9.1876 

84 

62.23 

.9891 

36 

147.4 

2.7932 

4 

282.8 

6.3573 

20 

492.9 

9.3347 

35 

53  76 

1.0182 

38 

150.6 

2.8514 

6 

285.9 

6.4158 

25 

500.6 

9.4819 

'               36 

55.30 

1.0472 

40 

153.6 

2.9097 

8 

289.0 

6.4742 

80 

508.4 

9.6292 

87 

56  83 

1.0763 

42 

156.6 

2.9679 

10 

292.1 

5.5326 

85 

516.1 

9.7755 

38 

58.37. 

1.1054 

44 

159.7 

8.0262 

12 

295.1 

6.5909 

40 

523.9 

9.9218 

39 

59.90 

1.1345 

46 

162.8 

8.0844 

14 

298.2 

5.6403 

45 

531.6 

10.068 

40 

61.44 

1.1638 

48 

165.9 

8.1427 

16 

801.8 

5.7077 

50 

539.4 

10.215 

41 

62.97 

1.1927 

50 

169.0 

3.2010 

18 

304.4 

5.7660 

55 

547.2 

10.363 

42 

61.51 

1.2218 

52 

172.0 

3.2592 

20 

307.5 

5.8244 

6 

655. 

10.610 

43 

66.04 

1.2509 

54 

175.1 

3.3175 

22 

310.6 

5.8827 

44 

67.57 

1.2800 

H 

178.2 

SJJ758 

24 

813.6 

5.9410 

• 

On  a  turnpike  road  1°  38',  or  about  1  in  3d,  or  151  feet  per  mile,  is  the 
greatest  slope  that  will  allow  horses  to-  trot  down  rapidly  with  safety.  In  crossing 
mountains,  this  is  often  increased  to  3°,  or  even  to  5°.  It  should  never  exceed  2)4°, 
except  when  absolutely  necessary. 


BAILEOAD   CONSTRUCTION. 

I    FEET    PER    1O0    FT.    HORIKOHTAL. 


The  fmctioiu  of  inlnut.a  lire  gi.cn  oulj  to  34  feet  in  1  DO. 
will  glTe  at  light  Ihe  liupeiiD  feel  per  lOOfeeU     No  amtn. 
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Table  of  jrrades  per  mile; 
■ontalljr. 


or  per  100  feet  measured  horl- 


Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

per  mile. 

per  100  ft. 

per  mile. 

per  100  ft. 

per  mile. 

per  100  ft. 

per  mile 

per  100  ft. 

1 

.01894 

39 

.73S64 

77 

1.45833 

115 

2.17803 

2 

.03788 

40 

.75758 

78 

1.47727 

116 

2.19697 

3 

.05682 

41 

.77652 

79 

1.49621 

117 

2.21691 

4 

.07576 

42 

.79545 

80 

1.51515 

118 

2.23485 

5 

.09470 

43 

.81439 

81 

1.53409 

119 

2.25379 

6 

-1136* 

41 

.83333 

82 

1.55303 

120 

2.27273 

7 

.13258 

45 

.85227 

83 

1.57197 

121 

2.29167 

8 

.15152 

46 

.87121 

84 

1.59091 

122 

2.31061 

9 

.17045 

47 

.89015 

85 

1.60985 

123 

232956 

10 

.18939 

48 

.90909 

86 

1.62879 

124 

2.34848 

11        i 

.20833 

49 

.92803 

87 

1.64773 

125 

2.36742 

12 

.22727 

50 

.94697 

88 

1.66666 

126 

2.38636 

13 

.24621 

61 

.96591 

89 

1.68561 

127 

2.40530 

14 

.26515 

52 

.98485 

90 

1.70455 

128 

2.42424 

15 

.28409 

63 

1.00379 

91. 

1.72348 

129 

2.44318 

16 

.30303 

54 

1.02273 

92 

1.74242 

130 

2.46212 

17 

.32197 

65 

1.04167 

93 

1.76136 

131 

2.48106 

18 

.34091 

66 

1.06061 

94 

1.78030 

132 

2.50000 

19 

.35985 

57 

1.07955 

95 

1.79924 

133 

2.51894 

20 

.37879 

68 

1.09848 

96 

1.81818 

134 

2.53788 

21 

.39773 

59 

1.11742 

97 

1.83712 

135 

2.55682 

22 

.41667 

60 

1.13636 

98 

1.85606 

136 

2.57576 

23 

.43561 

61 

1.15530 

99 

1.87500 

137 

2.59470 

24 

.45455 

62 

1.17424 

100 

1.89394 

138 

2.61364 

25 

.47348 

63 

119318 

101 

1.91288 

139 

2.63258 

26 

.49242 

64 

1.21212 

103 

1.93182 

140 

2.65152 

27 

.51136 

65 

1.23106 

103 

1.95076 

141 

2.67045 

28 

.53030 

66 

1.25000 

101 

1.96970 

142 

2.68939 

29 

.54921 

67 

1.26894 

105 

1.98864 

143 

2.70833 

30 

.56318 

68 

1.28788 

106 

2.00758 

144 

272727 

31 

.58712 

69 

1.30683 

107 

2.02652 

145 

2.74621 

32 

.60606 

70 

1.32576 

10? 

2.04545 

146 

2.76515 

33 

.62500 

71 

1.34470 

109 

2.06439 

147 

2.78409 

34 

.64394 

72 

1.36364 

110 

2.08333 

148 

2.80303 

35 

.66288 

73 

1.38258 

111 

2.10227 

149 

2.82197 

36 

.68182 

71 

1.40152 

112 

2.12121 

150 

2.84091 

37 

.70076 

75 

1.42045 

113 

2.14015 

151 

2.85985 

38 

.71970 

76 

1.43939 

114 

2.15909 

152 

2.87879 

If  the  grade  per  mile  should  consist  of  feet  and  tmifa,  add  to  the  grade  per  100 
feet  in  the  foregoing  table,  that  corresponding  to  the  number  of  tenths  taken  from 
the  table  below;  thus,  for  a  grade  of  43.7  feet  per  mile,  we  have  .81439  4-  .01326  =- 
.32765  feet  per  100  feet. 


Ft.  per  Mile. 

Per  100  Feet. 

Ft.  per  Mile. 

Per  100  Feet 

Ft.  per  Mile. 

Per  109  Feet. 

.05 

.00094 

.4 

.00758 

.7 

.01326 

.1 

.00189 

.45 

.00852 

.75 

.01420 

.16 

.00283 

.5 

.00947 

.8 

.01516 

.2 

.00379 

.55 

.01041 

.86 

.01609 

.25 

.00473 

.6 

.01136 

.9 

.01705 

.8 

.00568 

.65 

.01230 

.95 

.01799 

.35 

.00662 

52 
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RAILROAD  CITRVSS, 

Definitions. 

A  circular  railroad  carve  abed,  Fig.  1,  is  an  arc  of  a  circle  joining  two  straight 
lines,  or  tangents,  e  t  and  i  *,  in  the  survey. 

The  point  of  carve  is  the  beginning  a  of  the  curve,  or  that  end  of  it 
first  reached  by  the  survey  in  its  progress. 

The  point  of  tangent  is  the  other  end  d  of  the  curve. 

The  point  of  intersection  or  apex  is  the  point  i  where  the  two  tan- 
gents e  t  and  iz  intersect. 

P.  C,  P.  T.  and  P.  I.  The  stakes  driven  at  the  point  of  enrve,  point  of 
tangent  and  point  of  intersection  are  marked  P.  C,  P.  T.  and  P.  I.  respectively, 
and  the  points  and  stakes  are  commonly  referred  to  by  those  letters.  The  point 
of  intersection,  however,  is  not  always  located. 

The  apex  distance  *  is  the  distance  a  i  or  di  measured  along  a  tangent, 
from  either  end  a  or  d  of  the  curve,  to  the  apex  i  or  intersection  of  the  two 
tangents. 

t 


A  curve  may  be  located  by  setting  up  the  transit  at  the  point  (as  a)  where  the 
curve  is  to  join  either  tangent,  laying  off  equal  ancles  iaby  baey  cad,  and  meas- 
uring off  the  equal  chords  (usually  100  feet)  ab,bc,  cd.f  Inasmuch  as  these 
equal  chords  are  usually  laid  off  with  the  full  length  of  a  chain  or  steel  tape,  we 
shall  call  them  chains,  to  distinguish  them  from  other  chords,  such  as  a  cor 
ad,  etc.,  whieh  may  be  drawn  to  the  curve. 

r  The  total  angle  of  the  curve  is  the  angle  tit  between  the  two  tangents. 
It  is  equal  to  the  central  angle  aod  subtended  by  the  curve. 

The  degree  of  eurvatnre  is  the  angle  aob,boc,  eta  subtended  at  the 
center  by  a  chain.    It  is  equal  to  the  deflection  angle  Jrofte  formed  be- 

*The  apex  distance  is  often,  but  unfortunately,  called  the  "  tangent,"  and 
sometimes  the  "tangent  distance." 
t  But  see  Sub-chains,  p  7256. 
I  Many  writers  call  iab,bac,  etc.  the  deflection  angle. 
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Iween  any  chain  6  c  and  the  extension  bm  of  an  adjoining  chain  a  b,  or  to  the 
angle  tsn  formed  between  the  tangents  at  and  6  n  which  touch  the  curve  at  the 
two  ends  a  and  b  of  a  chain.  It  is  therefore  the  angle  through  which  the  direc- 
tion of  the  line  deflect*  in  that  portion  of  the  curve  subtended  by  one  chain. 
The  sharper  the  curve,  the  greater  the  deflection  angle  and  the  shorter  the 
radios  oa,  ob,  etc. 

A  one-degree,  two-degree,  three-degree,  etc  curve  is  one  whose  deflection 
angle  or  degree  of  curvature  is  1°,  2°,  3°,  etc. 

The  tangential  angle  is  the  angle  iab,bacf  etc*  used  in  laying  off  the 
curve.    It  is  equal  to  one-half  the  deflection  angle. 

Tbe  deflection  distance.  Let  any  chain,  as  at,  Fig.  2,  be  extended  to 
m,  and  bm  made  =  ab.  Then  the  distance  m  c  from  m  to  the  end  e  of  the  next 
chain  b  c  is  called  the  deflection  distance  of  the  curve. 

The  tangential  distance.  Let  any  chain,  as  b  c,  be  extended  to  v,  and 
let  eo  be  made  =  6  c.  Also  let  c«  =  ct>  be  laid  off  upon  a  tangent  to  the  curve  at 
c.    Then  vz  is  called  the  tangential  distance  of  the  curve. 

By  means  of  the  deflection  and  tangential  distances  given  in  the  tables,  pp. 
726-728,  a  curve  may  be  located  without  a  transit  by  means  of  a  chain  (or  100 
feet  tape)  for  measuring  bm,cvt  etc.,  and  a  rod  or  tape,  etc  for  measuring  m  c, 
vZj  etc. 

An  ordinate  k  any  line  drawn  from  a  chord  to  the  curve,  at  right  angles 
to  the  chord,  whether  the  chord  be  a  "  chain  "  or  not. 

Tbe  middle  ordinate  is  the  ordinate  e»,  Fig.  2,  at  the  middle  point  6 
of  a  chord  b  c. 


Sab-chains,  etc.  For  facility  of  explanation  we  have  hitherto  treated  of 
curves  as  being  composed  entirely  of  full  chains ;  but  such  curves  seldom  occur 
in  practice.  Usually,  after  dividing  a  curve  into  as  many  full  chains  as  possi- 
ble, there  is  a  fraction  of  a  chain,  or  «u6-cbain,  left  over.  Besides,  the  chances 
are  that  a  curve  will  not  begin  or  end  at  a  full  100-feet  station  of  the  survey, 
bat  at  a  point  between  two  such  stations,  as  in  Fig.  3 ;  and,  inasmuch  as  it  is 
desirable  to  carry,  throughout  the  curve,  the  same  numbering  of  the  stations  as 
we  have  on  the  tangents,  the  P.  C.  and  the  P.  T.  are  in  these  cases  treated  as 
fractional  stations. 

Thus,  in  Fig.  3.  the  P.  C,  at  a,  is  supposed  to  be  41  feet  beyond  station  122. 
We  therefore  call  the  P.  C,  in  this  case,  Btation  122+41,  and  station  123  thus 
falls'  in  its  proper  place,  at  b,  100  feet  in  advance  of  station  122,  as  measured,  first 
along  the  tangent  xa  41  feet  to  the  P.  C,  and  then  along  the  sub-chain  a  b  of  59 
feet. 

Similarly,  the  P.  T.,  in  Fig.  3,  happens  at  a  point,  d\  on  the  tangent  dy,  20.8 
feet  back  from  station  125,  or  79.2  feet  (the  length  of  the  sub-chain  cd)  beyond 
station  124  or  c.    The  P.  C  therefore  becomes  station  124  +  79.2. 

,     ,  .  _  — ... » ,. .  _ — . — 

*  See  foot-note  J,  p.  725  a. 
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Owiog  to  the  occurrence  of  the  sign  +  (pita)  in  the  number  of  the  P.  Cor 
P.  T.  of  a  curve  beginning  ox  ending  with  a  sub-chain,  such  a  station  is  com- 
mon lj  called  a  "  plus.'' 


Fiff.3 


The  sub-tangential  angle,  Fig.  3,  is  the  angle  bat(=adb)  or  dck 
(—  dac)  subtended  by  a  sub-chain  ;  the  vertex,  a,  d  or  c,  of  the  angle  lying  in 
the  curve  itself.  We  shall  give  the  names  Initial  and  final  sub-tangential 
angles  to  the  angles  bar  anddch  subtended  by  the  initial  and  final  sub-chains 
a  b  and  c  d  respectively.  If  a  t  be  made  =  a  b,  and  c  h  =  e  d,  the  chords  tb  and 
h  d  are  called  the  Initial  and  final  sub-tangential  distances  respec- 
tively. 

Sub-deflection  angles.  Fig.  3.  The  initial  sub-deflection  angle  is 
the  angle  sbc  formed  between  the  first  full  chain  b  e  and  the  extension  b$  of  the 
initial  sub-chain  a  b.  The  final  sub-deflection  angle  is  the  angle  kcd  between 
the  final  sub-chain  cd  and  the  extension  ck  of  the  preceding  full  chain  6c  If 
bit  be  made  —  be.  and  ck  =  cd,  the  chords  *  c  and  *  d  are  called  the  Initial  and 
final  sub-deflection  distances  respectively. 

A  long  chord  is  a  chord,  a  cor  ad,  Figs.  1  and  3,  subtending  two  or  more 
chains  or  sub-chains. 

A  simple  curve.  Figs.  1  to  3,  is  one  in  which  the  radius  remains  of  con- 
stant length  throughout  and  in  which  the  curvature  is  all  in  one  direction. 
Such  a  curve  is  therefore  an  arc  of  but  one  circle. 


Fig.  4 


.  A  compound  curve,  as  a  6  ed,  Fig. 4, is  one  in  which  the  curvature  is  all 
in  one  direction,  but  which  consists  of  circular  arcs  described  with  two  or  mort 
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different  radii,  as  ©ft,  </6,  o"<»,  etc    The  portions,  as  ab,befed,  described  witfc 
•fclie  different  radii,  are  called  the  branches  of  the  curve. 


Fig.  5 


A  reverse  carve,  a  be,  Fig.  5,  consists  of  two  curves  immediately  adjoin- 
ing one  another  {L  e.,  without  any  straight  track  between  them)  and  curving  in 
apposite  directions.  The  radii  ob,o'bt  of  the  two  portions,  or  branches,  of  a 
reverse  curve  may  be  of  equal  or  of  unequal  length,  and  the  total  angles,  aob, 
b  o'c,  of  the  two  branches,  may  be  equal  or  unequal. 
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Tabl*  of  B6t4it,  HMdle  Ordinate*,  «fet,  of  Carres.  Chord  100  feet. 
Contains  no  error  as  great  m  1  in  the  last  flgaro. 


Aug.  of 
Deft. 

Bad. 
in  ft. 

Deft, 
Dlst. 

in  ft. 

Tang. 
Dist. 
in  ft. 

Mid. 
Ord. 

Ang.of 
Deft. 

Bad. 

in  ft. 

Deft 
Dist. 
in  ft. 

Tang. 
Dist. 

in  ft. 

Hid. 
Ord. 

o      ' 
1 

843775 

.029 

.014 

.004 

0  ' 

1  86 

8581 

2.796 

1.896 

M9 

i 

171887 

.058 

.039 

.007 

88 

8508 

2.851 

1.436 

.356 

t 

114592 

.087 

.043 

.011 

40 

84H8 

2.909 

1.454 

.364 

4 

85944 

.116 

.058 

.014 

42 

8370 

2.967 

1.483 

.371 

6 

68755 

.145 

.072 

.018 

44 

3306 

8.025 

1.512 

.378 

6 

57296 

.175 

.087 

.022 

46 

8243 

8.084 

1.542 

.386 

7 

49111 

.204 

.102 

.025 

48 

8183 

3.142 

1.571 

•393 

8 

44972 

.183 

.116 

.029 

60 

8125 

8.300 

1.600 

.400 

9 

88197 

.989 

.131 

.088 

62 

8070 

S.257 

l.«2V 

.407 

10 

84877 

.291 

.146 

.936 

54 

8016 

8.316 

1.658 

.414 

11 

31353 

IS 

.160 

.040 

56 

2984 

3.374 

1.687 

.423 

18 

88648 

.174 

.048 

58 

3913 

3.483 

1.716 

.429) 

IS 

98444 

.378 

.189 

.047 

9 

9885 

8.490 

1.745 

.496 

14 

84555 

.407 

.208 

.061 

1 

3818 

8.549 

1.774 

.448 

16 

89918 

.486 

.818 

.064 

4 

1778 

8.606 

1.803 

.461 

16 

11486 

.466 

.181 

.068 

6 

2729 

8.664 

1.838 

.466 

17 

80821 

.494 

.847 

.062 

8 

8686 

8.738 

1.861 

.466 

18 

19098 

.624 

.363 

.065 

10 

9646 

8.781 

1.890 

.473 

19 

18094 

.558 

.876 

.089 

11 

1605 

8.899 

1.919 

.480 

SO 

17189 

.588 

.391 

.078 

•     14 

3586 

8.897 

1.948 

.487 

11 

16370 

.611 

.805 

.076 

16 

1538 

8.956 

1.978 

.495 

11 

15626 

.640 

.830 

.080 

18 

9491 

4-014 

2.007 

.602 

2S 

14947  ' 

.699 

.884 

.088 

30 

8456 

4.072 

8.086 

.608 

14 

14884 

.698 

.849 

.087 

13 

2431 

4.131 

2.085 

.616 

15 

1S751 

.787 

•968 

.091 

24 

1387 

4.189 

1.094 

JOS 

M 

18888 

.758 

.378 

.095 

86 

3855 

4.246 

2.128 

.631 

17 

-12788 

.785 

.898 

.098 

28 

3883 

4.305 

2.152 

.538 

SB 

18878 

.814 

.407 

.102 

SO 

8392 

4.363 

2.183 

.646 

29 

11854 

.844 

.432 

.105 

82 

9963 

4.431 

3.210 

.662 

M 

11459 

.878 

.436 

.109 

84 

8933 

4.480 

2.240 

.560 

81 

11090 

.908 

.451 

.113 

86 

3204 

4.587 

*.26B 

.687 

81 

10743 

.981 

.465 

.116 

88 

2176 

4.596 

1.298 

474 

88 

10417 

.960 

.480 

.110 

40 

8149 

4.654 

2.327 

.681 

84 

10111 

.989 

.494 

.128 

42 

8188 

4.713 

2.356 

.580 

86 

982*2 

1.018 

.509 

.127. 

44 

3096 

4.771 

2.385 

.696 

86 

9549 

1.047 

.623 

.131 

46 

8071 

4.829 

2.414 

.60S 

87 

9291 

1.076 

.538 

.184 

48 

2046 

4.888 

2.444 

.611 

88 

9047 

1.105 

.553 

.138 

50 

8022 

4.946 

2.473 

.618 

89 

8815 

1.184 

.567 

.142 

62 

1999 

6.003 

2.501 

.696 

40 

8594 

1.164 

.582 

.145 

54 

1976 

5.061 

2.530 

.688 

41 

8885 

1.198 

.698 

.149 

56 

1953 

5.120 

2.560 

.640 

48 

8185 

1.181 

.611 

.153 

68 

1988 

5.176 

2.588 

Ml 

48 

7985 

1.861 

.686 

.156 

8 

1910 

6.286 

2.618 

.664 

44 

7818 

1.880 

.640 

.160 

3 

1889 

5.294 

2.647 

.698 

45 

7689 

1.809 

.654 

.164 

4 

1869 

5.360 

3.675 

.699 

46 

7478 

1.388 

.669 

.167 

6 

1848 

5.411 

8.705 

.676 

47 

7814 

1.867 

.688 

.171 

8 

1889 

6.467 

3.734 

tW 

48 

7162 

1.896 

.698 

.174 

19 

1810 

5.586 

3.763 

.691 

40 

7016 

1.415 

.7f3 

.178 

13 

1791 

6.588 

8.791 

••JsB*b) 

50 

6876 

1.454 

.737 

.182 

14 

1779 

5.648 

3.881 

.705 

61 

6741 

1.488 

.741 

.185 

16 

1754 

5.707 

3.850 

.718 

51 

6611 

1.618 

.767 

.189 

18 

1786 

5.760 

1.880 

.799 

58 

6486 

1.543 

.771 

.198 

so 

1719 

5.817 

1.908 

.787 

64 

6866 

1.571 

.786 

.197 

11 

1703 

5.875 

8.987 

.784 

55 

6851 

1.600 

.800 

.200 

34 

1686 

5.986 

1.967 

.741 

56 

6189 

1.689 

.816 

.204 

26 

1669 

6.998 

1.996 

.748 

57 

6081 

1.658 

.839 

.207 

38 

1668 

6.050 

3.036 

.766 

58 

5987 

1.687 

•IHrv 

.211 

80 

1687 

6.108 

8.064 

.764 

58 

5827 

1.716 

.858 

.214 

83 

1688 

6.166 

3.088 

.771 

1 

5780 

1.745 

.872 

.218 

84 

1607 

6.288 

8.111 

.778 

1 

5545 

1.808 

.903 

.885 

86 

1592 

6.881 

8.140 

.786 

4 

5872 

1.868 

.961 

.283 

88 

1577 

6.841 

8.170 

.788 

6 

6209 

1.920 

.960 

.240 

40 

1663 

6.898 

8.199 

.808 

8 

5056 

1.978 

.989 

.247 

43 

1649 

6.468 

3.228 

.887 

10 

4911 

1.086 

1.018 

.356 

44 

1585 

6.616 

8.367 

.814 

11 

4775 

8.094 

1.047 

.362 

48 

1531 

6.576 

3.387 

•899 

14 

4646 

2.158 

1.076 

.369 

48 

1508 

6.681 

8.816 

.889 

16 

4528 

3.211 

1.106 

.376 

50 

1495 

6.689 

8.346 

•QOBfe 

18 

4407 

2>20V 

1.134 

.284 

52 

1482 

6.748 

8.874 

.868 

to 

4297 

3.887 

1.163 

.291 

64 

1469 

6.807 

8.408 

Ml 

11 

4192 

3.885 

1.193 

.898 

66 

1467 

6.868 

8.481 

.898 

14 

4093 

8.448 

1.221 

.805 

6H 

1446 

6.930 

8.460 

•QsJbvt 

16 

8997 

8.502 

1.251 

.813 

4 

1488 

6.980 

8.490 

MM 

18 

8907 

3.560 

1.280 

.380 

6 

1408 

7.136 

8*669 

80 

8880 

3.618 

1.309 

.837 

10 

1876 

7.871 

8.695 

*866 

81 

8787 

3.676 

1.838 

.884 

16 

1848 

7.416 

•.TUB 

•S6T 

84 

8667 

3.784 

1.867 

.842 

so 

1898 

7.611 

3.781 

jm 
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tangent  of  half  the  tangential  angle. 

Kur  uirii-i  of  BO  metnn,  or  greater,  fadlm,  th»  WWMW  M  B  —  «tl  I  ■  fti 
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Table  of  Long  Chords. 

Lengths  of  Chord  in  ft,  required  to  subtend  from  1  to  4  stations  of  100  ft  each. 


2  8ta, 


200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
200.0 
199.9 
199.9 
199.9 
199.9 
199.9 
199.8 
199.8 


SSta. 

4  8ta. 

Ang. 

of 

Defl. 

ISta. 

2  8ta. 

■ 

8  8ta. 

800.0 

400.0 

% 

100 

199.7 

298.9 

800.0 

399.9 

6° 

100 

199.7 

298.8 

300.0 

399.9 

\A 

100 

199.7 

298.7 

800.0 

399.8 

ZX 

100 

199.7 

298.6 

299.9 

399.7 

74 

100 

199.6 

298.5 

299.9 

399.6 

7° 

100 

199.6 

298.4 

299.8 

399.5 

g 

100 

199.6 

298.3 

299.8 

399.4 

100 

199.6 

298.2 

299.7 

899.3 

74 

100 

199.6 

298.1 

299.7 

399.2 

8° 

100 

199.6 

298.0 

299.6 

399.1 

& 

100 

199.5 

297.9 

299.6 

399.0 

100 

199.5 

297.8 

299.6 

398.9 

100 

199.4 

297.7 

299.5 

398.7 

9° 

100 

199.4 

297  6 

299.4 

398.5 

ft 

100 

199.4 

297.4 

299.3 

398.3 

100 

199.3 

297.3 

299.2 

398.0 

100 

199.2 

297.2 

299.1 

397.8 

10° 

100 

199.2 

297.0 

299.0 

397.6 

4Sta. 


397.5 
397.3 
897.0 
396.7 
396.5 
396.2 
396.0 
395.7 
395.4 
395.1 
394.8 
394.5 
394.3 
394.1 
393.7 
393.2 
892.8 
392.4 


Elevation  of  outer  rail  in  curves  theoretically  is  equal  in  ins  to  (square 
of  vel  in  ft  per  sec  X  gauge  in  ins)  -s-  (Had  of  curve  in  ft  X  32.2).  Experience 
has  shown  that  half  an  inch  for  each  degree  of  def  angle  (100  ft  chords)  does  very 
well  for  4  ft  8.5  ins  gauge  up  to  40  miles  per  hour.  At  60  miles  use  1  inch  per  deg. 
In  dangerous  places  this  may  be  increased  for  safety  against  high  winds.  Ap- 
proaching the  curve  raise  the  outer  rail  at  the  rate  of  1  inch  in  about  60  or  80  ft. 

When  the  ends  of  a  curve  are  tapered  off  by  transition  curves,  the  rise  is  made 
upon  the  latter. 

Relation  of  radius  to  length  of  wheel-base.  (See  also  p.  731). 
Mr.  A.  M.  Wellington  *  found  by  experiments  with  models  that  a  rigid  truck 
passing  around  a  curve,  whether  alone  or 
coupled  with  another  truck,  assumes 
the  position  shown  in  this  Fig.,f  i.e.,  the 
flange  of  the  outer  front  wheel  presses 
against  the  outer  rail,  and  the  rear  axle 
coincides  with  a  radius  to  the  curve. 
Then,  for  the  angle  A,  between  that 
radius  and  the  radius  K  which  passes 
through  the  center  of  the  front  axle : 

wheel-base  B 

sine  of  A  = t; — ~ —  ; 

radius  B 

and  the  space  d  between  the  flange  of  the  outer  hind  wheel  and  the  outer  rail  is, 

d  =  radius  R  X  versed  sine  of  angle  A,  very  nearly. 

For  a  given  wheel-base  B,  we  have,  approximately, 

d  =  (d  for  a  1°  curve)  X  degree  of  curvature ; 

and  the  inner  hind  wheel  will  touch  the  inner  rail  when  d  becomes  equal  to  the 

total  room  for  play  left  between  the  wheei-flanges  and  the  rails,  <*.  e.,  when 

total  play 

degree  of  curvature  =  -« ^4— 

°  a  for  a  1°  curve 

This  commonly  occurs  on  European  railways,  where  the  oars  have  rigid  wheel- 
bases  much  longer  than  our  pivoted  trucks,  and  where  d  for  a  given  radius*  is 
therefore  much  greater  than  with  us.  Hence  the  inner  rails  on  curves  are  more 
generally  worn  there  than  here. 

For  a  wheel-base  5  it.  long,  "  d  for  a  1°  curve  "  Is  0.0022  ft.  It  varies  (nearly)  as 
the  square  of  the  length  of  the  wheel-base,    d  is  independent  of  the  gauge. 

*  The  Economic  Theory  of  Railway  Location,  New  York,  John  Wiley  <fe  Sons,  1887. 

f  In  our  figure,  necessarily  much  exaggerated,  we  omit,  for  simplicity,  the  treads 
of  the  wheels,  all  of  which  are  supposed  to  rest  on  the  rails,  and  show  only  so  much 
of  their  flanges  as  extends  below  the  top  of  the  rail.    See  L  in  the  Fig.  on  p.  731. 
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Table  of  Ordinates  5  ft  apart.— (Continued.) 


t 

Distances  of  the  Ordinates  from  the  end  of  the  100  feet 

Chord. 

Ang.  or 
Deli. 

Mid. 
50  ft. 

45  ft. 

40  ft. 

85  ft. 

30  ft. 

25  ft. 

20  ft. 

15  ft. 

10  ft. 

5  ft. 

o    • 
540 

1.236 

1.224 

1.188 

1.124 

1.089 

.927 

.792 

.631 

.445 

.235 

50 

1.273 

1.260 

1.228 

1.157 

1.070 

.954 

.816 

.649 

.458 

.241 

e 

1.309 

1.298 

1.258 

1.191 

1.100 

.982 

.839 

«qo8 

.472 

.248 

10 

1.345 

1.382 

1.293 

1.224 

1.130 

1.009 

.862 

.666 

.485 

.255 

20 

1.382 

l*3oo 

1.328 

1.256 

1.161 

1.036 

.886 

.705 

.498 

.262 

30 

1.419 

1.404 

1.362 

1.290 

1.192 

1.064 

.909 

.724 

.511 

.269 

40 

1.455 

1-440 

1.397 

1.323 

1.222 

1.091 

.932 

.742 

.524 

.276 

50 

1.491 

1.476 

1.432 

1.355 

1.253 

1.118 

.956 

.761 

.537 

.283 

1 

1.528 

1.512 

1.467 

1.389 

1.284 

1.146 

.979 

•  .779 

.551 

.290 

10 

1.564 

1.548 

1.502 

1.422 

1.314 

1.173 

1.002 

.798 

.564 

.297 

20 

1.600 

1.584 

1.537 

1.454 

1.345 

1.200 

1.026 

.816 

.576 

.804 

30 

1.637 

1.620 

1.572 

1.488 

1.375 

1.228 

1.048 

.835 

.590 

.311 

40 

1.073 

1.656 

1.607 

1.521 

1.405 

1.255 

1.071 

.854 

.608 

.818 

50 

1.710 

1.692 

1.641 

1.553 

1.436 

1.282 

1.095 

.872 

.616 

.324 

-8 

1.746 

1.728 

1.677 

1.587 

1.467 

1.810 

1.118 

.891 

.629 

.332 

30 

1.855 

1.836 

1.782 

1.687 

1.559 

1.392 

1.188 

.946 

.669 

.353 

=9 

1.965 

1.944 

1.886 

1.787 

1.651 

1.474 

1.258 

1.002 

.708 

.873 

30 

2,074 

2.052 

1.991 

1.887 

1.742 

1.556 

1.328 

1.057 

.748 

.894 

10 

2.183 

2.161 

2.096 

1.987 

1.834 

1.637 

1.398 

1.114 

.187 

.415 

30 

2.292 

2.269 

2.201 

2.087 

1.926 

1.719 

1.468 

1.170 

.827 

.436 

21 

2.401 

2.377 

2.806 

2.186 

2.018 

1.802 

1.538 

1.226 

.866 

.457 

30 

2.511 

2.486 

2.411 

2.286 

2.110. 

1.884 

1.609 

1.282 

.906 

.478 

12 

2.620 

2.594 

2.516 

2.386 

2.203 

1.967 

1.680 

1.339 

.946 

.499 

30 

2.730 

2.703 

2.621 

2.485 

2.295 

2.049 

1.750 

1.395 

.985 

.520 

13 

2.839 

2.811 

2.726 

2.585 

2.387 

2.132 

1.820 

1.451 

1.025 

.541 

80 

2.949 

2.920 

2.832 

2.685 

2.479 

2.214 

1.891 

1.507 

1.065 

.562 

14 

3.058 

3.028 

2.937 

2.785 

2.57J 
2.661 

2.297 

1.961 

1.564 

1.105 

.588 

30 

3.168 

3.136 

3.042 

2.884 

2.379 

2.031 

1.620 

1.144 

.604 

15 

8.277 

3.245 

3.147 

2.984 

2.756 

2.462 

2.102 

1.676 

1.184 

.625 

30 

3.887 

3.354 

8.252 

3.084 

2.848 

2.544 

2.172 

1.732 

1.224 

.646 

16 

S.496 

3.462 

3.358 

3.184 

2.941 

2.627 

2.243 

1.789 

1.264 

.667 

17 

8.716 

8.680 

3.569 

3.384 

3.125 

2.792 

2.384 

1.902 

1.344 

.709 

18 

8.935 

3.897 

8.779 

8.584 

8.310 

2.958 

2.525 

2.014 

1.424 

.751 

19 

4.155 

4.115 

3.990 

3.784 

3.495 

3.123 

2.666 

2.127 

1.504 

.793 

•20 

4.375 

4.332 

4.201 

3.984 

3.680 

3.288 

2.808 

2.240 

1.583 

.836 

"22 

4.815 

4.768 

4.624 

4.386 

4.050 

3.620 

3.093 

2.467 

1.744 

.922 

24 

5.255 

5.204 

5.048 

4.789 

4.423 

3.952 

3.379 

2.695 

1.905 

1.008 

"26 

5.697 

5.642 

5.473 

5.192 

4.798 

4.286 

8.665 

2.924 

2.068 

1.094 

128 

6.139 

6.079 

5.898 

5.595 

5.171 

4.622 

3.952 

3.154 

2.232 

1.181 

30 

6.582 

6.517 

6.328 

5.999 

5.544 

4.958 

4.239 

3.385 

2.396 

1.268 

32 

7027 

6.957 

6.751 

6.406 

5.922 

5.297 

4.530 

3.619 

2.565 

1.356 

34 

7.472 

7.398 

7.179 

6.813 

6.300 

5.637 

4.822 

3.854 

2.733 

1.445 

36 

7.918 

7.841 

7.609 

7.222 

6.679 

5.978 

5.115 

4.090 

2.901 

1.535 

38 

8.367 

8.286 

8.041 

7.633 

7.060 

6.320 

5.410 

4.327 

3.069 

1.626 

40 

8.816 

8.731 

8.474 

8.044 

7.442 

6.663 

6.705 

4.565 

3.238 

1.718 

.See  rules  for  ordinates,  p.  141  (a) ;  table  of  middle  ords.  for  bending  rails,  p.  761. 

Gauge  on  enrres.  (See  also  p.  729.)  Let  R  =  radius  of  wheel  from  center 
to  tread,  F  —  depth  of  flange  of  wheel,  and  L  =  the 
length  of  that  portion  of  the  wheel-flange  which  ex- 
tends below  the  top  of  the  rail,  =  2  >/(R  +  Fp  —  Ra, 
all  in  inches.  Then  if,  on  the  curve,  we  widen  the 
.gauge  by  a  quantity,  in  inches,  = 

.  h,feet  +  length  of  rigid  wheel-base,  ft. 

**  ' %n$'  X  gauge,  ft.  +  2  X  rad.  of  the  curve,  ft.    ' 

the  wheels  will  have  approximately  the  same  play 
•on  the  curve  as  on  the  tangent.  For  a  rigid  wheel- 
•base  14  ft.  long  and  drivers  4  ft.  diam.,  with  1%  inch 
flanges,  Q  is  about  0.02  inch  (=  one-fiftieth  of  an  in.)  for  each  degree  of  curvature. 
Many  roads  use  the  same  gauge  on  curves  as  on  tangents.  Others  widen  the 
gauge  on  curves  by  from  one  thirty -second  to  one-eighth  inch  for  each  degree  or' 
curvature,  seldom,  however,  exceeding  1  inch  as  a  maximum.  In  Philadelphia 
the  Pennsylvania  Railroad  has  freight-car  sidings  of  60  feet  radius ;  track  gauge 
(same  on  curves  as  on  tangents),  4  ft.  9  ins. ;  standard  wheel-gauge,  4  ft.  8)4  ins. 

*  Except  for  very  sharp  curves  and  for  very  short  wheel-bases  with  large  wheels 
-and  deep  flanges,  it  is  amply  approximate  to  say 

« ,    .    ,  ,  ,    .     v.     .,     wheel-base  in  feet 

Q  in  inches  =  L  in  inches  X  „— — ^ — 7 j—sr- 

2  X  rad.  of  curve  in  ft. 
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To  prepare  a  Table,  T,  of  Level  Cutting*,  for  every  A  of  ■% 
foot  of  height,  or  depth.    For  Tables  of  Level  Cuttings,  see  pp  733  to  740. 

For  cost  of  Earthwork,  p  742,  Ac. 

Let  th«  fig  represent  the  cutting ;  or.  If  Inverted. 
the  filling;  in  which  the  horizontal  lines  are  sup- 
posed to  be  Jkr  foot  apart.    First  calculate  the 

area  in  square  feet,  of  the  layer  a  ft  eo,  adjoining: 
the  roadway  a  ft.     Then  find  how  many  cable, 
yards  that  area  give*  in  a  distance  of  100  feet. 
J)  d  Cl  These  cubic  yards  we  will  call  Y ;  they  form  the 

first  amount  to  be  pnt  into  the  Table  T. 
Xext  calculate  the  area  In  square  feet  of  the  triangle  a  no.    Multiply  this  area  by  4.    Find  how- 
many  cubic  yards  this  increased  area  gives  in  a  distance  of  100  feet.    Or  they  will  be  found  ready- 
calculated  below.  We  will  call  them  y.    This  is  all  the  preparation  that  is  needed  before- 
commencing  the  table. 

sSsam«-Let  the  roadbed  a  ft  be  18  feet,  and  the  side-slopes  ljtf  to  1.  Then  for  the  area,  of  a  ft  e  o  r 
since  the  side-slopes  are  IK  to  1 ;  and  *  t  Is  .1  foot;  c  o  must  be  18.8  feet;  and  the  mean  length  of 
abeo  must  be  18.16  feet.    Consequently,  the  area  is  18.15  X  .1=  1.815  square  feet;  which,  in  a. 

181  5 
distance  of  100  feet,  gives  181.5  cubic  feet ;  which  Is  equal  to  -^- =8.7232  cubic  yards ;  or  T. 


Next,  as  to  the  triangle  ano: 
..1X.15_.015     ^^ 
-  — r —  =  —=.0075  square  ft. 

/  2 


27 
its  height  a  n  being  .1  foot,  and  its  base  n  o  .15  feet ;  its  area. 


This  multiplied  by  4,  gives  .03  square  feet ;  which,  In  a  distance  of 
100  feet,  gives  .03  X  100  =  3  cubic  feet;  which  is  equal  to  --  =  .1111  cubic  yard;  o;  v. 

El 

Having  thus  found  T  and  y,  proceed  to  make  out  the  table  in  the  manner  following,  which  i«  m 
plain  as  to  require  no  explanation.  The  work  shonld  be  tested  about  every  5  feet,  by  calculating  tn«* 
area  of  the  full  depth  arrived  at;  multiply  It  by.  100,  and  divide  the  product  by  27  for  the  cubic  yard* 
The  cubic  yards  thus  found  should  agree  with  the  table. 


Y.... 
y  .... 

...  6.7222 

.1111 

6.8333 

y 

6.9444 
.  .  .1111 

y 

7.0665 

y 

7.1666 
...  .1111 

Y.  6.722    .1 


7.2777 


6.8333 

13.6655 
6.9444 

20  5000 
7.0565 

27.6565 
7.1666 

34.7222 

7.2777 


.2 


.3 


.5 


Table  T. 


.1 
.2 
.3 
.4 
.6 
.6 


Cab.  Yds. 


Ac. 


6.72  Y. 
13.6 
20.6 
27.6 
34.7 
42.0 


42.0000    .6 


L 


The  following  table  contains  y,  ready  calculated  for  different  side-slopes.  It  plainly 
remains  the  same  for  all  widths  of  roadbed. 


Side-slope. 


Yi 


1 


to  1 
to  1 
to  1 
to  1 
to  1 
to  1 


0186 

0370 

0656 

0741 

.„ 0926 

1111 


Side-slope. 


9 

-•••». .1296 

...... ......  a     «t402 

1667 

.1862 

.2222 

.2965 
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TttMe  1.     Iievel  Cuttings.* 

Roadway  14  feet  wide,  side-slopes  1%  to  1. 


W""  w« 

Height 
in  Ft. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

Ca.Yds. 

Cu.Yds. 

Ca.Yds. 

Ca.Yds. 

Ca.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

0 

5.24 

10.6 

16.1 

21.6 

27.3 

33.1 

390 

45.0 

51.2 

1 

57.4 

63.8 

70.2 

76.8 

83.5 

90.3 

97.2 

104.2 

111.3 

118-6 

2 

125  9 

133.4 

141.0 

148.6 

156.4 

164.4 

172.4 

180.5 

188.7 

197a 

3 

205.6 

214.1 

222.8 

231.6 

240.5 

249.5 

258.7 

267.9 

277.3 

286.7 

4 

296.3 

306.0 

315.8 

325.7 

335.7 

845.8 

356.1 

366.4 

376.9 

387.5 

5 

398.1 

408.9 

419.9 

430.9 

442.0 

453.2 

464.6 

476.1 

487.6 

499.3 

6 

511.1 

5230 

535.0 

547.2 

559.4 

571.8 

584.2 

596.8 

609.5 

622.3 

7 

6352 

648.2 

661.3 

674.6 

687.9 

701.4 

714.9 

728.6 

742.4 

756,3 

8 

770.3 

784.5 

798.7 

813.1 

827.5 

842.1 

856.8 

871.6 

8865 

901.5 

9 

916.7 

931.9 

947.3 

962.7 

978.3 

994.0 

1010 

1026 

1042 

1058 

10 

1074 

1090 

1107 

1123 

1140 

1157 

1174 

1191 

1208 

1225 

11 

1243 

1260 

1278 

1295 

1313 

1331 

1349 

1867 

1385 

1404 

12 

1422 

1441 

1459 

1478 

1497 

1516 

1535 

1554 

1674 

1593 

13 

1613 

1633 

1652 

1672 

1692 

1712 

1733 

1753 

1773 

1794 

14 

1815 

1835 

1856 

1877 

1898 

1920 

1941 

1962 

1984 

2006 

15 

2028 

2050 

2072 

2094 

2116 

2138 

2161 

2183 

2206 

2229 

16 

2252 

2276 

2298 

2321 

2344 

2368 

2391 

2416 

2439 

2463 

IT 

2487 

2511 

2535 

2559 

2584 

2608 

2633 

2658 

2683 

2708 

18 

2733 

2759 

2784 

2809 

2835 

2861 

2886 

2912 

2938 

2964 

19 

2991 

3017 

3044 

3070 

3097 

3124 

8161 

3178 

3205 

8232 

20 

3259 

3287 

3314 

3342 

3370 

3398 

3426 

3454 

3482 

3510 

21 

3539 

3567 

3596 

3625 

3654 

3683 

3712 

3741 

3771 

3800 

22 

3830 

3859 

8889 

3919 

3949 

3979 

4009 

4040 

4070 

4101 

23 

4132 

416*2 

4193 

4224 

4255 

4287 

4318 

4349 

4381 

4413 

24 

4444 

4476 

4508 

4541 

4573 

4605 

4638 

4670 

4703 

4736 

25 

4769 

4802 

4835 

4868 

4901 

4935 

4968 

5002 

5036 

6070 

26 

6104 

5138 

5172 

5206 

5241 

5275 

5310 

5345 

5380 

5415 

27 

5450 

5485 

5521 

5556 

5592 

5627 

5663 

5699 

5735 

5771 

28 

5807 

5844 

5880 

5917 

5953 

5990 

6027 

6064 

6101 

6139 

29 

6176 

6213 

6251 

6289 

6326 

6364 

6402 

6440 

6479 

6517 

80 

6556 

6594 

6633 

6672 

6711 

6750 

6789 

6828 

6867 

6907 

31 

6946 

6986 

7026 

7066 

7106 

7146 

7186 

7226 

7267 

7307 

82 

7348 

7389 

7430 

7471 

7512 

7553 

7595 

7636 

7678 

7719 

33 

7761 

7803 

7845 

7887 

7929 

7972 

8014 

8057 

8099 

8142 

34 

8185 

8223 

8271 

8315 

8358 

8401 

8445 

8489 

8532 

8576 

35 

8620 

8664 

8709 

8758 

8798 

8842 

8887 

8932 

8976 

9022 

36 

9067 

9112 

9157 

9203 

9248 

9294 

9340 

9386 

9432 

9478 

37 

9524 

9570 

9617 

9663 

9710 

9757 

9804 

9851 

9898 

9045 

38 

9993 

10040 

\00B8 

101235 

10183 

10231 

10279 

10327 

10375 

10424 

39 

10472 

10524 

10569 

10618 

10667 

10716 

10765 

10815 

10864 

10913 

40 

10963 

11013 

11062 

11112 

11162 

11212 

11263 

11313 

11364 

11414 

41 

11465 

11516 

11567 

11618 

11669 

11720 

11771 

11823 

11874 

11926 

-     42 

11978 

12029 

12081 

12134 

12186 

12238 

12291 

12343 

12396 

12449 

43 

12502 

12555 

12608 

12661 

12715 

12768 

12822 

12875 

12929 

12983 

44 

13037 

13091 

13145 

13200 

13254 

13309 

13363 

13418 

13473 

13528 

45 

13583 

13639 

13694 

13749 

13805 

13861 

13916 

13972 

14028 

14084 

46 

14141 

14197 

14254 

14310 

14367 

14424 

14480 

14537 

14595 

14652 

47 

14709 

14767 

14824 

14882 

14940 

14998 

15056 

15114 

15172 

"15230 

48 

15289 

15347 

15406 

15465 

15524 

15583 

15642 

15701 

15761 

15826 

49 

15880 

15939 

15999 

16059 

16119 

16179 

16239 

16300 

16360 

16421 

50 

16481 

16542 

16603 

16664 

16725 

16787 

16848 

16909 

16971 

17033 

51 

17094 

17156 

17218 

17280 

17343 

17405 

17467 

17530 

17593 

17656 

52 

17719 

17782 

17845 

17908 

17971 

18035 

18098 

18162 

18226 

1829G 

53 

18354 

18418 

18482 

18546 

18611 

18675 

18740 

18805 

18S70 

18935 

54 

19000 

19065 

19131 

19196 

19262 

19327 

19393 

19469 

19525 

19691 

55 

19657 

19724 

19790 

19867 

19923 

19990 

20057 

20124 

20191 

20259 

56 

20326 

20393 

20461 

20529 

20596 

20664 

20732 

20800 

20R69 

20937 

57 

21005 

21074 

21143 

21212 

21280 

21349 

21419 

21488 

21657 

21627 

58 

21696 

21766 

21836 

21906 

21976 

22046 

22116 

22186 

22257 

22327 

59 

22398 

22469 

22540 

22611 

22682 

22753 

22825 

22896 

22968 

23039 

60 

23111 

23183 

23255 

23327 

23399 

23472 

23544 

23617 

23689 

23762 

■)fr  From  the  Author's  "  Measurement  and  Coat  of  Earthwork." 
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TaMe  a.     feuvel  Cutting** 

Roadway  24  feet  wide,  aide-slopes  1%  to  1« 
For  double-track  embankment 


Height 

in  Ft. 

.0 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.9 

Cu.Yda. 

Cu.Yda. 

Cu.Yda. 

Cu.Yda. 

Cu.Yda. 

Cu.Yda. 

Cu.Yda. 

Cu.Yds. 

Cu.Yda. 

Cu.Yda. 

0 

8.94 

18.0 

27.2 

36.4 

'     45.8 

65.3 

64.0 

74.7 

84.5 

1 

04.4 

104.5 

114.7 

124.9 

136.3 

145.8 

156.4 

167.2 

178.0 

18&9 

2 

200.0 

211.2 

222.4 

233.8 

245.3 

256.9 

268.6 

280.6 

292.4 

304.4 

S 

316.6 

328.9 

341.2 

353.7 

366.3 

379.0 

891.9 

4048 

4J7.8 

431.0 

4 

444.4 

457.8 

471.3 

484.9 

498.6 

512.4 

526.4 

640.4 

554.6 

668.8 

6 

683.3 

597.8 

612.4 

627.1 

642.0 

656.9 

671.9 

687.1 

702.3 

717.7 

6 

733.3 

748.9 

764.7 

780.5 

796.4 

812.5 

828.7 

844.9 

8G1.3 

877.8 

7 

894.4 

911.2 

928.0 

944.9 

962.0 

979.2 

996.4 

1014 

1031 

1049 

8 

1067 

1085 

1102 

1121 

1139 

1157 

1176 

1194 

1212 

1231 

9 

1260 

1260 

1288 

1307 

1326 

1346 

1865 

1385 

1405 

1425 

10 

1444 

1466 

1486 

1505 

1525 

1546 

1566 

1687 

1608 

1«89 

11 

1650 

1671 

1692 

1714 

1735 

1757 

1779 

1800 

1822 

1846 

12 

1867 

1880 

1911 

1934 

1956 

1979 

2002 

2026 

2048 

2071 

13 

2094 

2118 

2141 

2165 

2189 

2213 

2236 

2261 

2285 

2300 

14 

2883 

2366 

2382 

2407 

2432 

2457 

2482 

2507 

2632 

2668 

15 

2683 

2609 

2635 

2661 

2686 

2713 

2789 

2766 

2791 

2818 

10 

2844 

2871 

2898 

2925 

2962 

2979 

3006 

3084 

8061 

3089 

17 

3117 

3145 

3172 

3201 

3229 

3267 

8286 

3314 

8342 

3371 

18 

8400 

3429 

3468 

3487 

8616 

3646 

8675 

8605 

8635 

3665 

10 

8604 

3726 

3765 

8785 

3815 

3846 

8876 

8907 

3938 

3969 

20 

4000 

4031 

4062 

4094 

4125 

4167 

4189 

4221 

4252 

4285 

21 

4317 

4349 

4381 

4414 

4446 

4479 

4512 

4646 

4578 

4611 

22 

4644 

4678 

4711 

4745 

4779 

4813 

4846 

4881 

4915 

4949 

28 

4083 

6018 

5052 

6087 

5122 

6167 

6192 

6227 

6262 

5298 

24 

6333 

5369 

5405 

6441 

5476 

6513 

6649 

6685 

6621 

5668 

25 

6694 

6731 

6768 

5805 

5842 

6879 

5916 

6964 

6991 

6929 

26 

6067 

6106 

6142 

6181 

6219 

6257 

6295 

6334 

6372 

6411 

27 

6460 

6480 

6628 

6567 

6606 

6646 

6685 

6725 

6765 

6806 

28 

6844 

6885 

6925 

6965 

7005 

7046 

7086 

7127 

7168 

7209 

20 

7250 

7291 

7332 

7374 

7415 

7457 

7499 

7641 

7582 

7825 

30 

7667 

7700 

7761 

7794 

7836 

7879 

7922 

7965 

8008 

8051 

31 

8094 

8138 

8181 

8225 

8269 

8313 

8366 

8401 

8446 

84o9 

32 

8633 

8578 

8622 

8667 

8712 

8757 

8802 

8847 

8892 

8938 

33 

8983 

9029 

9075 

9121 

9166 

9212 

9260 

9306 

9351 

9398 

84 

9444 

9491 

0538 

9685 

9632 

9679 

9726 

9774 

9821 

9869 

35 

9917 

9965 

10012 

10061 

1O100 

10157 

10205 

10264 
10746 

10302 

10361 

36 

10400 

10449 

10408 

10547 

10596 

10646 

10696 

10796 

10845 

37 

10804 

10945 

10995 

11045 

11095 

11146 

11196 

11247 

11298 

11849 

38 

11400 

11451 

11502 

11554 

11606 

11667 

11709 

11761 

11812 

11866 

30 

11017 

11969 

12021 

12074 

12126 

12179 

12232 

12286 

12838 

12991 

40 

12444 

12498 

12551 

12606 

12650 

12718 

12766 

12821 

12876 

12929 

41 

12983 

13038 

13092 

13147 

13202 

18267 

18812 

13367 

18422 

13478 

42 

13533 

13580 

18645 

13701 

13756 

18813 

18869 

13926 

18981 

14938 

43 

14004 

14161 

14208 

14265 

14322 

14379 

14436 

14494 

14661 

14609 

44 

14667 

14725 

14782 

14840 

14899 

14967 

16016 

16074 

15132 

16191 

46 

15260 

15309 

15368 

15427 

15486 

15546 

16606 

16666 

16726 

15785 

46 

16844 

15905 

15965 

16025 

16085 

16146 

16206 

16267 

16328 

16889 

47 

16460 

16511 

16572 

16634 

16695 

16767 

16819 

16881 

16942 

IT0OS 

48 

17067 

17129 

17191 

17254 

17316 

17379 

17442 

17606 

17668 

17631 

40 

17694 

17758 

17821 

17885 

17949 

18013 

18076 

18141 

18206 

18269 

60 

18333 

18398 

18462 

18527 

18592 

18657 

18722 

18787 

18862 

18918 

61 

18983 

19049 

19116 

19181 

19246 

19313 

19379 

19446 

19611 

19578 

62 

19644 

19711 

19778 

19845 

19912 

19979 

20046 

20114 

20181 

20849 

63 

20317 

20385 

20452 

20521 

20589 

20657 

20725 

20794 

20862 

20931 

54 

21000 

21069 

21138 

21207 

21276 

21846 

21415 

21485 

21666 

21625 

66 

21694 

21765 

21835 

21906 

21976 

22046 

22116 

22187 

22268 

22829 

66 

22400 

22471 

22542 

22614 

22685 

22757 

22829 

22901 

22972 

23046 

67 

23117 

'23189. 

23261 

23334 

23406 

23479 

23652 

23625 

23698 

26771 

68 

23844 

23918 

23991 

24065 

24139 

24218 

24266 

24361 

24486 

24609 

60 

24688 

24658 

24732 

24807 

24882 

24067 

26062 

26107 

26162 

25268 

60 

26338 

26409 

25485 

25661 

25636 

26713 

26789 

26865 

26941 

28018 

For  eonduuAtion  to  100  tact,  m»  T*slb  7. 
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Table  3.     Level  Cuttings* 

Roadway  18  feet  wide,  side-slopea  1  to  1. 

For  single-track  excavation. 


Depth 
in  Ft. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
87 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


.0 


Cu.Yds. 


70 

148 

233 

325. 

425 

533. 

648. 

770. 

900. 

1037 

1181 

1333 

1493 

1659 

1833 

2015 

2204 

2400 

2604 

2815 

3033 

3259 

3493 

3733 

3981 

4237 

4500 

4770 

5048 

5333 

5626 

5926 

6233 

6548 

6870 

7200 

7537 

7881 

8233 

8593 

8959 

9333 

9715 

10104 

10500 

10904 

11315 

11733 

12159 

12593 

13033 

13481 

13937 

14400 

14870 

15348 

15833 

16326 

16S26 

17333 


.1 


.2 


Cu.Yds. 


6, 

77. 

156. 

242. 

335. 

436. 

544. 

660. 

783. 

913. 

1051 

1196 

1349 

1509 

1676 

1851 

2033 

2223 

2420 

2624 

2836 

3056 

3282 

3516 

3768 

4007 

4263 

4527 

4798 

5076 

5362 

5656 

5956 

6264 

6580 

6903 

7233 

7571 

7916 

8269 

8629 

8996 

9371 

9753 

10143 

10540 

10944 

11356 

11776 

12202 

12636 

13078 

13527 

13983 

14447 

14918 

15396 

15882 

16376 

16876 

17384 


70 

,8 

3 

3 

6 

3 

5 

0 

0 

4 


Cu.Yds. 


13. 

85 

164. 

251. 

345. 

446. 

555. 

672. 

795. 

926. 

1065 

1211 

1365 

1525 

1693 

1869 

2052 

2242 

2440 

2645 

2858 

3078 

3305 

3540 

3782 

4032 

4289 

4553 

4825 

5105 

5391 

5685 

5987 

6296 

6612 

6936 

7267 

7605 

7951 

8305 

8665 

9033 

9409 

9792 

10182 

10580 

10985 

11398 

11818 

12245 

12680 

13122 

13572 

14029 

14493 

14965 

15445 

15931 

16425 

16927 

17436 


.3 


Cu.Yds. 


20 

92 

172. 

260. 

355. 

457. 

567. 

684. 

808. 

940 

1080 

1226 

1380 

1542 

1711 

1887 

2071 

2262 

2460 

2666 

2880 

3100 

3328 

3564 

3807 

4057 

4315 

4580 

4853 

5133 

5420 

5715 

6017 

6327 

6644 

6968 

7300 

7640 

7986 

8340 

8702 

9071 

9447 

9831 

10222 

10620 

11026 

11440 

11860 

12288 

12724 

13167 

13617 

14075 

14540 

15013 

15493 

15980 

16475 

16977 

17487 


.4 


Cu.Yds. 


27. 

100. 

181. 

269 

365 

468. 

578. 

696 

821, 

953. 

1094 

1241 

1396 

1558 

1728 

1905 

2089 

2231 

2481 

2687 

2901 

3123 

3352 

3588 

3832 

4083 

4341 

4607 

4881 

5161 

5449 

5745 

6048 

6358 

6676 

7001 

7334 

7674 

8021 

8376 

8738 

9108 

9485 

9869 

10261 

10661 

11067 

11481 

11903 

12332 

12768 

13212 

13663 

14121 

14587 

15061 

15541 

16029 

16525 

17028 

17538 


.5 


Cu.Yds 

34.3 

108.3 

189.8 

278.7 

375.0 

478.7 

589.8 

708.3 

834.3 

967.6 

1108 

1256 

1412 

1575 

1745 

1923 

2108 

2301 

2501 

2708 

2923 

3145 

3375 

3612 

3856 

4108 

4368 

4634 

4908 

5190 

5479 

6775 

6079 

6390 

6708 

7034 

7368 

7708 

8056 

8412 

8776 

9145 

9523 

9908 

10301 

10701 

11108 

11523 

11945 

12375 

12812 

13256 

13708 

14168 

14634 

15108 

15590 

16079 

16575 

17079 

17590 


.6 


Cu.Yds. 


41. 

116. 

198. 

288. 

385. 

489. 

601. 

720, 

847. 

981, 

1123 

1272 

1428 

1592 

1763 

1941 

2127 

2321 

2521 

2729 

2945 

3168 

3398 

3636 

3881 

4134 

4394 

4661 

4936 

5218 

5508 

5805 

6109 

6421 

6741 

7067 

7401 

7743 

8092 

8448 

8812 

9183 

9561 

9947 

10341 

10741 

11149 

11565 

11988 

12418 

12856 

13301 

13754 

14214 

14681 

15156 

15638 

16128 

16625 

17129 

17641 


.7 


Cu.Yds. 
48.5 
124.0 
207.0 
297.4 
395-1 
500.3 
612.9 
732.9 
860.3 
995.1 
1137 
1287 
1444 
1608 
1780 
1960 
2146 
2340 
2542 
2751 
2967 
3191 
3422 
3660 
3906 
4160 
4420 
4688 
4964 
5247 
5537 
5835 
6140 
6453 
6773 
7100 
7435 
7777 
8127 
8484 
8848 
9220 
9600 
9986 

10380 

10782 

11191 

11607 

12031 

12462 

12900 

13346 

13800 

14260 

14728 

15204 

15687 

17177 

lfiC75 

17180 

17693 


.8 


Cu.Yds. 

55.7 
132.0 
215.7 
306.8 
405.3 
511.3 
624.6 
745.3 
873.5 
1009 
1152 
1302 
1460 
1625 
1798 
1978 
2165 
2360 
2562 
2772 
2989 
3213 
3445 
3685 
3931 
4185 
4447 
4716 
4992 
6276 
6567 
5865 
6171 
6485 
6S05 
7133 
7469 
7812 
8162 
8520 
8885 
9258 
9638 

10025 

10420 

10822 

11232 

11649 

12073 

12505 

12945 

13391 

13845 

14307 

14776 

15252 

15736 

16227 

16725 

17231 

17746 


.9 

Cu.Yds.' 

6J.0 
140.0 
224.5 
316.3 
415.6 
522.3 
636.3 
757.H 
886.7 
1023 
1167 
1318 
1476 
1642 
1816 
1996 
2184 
2380 
2583 
2793 
3011 
3236 
3469 
3709 
3956 
4211 
4473 
4743 
5020 
5304 
6596 
5896 
6202 
6516 
6838 
7167 
7503 
7847 
8198 
8556 
8922 
9296 
9676 

10064 

10460 

10863 

11273 

11691 

12116 

12549 

12989 

13436 

13891 

14353 

14823 

15300 

15784 

16276 

16776 

17282 

17796 


Fpr  continuation  to  100  feet  deep,  see  Table  7. 


736 


RAILROADS. 


'  Table  4.     Level  Catting*. 

Roadway  18  feet,  side-slopes  1%  to  1. 
For  single-track  exoavation* 


Depth 

in  Ft. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

Cu.Yda. 

Cu.Yda. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yda. 

Cu.Yda. 

Co. Yds. 

Cu.Yda. 

0 

6.72 

13.6 

20.5 

27.6 

34.7 

42.0 

49.4 

56.9 

64.5 

1 

72.2 

80.1 

88.0 

96.1 

104.2 

112.5 

120.9 

129.4 

138.0 

146.7 

2 

155.5 

164.5 

173.5 

182.7 

191.9 

201.3 

210.8 

220.4 

230.1 

240.0 

3 

249.9 

260.0 

270.1 

280.4 

290.8 

301.3 

311.9 

322.6 

333.4 

344.5 

4 

355.5 

366.7 

37S.0 

389.4 

400.9 

412.5 

424.2 

4360 

448.0 

460.0 

6 

472.2 

484.5 

496.9 

509.4 

522.0 

534.7 

547.6 

560.5 

673.6 

586.7 

6 

600.0 

613.4 

626.9 

640.5 

654.2 

668.1 

682.0 

696.1 

710.2 

724.5 

7 

738.9 

753.4 

768.0 

782.7 

797.6 

812.5 

827.6 

842.7 

858.0 

873.4 

8 

888.9 

904.5 

920.2 

936.1 

952.0 

968.1 

984.2 

1001 

1017 

1033 

9 

1050 

1067 

1084 

1101 

1118 

1135 

1152 

1169 

1187 

1205 

10 

1222 

1240 

1258 

1276 

1294 

1313 

1331 

1349 

1368 

1387 

11 

1406 

1425 

1444 

1463 

1482 

1501 

1521 

1541 

1560 

1580 

12 

1600 

1620 

1640 

1661 

1681 

1701 

1722 

1743 

1764 

1785 

33 

1806 

1827 

1848 

1869 

1891 

1913 

1934 

1956 

1978 

200ii 

14 

2022 

2045 

2067 

2089 

2112 

2135 

2158 

2181 

2204 

2227 

15 

2250 

2273 

2297 

2321 

2344 

2368 

2392 

2416 

2440 

2465 

16 

2489 

2513 

2538 

2563 

2588 

2613 

2638 

2663 

2688 

2713 

17 

2739 

2765 

2790 

2816 

284-2 

2868 

2894 

2921 

2947 

2973 

18 

3000 

3027 

3054 

3081 

3108 

3135 

3162 

3189 

3217 

3245 

19 

3272 

3300 

3328 

3356 

3384 

3413 

3441 

3469 

3498 

3527 

20 

3556 

3585 

3614 

3643 

3672 

3701 

3731 

3761 

3790 

3820 

21 

3850 

3880 

3910 

3941 

3971 

4001 

4032 

4063 

4094 

4125 

22 

4156 

4187 

4218 

4249 

4281 

4313 

4344 

4376 

4408 

4440 

23 

4472 

4505 

4537 

4569 

4602 

4635 

4668 

4701 

4734 

4787 

24 

4800 

4833 

4867 

4901 

4934 

4968 

5002 

5036 

6070 

5105 

25 

5139 

5173 

52C8 

5243 

5278 

5U13 

63-18 

5383 

6418 

5453 

28 

5489 

5525 

5560 

5596 

6632 

5668 

5704 

6741 

5777 

5813 

27 

5850 

6887 

5924 

5961 

5998 

6035 

6072 

6109 

6147 

6185 

28 

6222 

6260 

6298 

6336 

6374 

6413 

6451 

6489 

6528 

6567 

29 

6606 

6645 

6684 

6723 

6702 

6801 

6841 

6881 

6920 

6960 

30 

7000 

7040 

70S0 

7121 

7161 

7201 

7242 

7283 

7324 

7365 

31 

7406 

7447 

7488 

7529 

7571 

7613 

7654 

7696 

7738 

7780 

32 

7822 

7865 

7907 

7949 

7992 

8035 

8078 

8121 

8164 

8207 

33 

8250 

8293 

8337 

8381 

8424 

8468 

8512 

8556 

8600 

8645 

34 

8689 

8733 

8778 

8823 

8868 

8913 

8958 

9003 

9048 

9093 

85 

9139 

9185 

9230 

9276 

9322 

9368 

9414 

9461 

9507 

9553 

36 

9600 

9647 

9694 

9741 

9788 

9835 

9882 

9929 

9977 

10025 

37 

10072 

10120 

10168 

10216 

10264 

10313 

10361 

10409 

10458 

10507 

38 

10556 

10605 

10654 

10703 

10752 

10801 

10851 

10901 

10950 

11000 

39 

11050 

11100 

11150 

11200 

11251 

11301 

11352 

11403 

11454 

11505 

40 

11556 

11607 

11658 

11709 

11761 

11818 

11864 

11916 

11968 

12020 

41 

12072 

12125 

12177 

12229 

12282 

12385 

12388 

12441 

12494 

12547 

42 

12600 

12653 

12707 

12761 

12814 

12868 

12922 

12976 

13030 

13085 

43 

13139 

13193 

13248 

13303 

13358 

13413 

13468 

13523 

13578 

13633 

44 

13689 

13745 

13800 

13856 

13912 

13968 

14024 

14081 

14137 

14193 

45 

14250 

14307 

14364 

14421 

14478 

14535 

14592 

14C49 

14707 

14765 

46 

14822 

14880 

14938 

14996 

15054 

15118 

15171 

15229 

152S8 

15347 

47 

15406 

15465 

15524 

15583 

15642 

15701 

15761 

15821 

15880 

15940 

48 

16000 

16060 

16120 

16181 

16241 

16301 

16362 

16423 

16484 

16545 

49 

16606 

16667 

16728 

16789 

16851 

16918 

16974 

17038 

17098 

17160 

50 

17222 

17285 

17347 

17409 

17472 

17535 

17598 

17661 

17724 

17787 

51 

17850 

17913 

17977 

18041 

18104 

18168 

18232 

18296 

18360 

18425 

52 

18489 

18553 

18618 

18683 

18748 

18813 

18878 

18948 

19008 

19073 

53 

19139 

19205 

19270 

19336 

19402 

19468 

19534 

19601 

19667 

19783 

54 

19800 

19867 

19934 

20000 

20068 

20135 

20202 

20289 

20337 

20405 

55 

20472 

20540 

20608 

20676 

20744 

20813 

20881 

20949 

21018 

21087 

56 

21156 

21225 

21294 

21363 

21432 

21501 

21571 

21641 

21710 

21780 

57 

21850 

21920  • 

21990 

22061 

22131 

22201 

22272 

22843 

22414 

22485 

58 

22556 

22627 

22698 

22769 

22841 

22913 

22984 

23056 

23128 

$3200 

59 

23272 

23345 

23417 

23489 

23562 

28635 

28708 

23781 

23854 

23927 

60 

24000 

24073 

24147    1 

24221 

24294    1 

24368 

24442 

24616 

24590 

24685 

For  continuation  to  100  feet  deep,  Me  Table  7. 
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Table  S.     Level  Cuttings. 

Roadway  28  feet  wide,  side-slopes  1  to  1. 
For  double-track  excavation. 


Depth 

in  Ft. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 
Cu.Yds. 

.9 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

0 

10.4 

20.9 

31.4 

42.1 

52.8 

63.6 

74.4 

85.3 

96.3 

1 

107.4 

118.6 

129.8 

141.1 

152.4 

163.9 

175.4 

ma 

198.7 

210.4 

2 

222.2 

234.1 

246.1 

258.1 

270.2 

282.4 

294.7 

307.0 

319  4 

331.9 

3 

344.4 

357.1 

369.8 

382.6 

395.4 

408.3 

421.3 

434.4 

447  6 

460.8 

4 

474.1 

487.4 

500.9 

514.4 

628.0 

541.7 

555.4 

569.2 

583.1 

597.1 

5 

611.1 

625.2 

639.4 

653.7 

668.0 

682.4 

696.9 

711.4 

726.1 

740.8 

6 

755.6 

770.4 

785.4 

800.4 

815.5 

830.6 

845.8 

861.1 

876.5 

891.9 

7 

907.5 

923.0 

938.7 

954.5 

970.3 

986.2 

1002 

1018 

1034 

1050 

8 

1067 

1083 

1099 

1116 

1132 

1149 

1166 

1182 

1199 

1216 

9 

1233 

1250 

1267 

1285 

1302 

1319 

1337 

1354 

1372 

1390 

10 

1407 

1425 

1443 

1461 

1479 

1497 

1515 

1534 

1552 

1570 

11 

1589 

1607 

1626 

1645 

1664 

1682 

1701 

1720 

1739 

1759 

12 

1778 

1797 

1816 

1836 

1855 

1875 

1895 

1914 

1934 

1964 

13 

1974 

1994 

2014 

2034 

2055 

2075 

2095 

2116 

2136 

2157 

14 

2178 

2199 

2219 

2240 

2261 

2282 

2304 

2325 

2346 

2367 

15 

2389 

2410 

2432 

2454 

2475 

2497 

2519 

2541 

2563 

2585 

ie 

2607 

2630 

2652 

2674 

2697 

2719 

2742 

2765 

2788 

2810 

17 

2833 

2856 

2879 

2903 

2926 

2949 

2972 

2996 

3019 

3043 

18 

3067 

3090 

3114 

3138 

3162 

3186 

3210 

3234 

3259 

3283 

19 

3307 

3332 

3356 

3381 

3406 

3431 

3455 

3480 

3505 

3530 

20 

3556 

3581 

3606 

3631 

3657 

3682 

3708 

3734 

3759 

3785 

21 

3811 

3837 

3863. 

3889 

3915 

3942 

3968 

3994 

4021 

4047 

22 

4074 

4101 

4128 

4151 

4181 

4208 

4235 

4263 

4290 

4317 

23 

4344 

4372 

4399 

4427 

4455 

4482 

4510 

4538 

4566 

4594 

24 

4622 

4650 

4679 

4707 

4735 

4764 

4792 

4821 

4850 

4879 

25 

4907 

4936 

4965 

4994 

5024 

5053 

5082 

5111 

5141 

6170 

26 

5200 

5230 

5259 

5289 

5319 

5349 

5379 

5409 

5439 

5470 

27 

5500 

5530 

5561 

5591 

5622 

5653 

5684 

5714 

5745 

5776 

28 

5807 

5839 

5870 

5901 

5932 

5964 

5995 

6027 

6059 

6090 

29 

6122 

6154 

6186 

6218 

6250 

6282 

6315 

6347 

6379 

6412 

30 

6444 

6477 

6510 

6543 

6575 

6608 

6641 

6674 

6708 

6741 

31 

6774 

6807 

6541 

6874 

6308 

6942 

6976 

7009 

7043 

7077 

32 

7111 

7145 

7179 

7214 

7248 

7282 

7317 

7351 

7386 

7421 

33 

7456 

7490 

7525 

7560 

7595 

7631 

7666 

7701 

7736 

7772 

34 

7807 

7843 

7879 

79  L4 

7950 

7986 

8022 

8058 

8094 

8130 

35 

8167 

8203 

8239 

8276 

8312 

8349 

8386 

8423 

8459 

8496 

36 

8533 

8570 

8608 

8645 

8682 

8719 

8757 

8794 

8832 

8870 

37 

8907 

8945 

8983 

9021 

9059 

9097 

9135 

9174 

9212 

9250 

38 

9289 

9327 

9366 

9405 

9444 

9482 

9521 

9560 

9599 

9639 

39 

9678 

9717 

9756 

9796 

9835 

9875 

9915 

9954 

9994 

10034 

40 

10074 

10114 

10154 

10194 

10235 

10275 

10315 

10356 

10396 

10437 

41 

10478 

10519 

10559 

10600 

10641 

10682 

10724 

10765 

10806 

10847 

42 

10889 

10930 

10972 

11014 

11055 

11097 

11139 

11181 

11223 

11265 

43 

11307 

11350 

11392 

11434 

11477 

11519 

11562 

11605 

11648 

11 693 

44 

11733 

11776 

11819 

11863 

11906 

11949 

11992 

12036 

12079 

12123 

45 

12167 

12210 

12254 

12298 

12342 

123S6 

12430 

12474 

12519 

12563 

46 

12607 

12652 

12696 

12741 

12786 

12831 

12875 

12920 

12965 

13010 

47 

13056 

13101 

13146 

13191 

13237 

13282 

13328 

13374 

13419 

13465 

48 

13511 

13587 

13603 

13649 

13695 

13742 

13788 

13834 

13881 

13927 

49 

13974 

14021 

14068 

14114 

14161 

14208 

14255 

14303 

14350 

14397 

50 

14444 

14492 

14539 

14687 

14635 

14682 

14730 

14778 

14826 

14874 

51 

14922 

14970 

15019 

15067 

15115 

15164 

15212 

15261 

15310 

15359 

52 

15407 

15456 

15505 

15054 

15604 

15653 

15702 

15751 

15801 

15860 

53 

15900 

15950 

15999 

16049 

16099 

16149 

16199 

16249 

16299 

16350 

64 

16400 

16450 

16501 

16551 

16602 

16653 

16704 

16754 

16805 

16866 

55 

16907 

16959 

17010 

17061 

17112 

17164 

17215 

17267 

17319 

17370 

56 

17422 

17474 

17626 

17578 

17630 

17682 

17735 

17787 

17839 

17892 

67 

17944 

17997 

18050 

18103 

18155 

18208 

18261 

18314 

18368 

18421 

58 

18474 

18527 

18581 

18634 

18688 

18742 

18795 

18849 

18903 

18957 

69 

19011 

19065 

19119 

19174 

19228 

19282 

19337 

19391 

19446 

19501 

60 

19556    19610 

19665 

19720 

19775 

19831 

19886 

19941 

19996 

20052 

For  continuation  to  100  feet,  see  Table  7. 
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Table  6.     I«eTel  Cuttings. 

Roadway  28  ft  wide,  side-slopes  1}£  to  1. 
For  double-track  excavation. 


Depth 

in  Ft. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

J9 

Cu.Ydi. 

Cu.Yds. 

Cu.Ydi. 

Ca.Yda. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yds. 

Cu.Yd*. 

0 

10.4 

21.0 

31.6 

42.4 

635 

64.2 

76.3 

86.5 

97.9 

1 

109.3 

120.8 

132.5 

144.3 

156.1 

168.1 

180.2 

192.4 

204.8 

217.2 

2 

229.6 

242.3 

265.0 

267.9 

280.9 

294.0 

307.2 

820.5 

334.0 

347.5 

3  ' 

361.2 

374.9 

888.8 

402.8 

416.9 

431.1 

445.4 

459.9 

474.4 

489.1 

4 

603.7 

518.6 

633.6 

648.6 

563.9 

679.3 

694.7 

610.2 

625.8 

641.6 

6 

667.5 

673.4 

689.5 

706.7 

722.1 

738.6 

7650 

771.7 

788.4 

806.3 

6 

822.2 

839.3 

856.5 

873.8 

891.2 

908.8 

926.4 

944.2 

962.0 

980.0 

7 

998.1 

1016 

1036 

1053 

1072 

1090 

1109 

1128 

1147 

1166 

8 

1185 

1204 

1224 

1243 

1263 

1288 

1303 

1322 

1343 

1363 

9 

1383 

1403 

1424 

1445 

1465 

1486 

1507 

1528 

1649 

1571 

10 

1592 

1614 

1635 

1657 

1679 

1701 

1723 

1746 

1767 

1790 

11 

1812 

1835 

1858 

1881 

1904 

1927 

1950 

1973 

1997 

2090 

12 

2044 

2068 

2092 

2116 

2140 

2164 

2189 

2213 

2238 

2262 

13 

2287    1  2312 

2337 

2362 

2387 

2413 

2488 

2464 

2489 

2615 

14 

2541 

2667 

2593 

2619 

2616 

2672 

2698 

2725 

2762 

277« 

15 

2806 

2833 

2860 

2887 

2915 

2942 

2970 

2997 

3026 

3053 

16 

3081 

3109 

3138 

3166 

3195 

8223 

8262 

8281 

3310 

3339 

17 

3368 

3397 

3427 

3456 

8486 

3516 

3646 

3676 

3606 

8636 

18 

3667 

3697 

8728 

3758 

3789 

3820 

8851 

8882 

3913 

8944 

19 

3976 

4007 

4039 

4070 

4102 

4134 

4166 

4198 

4231 

4263 

20 

4296 

4328 

4361 

4394 

4427 

4460 

4493 

4527 

4660 

4694 

21 

4627 

4661 

4695 

4729 

4763 

4797 

4832 

4866 

4900 

4935 

22 

4970 

5005 

6040 

6076 

6111 

6146 

6181 

6217 

6253 

6286 

23 

5324 

5360 

5396 

6432 

6469 

6505 

6542 

6578 

5616 

6653 

24 

5689 

5726 

5763 

6800 

6838 

6875 

6913 

6951 

6989 

6027 

25 

6066 

6103 

6141 

6179 

6218 

6257 

6295 

6334 

6373 

641*2 

26 

6451 

6491 

6530 

6570 

6609 

6649 

6689 

6729 

6769 

6809 

27 

6860 

6890 

6931 

6971 

7012 

7053 

7094 

7136 

7176 

7217 

28 

7259 

7300 

7342 

7384 

7426 

7468 

7610 

7562 

7594 

7637 

29 

7680 

7722 

7765 

7808 

7851 

7894 

7937 

7981 

8024 

8067 

30 

8111 

8156 

8199 

8243 

8287 

8331 

8376 

8420 

8464 

8609 

31 

8554 

8598 

8643 

8688 

8734 

8779 

8824 

8870 

8915 

8961 

32 

9007 

9053 

9099 

9145 

9191 

9238 

9284 

9831 

9378 

9425 

33 

9472 

9519 

9;66 

9613 

9C61 

9708 

9766 

9804 

9851 

9900 

34 

9948 

9997 

10045 

10093 

10142 

10190 

10239 

10288 

10337 

10386 

35 

10435 

10484 

10534 

10583 

10633 

10683 

10732 

10782 

10832 

10882 

36 

10933 

10983 

11034 

11084 

11135 

11186 

11237 

11288 

11339 

11391 

37 

11443 

11494 

11546 

11598 

11649 

11701 

11753 

11806 

11868 

11910 

38 

11963 

12016 

12068 

12121 

12174 

12227 

12281 

12334 

12387 

12441 

39 

12494 

12548 

12602 

12656 

12710 

12764 

12819 

12873 

12928 

12982 

40 

13037 

13092 

13147 

13202 

13267 

13812 

13368 

13423 

13479 

13635 

41 

13691 

13647 

13703 

13759 

13816 

13872 

18928 

13986 

14042 

14099 

42 

14156 

14213 

14270 

14327 

14385 

14442 

14600 

14668 

14615 

1467S 

43 

14731 

14790 

14848 

14906 

14965 

15024 

16082 

16141 

16200 

16269 

44 

15318 

15378 

15437 

15497 

16556 

15616 

16676 

16736 

16796 

16868 

45 

15917 

15977 

16038 

16098 

16159 

16220 

16281 

16342 

16408 

16485 

46 

16526 

16587 

16649 

16711 

16773 

16835 

16897 

16959 

17021 

17084 

47 

17146 

17209 

17272 

17335 

17398 

17461 

17524 

17687 

17661 

17714 

48 

17778 

17842 

17905 

17969 

18033 

18098 

18162 

18226 

18291 

18368 

49 

18420 

18485 

18550 

18616 

18680 

18746 

1881* 

18877 

18942 

19008 

60 

19074 

19140 

19206 

19272 

19339 

19406 

19472 

19688 

19806 

19872 

61 

19739 

19806 

19873 

19940 

20008 

20076 

20143 

20211 

20279 

20847 

62 

20415 

20483 

20551 

20620 

20688 

20757 

20826 

20894 

20968 

21082 

63 

21102 

21171 

21241 

21310 

21380 

21460 

21519 

21689 

21669 

21790 

64 

21800 

21870 

21941 

22012 

22082 

22163 

22224 

22296 

22306 

22488 

55 

22509 

22581 

22652 

22724 

22796 

22868 

22940 

29012 

28086 

28167 

66 

23230 

23302 

23376 

23448 

23621 

23694 

23667 

23741 

23814^ 

28888 

67 

23961 

24035 

24109 

24183 

24267 

24331 

24406 

24480 

24664 

24689 

68 

24704 

24779 

24854 

24929 

25004 

26079 

26166 

25280 

26806 

25381 

69 

25457 

25533 

25609 

25686 

25762 

26838 

26916 

26092 

20088 

28146 

60 

26222    1 

26299 

26376 

26454 

26631 

26009 

26686 

26764 

28843 

20990 

For  continuation  to  100  feet,  see  Table  7. 
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Table  7.     l>v«l  Cuttings. 

Continuation  of  the  six  foregoing  Tables  of  Gable  Contents,  to  100  feet  of  height  or  depth. 


Height 

Table 

Table 

Table 

Table 

Table 

Table 

or  Depth 

in  Feet. 

1 

2 

3 

4 

5 

6 

Cu.  Yds. 

Ca.  Yds. 

Co*.  Yds. 

Cu.  Yds. 

Ca.  Yds. 

Cu.  Yds. 

61 

23835 

26094 

17848  . 

24739 

20107 

26998 

.5 

24201 

26479 

18108 

25113 

203S6 

27390 

62 

24570 

26867 

18370 

25489 

20667 

27785 

.5 

24942 

27257 

18634 

25868 

20949 

28183 

63 

25317 

27650 

18900 

26250 

21233 

28583 

.5 

25694 

28046 

19168 

26635 

21519 

28986 

64 

26074 

28444 

19437 

27022 

21807 

29393 

.5 

26457 

28846 

19708 

27413 

22097 

29801 

65 

26843 

29250 

19981 

27806 

22389 

30213 

.5 

2723L 

29657 

20256 

28201 

22682 

30627 

66 

27622 

30067 

20533 

28600 

22978 

31044 

.5 

28016 

30479 

20812 

29001 

23275 

31464 

67 

28413 

30894 

21093 

29406 

23574 

31887 

.5 

28812 

31313 

21375 

29813 

23875 

32312 

68 

29215 

31733 

21659 

30222 

24178 

32741 

.5 

29620 

32157 

21945 

80635 

24482 

33172 

60 

80028 

82583 

22233 

31050 

24789 

33605 

.5 

30438 

330ia 

22523 

31468 

25097 

34042 

70 

30852 

33444 

22S14 

31889 

25407 

34481 

.5 

31268 

33879 

23108 

33313 

25719 

34924 

71 

31687 

34317 

23404 

32739 

26033 

36369 

.5 

32108 

34757 

23701 

33168 

26349 

35816 

72 

32533 

35200 

24000 

33600 

26667 

86267 

.5 

32960 

35646 

24301 

34035 

26986 

86720 

73. 

33390 

36094 

24604 

34472 

27307 

37176 

.5 

33823 

36546 

24907 

84913 

27631 

37635 

74 

34259 

37000 

25214 

35356 

27956 

38096 

.5 

34697 

37457 

25522 

85801 

28282 

38561 

75 

35139 

37917 

25832 

86250 

28611 

39028 

.5 

355S2 

38379 

26144 

36701 

28942 

39498 

76 

36029 

38844 

26458 

37156 

29174 

39970 

.5 

36479 

39313 

26774 

87613 

29608 

40446 

77 

36931 

39783 

27092 

88072 

29944 

40924 

.5 

37386 

40257 

27411 

88535 

30282 

41405 

78 

37844 

40733 

27733 

89000 

30622 

41889 

.5 

38305 

41213 

28056 

39468 

30964 

42375 

79 

38783 

41694 

28381 

39939 

31307 

42865 

.5 

39235  . 

42179 

28708 

40413, 

31653 

43357 

80 

39704 

42667 

29037 

40889 

32000 

43852 

81 

40650 

43650 

29700 

41850 

32700 

44850 

82 

41607 

44644 

80370 

42822 

3^407 

45859 

83 

42576 

45650 

31048 

43S06 

34122 

46880 

84 

43555 

46667 

31733 

44800 

34844 

47911 

85 

44546 

47694 

32426 

45806 

35574 

48954 

86 

46648 

48733 

33126 

46822 

86311 

50008 

87 

46561 

49783 

33833 

47850 

87056 

61072 

88 

47585 

50844 

34548 

48889 

37807 

52148 

89 

48620 

61917 

35270 

49939 

38567 

63235 

90 

49667 

53000 

36000 

51000 

39333 

64333 

91 

50724 

54094 

36737 

52072 

40107 

55443 

92 

51793 

65200 

37481 

53156 

40889 

66563 

93 

62872 

66317 

38233 

64250 

41678 

57694 

94 

.63963 

67444 

38993 

55356 

42474 

68837 

95 

55065 

68583 

39759 

56472 

43278 

£9390 

96 

56178 

69733 

40633 

67600 

44089 

61155 

97 

67302 

60894 

41316 

58739 

44907 

62331 

98 

58437 

62067 

42T04 

69889 

45733 

63518 

99 

59583 

63250 

42900 

61050 

46567 

64716 

100 

60741 

64444 

43704 

62222 

47407 

65926 

— —    v.  * 
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Table  *, 

Of  Cubic  Yards  in  a  100-foot  station  of  level  cutting  or  filling,  to  be  added  to,  or  sub- 
tracted from,  the  quantities  in  the  preceding  seven  tables,  in  case  the  excava* 
tlontf  or  embankments  should  be  increased  or  diminished  2  feet  in  width. 


Cnbio  Yards  in  a 

Length  of  100  feet ;  breadth  2  feet;  and  of  different  depths. 

Height  or 

Depth 

in  Feet. 

Cubic 
Yards. 

Height  or 

Depth 

in  Feet. 

Cnbio 
Yards. 

Height  or 

Depth 

in  Feet. 

Cnbio 
Yards. 

Height  or 

Depth 

in  Feet. 

Cnbio 
Yards. 

Height  or 

Depth 

in  Feet. 

Coble 
Yards. 

.5 

3.70 

.5 

152 

.5 

300 

.5 

448 

.6 

596 

1 

7.41 

21 

156 

41 

304 

61 

452 

81 

600 

.5 

ll.l 

.5 

159 

.5 

307 

.5 

456 

.5 

604 

2 

14.8 

22 

163 

42 

311 

62 

459 

82 

607 

.5 

18.5 

& 

167 

.5 

315 

.5 

463 

.5 

611 

3 

22.2 

23 

170 

43 

319 

63 

467 

83 

615 

.5 

25.9 

.5 

174 

.5 

322 

.5 

470 

.5 

619 

4 

29.6 

24 

178 

44 

326 

64 

474 

84 

022 

.5 

33.3 

.5 

181 

.5 

830 

A 

478 

Jb 

626 

5 

37.0 

25 

185 

45 

333 

65 

481 

85 

630 

.5 

40.7 

J5 

189 

.5 

337 

.5 

485 

.5 

633 

6 

44.4 

26 

193 

46 

341 

66 

489 

86 

637 

.5 

48.1 

.5 

196 

.5 

344 

.5 

493 

Jb 

641 

7 

51.9 

27 

200 

47 

348 

67 

496 

87 

644 

.5 

55.6 

.5 

204 

.5 

352 

.5 

500 

.5 

648 

8 

59.3 

28 

207 

48 

856 

68 

504 

88 

652 

.5 

63.0 

.5 

211 

.5 

359 

.5 

507 

.5 

656 

9 

66.7 

29 

215 

49 

363 

69 

611 

89 

659 

.6 

70.4 

.5 

219 

.5 

307 

.5 

615 

.5 

663 

10 

741 

30 

222 

50 

370 

70 

619 

90 

667 

.5 

77.8 

.5 

226 

.5 

374 

.5 

622 

Jb 

670 

11 

81.5 

31 

230 

51 

378 

71 

626 

91 

674 

.5 

85  2 

.5 

233 

.5 

381 

.5 

630 

Jb 

678 

12 

88.9 

32 

237 

62 

385 

72 

633 

92 

681 

.5 

92.C 

.5 

241 

.5 

389 

.5 

637 

.5 

685 

13 

96.3 

33 

244 

63 

893 

73 

641 

93 

689 

.5 

100 

.5 

248 

.5 

396 

.5 

644 

.5 

693 

14 

101 

34 

252 

54 

400 

74 

548 

94 

696 

.5 

107 

.5 

256 

.5 

404 

.5 

552 

.5 

700 

15 

111 

35 

259 

55 

407 

75 

556 

95 

704 

.5 

115 

.5 

263 

.5 

411 

.5 

659 

.5 

707 

16 

119 

36 

267 

56 

415 

76 

663 

96 

711 

.5 

122 

.5 

270 

.5 

419 

.6 

667 

Jb 

716 

17 

126 

37 

274 

67 

422 

77 

670 

97 

719 

.5 

130 

.5 

278 

.5 

426 

.5 

674 

.5 

722 

18 

133 

38 

281 

58 

430 

78 

678 

98 

726 

.5 

137 

.5 

285 

.5 

433 

.5 

581 

.5 

730 

19 

141 

39 

289 

59 

437 

79 

585 

99 

733 

.5 

144 

.5 

293 

.5 

441 

.5 

589 

.5 

737 

20 

148 

40 

296 

60 

444 

80 

693 

100 

741 

Remark.  The  foregoing  tables  of  level  cuttings  may  also  be 
used  for  widths  of  roadway  greater  than  those  at  the  heads 
of  the  tables.  Thus,  suppose  we  wish  to  use  Table  1,  for  a  roadbed  m  n,  16  ft 
wide,  instead  of  c  6,  which  is  only  14  ft,  and  for  which  the  table  was  calculated.  It 
is  only  necessary  first  to  find  the  vert  dist  *  a,  between  these  two  roadbeds ;  and  to 
add  it  mentally  to  each  height  t  s,  of  the  given  embkt,  when  taking  out  from  the 

a 
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table  the  numbers  of  cub  yds  corresponding  to  the  heights.  By  this  means  we  obtain 
the  contents  of  the  embkt  c  b  op,  for  any  required  dist.  Next,  from  these  contents 
subtract  that  corresponding  to  the  height  s  a,  for  the  same  dist.  The  remainder  will 
plainly  be  the  embkt  tnnopt 

In  practice  it  will  be  sufficiently  correct  to  take  sa  to  the  nearest  teuth  of  a 
foot,  which  will  save  trouble  in  adding  it  mentally  to  the  heights  in  the  tables. 

If  tne  roadbed  is  narrower  than  the  table,  as,  for  instance,  if  mn  be 
the  width  in  the  table,  but.  we  wish  to  find  the  contents  for  the  width  eo,  then 
first  find  sa,  and  calculate  the  cubic  yards  in  100  feet  length  of  cbmn.  Then, 
in  taking  out  the  cubic  yards  from  the  table,  first  subtract* a  mentally  from 
each  height;  and  to  the  cubic  yards  taken  out  for  each  100  feet,  opposite  this 
reduced  height,  add  the  cubic  yards  in  100  feet  of  cbmn. 


To  awoid  trouble  with  contractors  about  the  measurement  of  rock 
cuts,  stipulate  in  the  contract,  either  that  it  shall  conform  with  the  theoretical 
cross  section;  or  that  an  extra  allowance  of  say  about  2  feet  of  width  of  cut 
will  be  made,  to  cover  the  uuavoidable  irregularities  of  the  sides. 

Shrinkage  of  Embankment  Although  earth,  when  first  dug,  and 
loosely  thrown  out,  swells  about  \  part,  so  that  a  cubic  yard  in  place  averages 
about  1$  or  1.2  cubic  yards  when  dug:  or  1  cubic  yard  out;  is  equal  to  J,  or  to 
.8333  of  a  cubic  yard  in  place;  yet  when  made  into  embankment  it  gradually 
subsides,  settles,  or  shrinks,  into  a  less  bulk  than  it  occupied  before  being  dug. 

The  following  are  approximate  averages  of  the  shrinkage;  or,  in  other  words, 
the  earth  measured  in  place  in  a  cut,  will,  when  made  into  embankment, occupy 
a  bulk  less  than  before  by  about  the  following  proportions: 

Gravel  or  sand about   8  per  ct;  or  1  in  12%  less. 

Clay u      10  per  ct ;  or  1  in  10     less. 

Loam "      12  per  ct ;  or  1  in   81^  less. 

Loose  vegetable  surface  soil "      15  per  ct;  or  1  in   <3>%  less. 

Puddled  clay M     25  per  ct ;  or  1  in   4     less. 

The  writer  thinks,  from  some  trials  of  his  own,  that  1  cubic  yard  of  any  hard 
rock  in  place,  will  make  from  1%  to  1%  cubic  yards  of  embankment;  say  on  an 
average  1.7  cubic  yards.  Or  that  1  cubic  yard  of  rock  embankment  requires 
.5882  of  a  cubic  yard  in  place.  He  found  that  a  solid  cubic  yard  when  broken 
into  fragments,  made  about  as  follows  (see  p  678): 


Cubic 
yards. 

In  loose  heap. 1.9 

Carelessly  piled 1.75 

Carefully  piled 1.6 

Rubble,  very  carelessly  scabhled 1.5 

Bubble,  somewhat  carefully  scabbled .....  1.25 


Of  which  there  were 


Solid 

52.6  per  cent. 
57  " 

63  " 

67  u 

80  u 


Voids 

47.4  percent. 
43        M 
37        w 

33        » 
20        tt 


For  trestles,  see  p  755. 

For  culverts  and  stone  bridges,  see  pp  693,  Ac. 
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COST  OF  EAETHWORK. 


Art.  1*  It  is  advisable  to  pay  for  this  kind  of  work  by  the  oubie  yard  of  excavation  only ;  in- 
■tead  of  allowing  separate  prioes  for  exoavation  and  embankment.  By  this  means  we  get  rid  of  tat 
difficulty  of  measurements,  as  well  as  the  controversies  and  lawsuits  wbieb  often  attend  the  deter- 
mination of  the  allowance  to  be  made  for  the  settlement  or  subsidence  of  the  embankments. 

It  is,  moreover,  our  opinion  that  justice  to  the  eon  tractor  should  lead  to  the  Eaaff  Mall  prac- 
tice of  paying  the  laborers  by  the  cubic  yard,  instead  or  by  ute  day. 

»  fully  proves  that  when  laborers  are  scarce  and  wages  high,  men  can  scarcely  be  depended 


■xpertence  fully  proves  that  when  laborers  are  scarce  and  wages  high,  men  can  scarcely  ' 

upon  to  do  three- fourths  of  the  work  which  tbey  readily  aoconiptiah  when  wage*  are  low, 

fresh  hands  are  waiting  to  be  hired  in  oase  any  are  discharged.  The  contractor  is  thus  placed  at  the 
mercy  of  bis  men.  The  writer  has  known  the  most  satisfactory  results  to  attend  a  system  of  task- 
work, accompanied  by  liberal  premiums  for  all  overwork.  By  this  means  the  interests  of  the  laborers 
are  identified  with  that  of  the  contractor ;  and  every  man  takes  care  that  the  others  shall  do  their 
fair  share  of  the  task. 

Bllwood  Morris,  C  E,  of  Philadelphia,  was,  we  believe,  the  first  person  who  properly  in*— llgitnl 
the  elements  of  cost  of  earthwork,  and  reduced  them  to  such  a  form  as  to  enable  as  to  calculate  tkc 
total  with  a  considerable  degree  of  accuracy.  He  published  his  results  in  the  Journal  of  the  PrankBa 
Institute  in  1841.  His  paper  forms  the  basis  on  which,  with  some  variations,  we  shall  consider  the 
matter ;  and  on  which  we  shall  extend  it  to  wheelbarrows,  as  well  as  to  earts.  Throughout  this  paper 
we  speak  of  a  cubic  yard  considered  only  as  solid  in  its  place,  or  before  it  is  loosened  for  removal.  It 
is  scarcely  necessary  to  add  that  the  various  items  can  of  course  only  be  regarded  as  tolerably  dose 
approximations,  or  averages.  As  before  stated,  the  men  do  less  work  when  wages  are  high ;  and  more 
when  tbey  are  low.  A  great  deal  besides  depends  on  the  skill,  observation,  and  energy  of  the  cos- 
tractor  and  his  superintendents.  It  is  no  unusual  thing  to  see  two  contractors  working  at  the  same 
prices,  In  precisely  similar  material,  where  one  is  making  money,  and  the  other  losing  it,  from  a  want 
of  tact  In  the  proper  distribution  of  his  forces,  keeping  bis  roads  in  order,  having  bis  earts  and  bar- 
rows well  filled,  Ac,  Ac.  Uncommonly  long  spells  of  wet  weather  may  seriously  affect  the  cost  of  exe- 
cuting earthwork,  by  making  it  more  difficult  to  loosen,  load,  or  empty ;  besides  keeping  the  road*  in 
bad  order  for  hanliug. 


The  aggregate  cost  of  excavating  and  removing  earth  Is  made  up  by  the  following  items,  namely: 
1st.    Loosening  the  earth  ready  for  the  shovellers. 
2d.    Loading  it  by  shovels  into  the  carts  or  barrows. 
JWL     Hauling,  or  wheeling  it  away,  including  emptying  and  returning. 
4th.  Spreading  it  out  into  successive  layers  on  the  embankment. 

5th.  Keeping  the  hauUng-road  for  carts,  or  the  plank  gangways  for  barrows,  its  good  order. 
8th.  Wear,  sharpening,  depreciation,  and  interest  on  cost  of  tools. 
7th.  Superintendence,  and  water- carriers. 
8th.  Profit  to  the  contractor. 


We  will  cousider  these  items  a  little  in  detail,  basing  our  calculations  on  the  assumption  that  i 
mon  labor  costs  $1  per  day,  of  10  working  hours.  The  results  in  our  tables  must  therefore  be 
creased  or  diminished  iu  about  the  same  proportion  as  common  labor  costs  more  or  less  than  this. 

Art.  2.    l.o©seiiin*r  the  earth  ready  for  the  shovellers.   This  is 

generally  done  either  by  ploughs  or  l>y  picks ;  more  cheaply  by  the  first.  A  plough  with  two  horses, 
and  two  men  to  manage  them,  at  $1  per  day  for  labor,  76  cents  per  day  for  each  horse,  and  17  cents 
per  day  for  plough,  including  harness,  wear,  repairs.  Ac.  or  a  total  of  $8.87,  will  loosen,  of  Strang 
heavy  soils,  from  200  to  300  cubic  yards  a  day,  at  from  1.93  to  1.29  cents  per  yard;  or  of  ordinary 
loam,  from  400  to  600  cubic  yards  a  day,  at  from  .97  to  .64  of  a  cent  per  yard.  Therefore,  as  an  ordi- 
nary average,  we  may  assume  the  actual  cost  to  the  contractor  for  loosening  by  the  plough,  as  fal- 
lows: strong  heavy  soils,  1.6  cents  ;  common  loam,  .8  cent;  light  Bandy  soils,  .4  cent.  Very  stiff  pare 
clay,  or  obstinate  cemented  gravel,  may  be  set  down  at  2.5  cents ;  they  require  three  or  four  horse*. 
By  the  pick,  a  fair  day's  work  is  about  14  yards  of  stiff  pure  day.  or  of  cemented  gravel ;  IS  yards 
of  strong  beavv  soils:  40  yards  of  common  loam;  60  yards  of  light  sandy  soils  — all  measured  In 
place ;  which,  at  $1  per  day  for  labor,  gives,  for  stiff  day,  7  cents ;  heavy  soils,  4  rents :  loam,  2-5 
cents;  light  sandy  soil,  1.666  oents.  Pure  sand  requires  but  very  little  labor  for  loosening;  .5  of  a 
oent  will  cover  It. 

Art.  3.    Shovelling:  the  loosened  earth  intm 

shovelled  per  d&y  depends  partly  upon  the  weight  of  the  material,  but  more  upon  so 
the  number  of  pickers  and  of  carts  to  that  of  shovellers,  as  not  to  keep  the  latter  waiting' fori 
material  or  carts.  In  fairlv  regulated  gangs,  the  shovellers  into  earts  are  not  actually  engaged  in 
shovelling  for  more  than  six-tenths  of  their  time,  thus  being  unoccupied  but  four-tenths  of  it;  while, 
under  bad  management,  they  lose  considerably  more  than  one-half  of  It.  A  shoveller  ean  readily 
load  into  a  oart  one-third  of  a  cubio  yard  measured  in  place  (and  which  is  an  average  working  cart- 
load), of  sandy  soil,  in  five  minutes ;  of  loam,  in  six  minutes:  and  of  any  of  the  heavy  soils,  in  seven 
minutes.  This  would  give,  for  a  day  of  10  working  hours,  120  loads,  or  40  cubic  yards  of  light  sandy 
soil ;  100  loads,  or  SSJf  cubic  yards  of  loam :  or  86  loads,  or  28.7  yards  of  the  heavy  soils.  But  from 
these  amounts  we  must  deduot  four-tenths  for  time  necessarily  lost;  thus  reducing  the  actual  work- 
ing quantities  to  24  yards  of  light  sandy  soil,  20 yards  of  loam,  17.2  yards  of  the  heavy  soils.  When 
the  shovellers  do  less  than  this,  there  is  some  mismanagement. 

Assuming  these  as  fair  quantities,  then,  at  $1  per  day  for  labor,  the  actual  cost  to  the  contractor 
for  shovelling  per  cubic  yard  measured  in  place,  will  be,  for  sandy  soils,  4.167  cents;  foam.  5  cents: 
heavy  soils,  clays,  Ac,  5.81  cents. 

In  practice,  the  carts  are  not  usually  loaded  to  any  less  extent  with  the  heavier  soils  than  with  the 
lighter  ones.  Nor.  indeed,  is  there  any  necessity  for  so  doing,  inasmuch  as  the  difference  of  weight 
of  a  cart  and  one- third  of  a  cubic  yard  of  the  various  soils  is  too  slight  to  need  any  attention ;  espe- 
cially when  the  cart-road  is  kept  in  good  order,  as  it  will  be  by  any  contractor  who  understands  Us 


COST  OF  EARTHWORK.  743 

own  interact.  Neither  is  it  necessary  to  modify  the  load  on  aoooont  of  any  flight  incHnaUon*  whioh 
may  occur  in  the  grading  of  roads.    An  earth-cart  weighs  by  itself  about  H  a  ton. 

Art.  4.    Hauling,  away  the  earth;  damping;,  or  emptying-; 

and  returning*  tO  reload.  The  average  speed  of  horses  in  hauling  is  about  2%  miles 
per  hour,  or  200  feet  per  minute ;  which  is  equal  to  100  feet  of  trip  each  way  ;  or  to  100  feet  of  lead, 
as  the  distance  to  which  the  earth  i*  hauled  is  technically  called.*  Besides  this,  there  is  a  loss  of 
about  four  minutes  in  every  trip,  whether  long  or  short,  in  waiting  to  load,  dumping,  turning,  4o. 
Hence,  every  trip  will  occupy  as  many  minutes  as  there  are  lengths  of  100  feet  each  in  the  lead;  and 
four  minute's  besides.  Therefore,  to  find  the  number  of  trips  per  day  over  any  given  average  lead,  we 
divide  the  number  of  minutes  in  a  working  day  by  the  sum  of  4  added  to  the  number  of  100  feet 
lengths  contained  in  the  distance  to  which  the  earth  has  to  be  removed ;  that  Is, 

The  number  ((WO)  of  minutes  in  a  working  day  _  the  number  of  tript,  or  load* 
4  +■  the  number  of  100  /est  length*  in  the  lead  ~  removed  per  day,  per  cart. 

And  since  Ji  of  a  cubic  yard  measured  before  being  loosened,  makes  an  average  ear t< toad,  the  num- 
ber of  loads,  divided  bv  3,  will  give  the  number  of  cubio  yards  removed  per  day  by  each  cart;  and 
the  eubie  yards  divided  into  the  total  expense  of  a  cart  per  day,  will  give  the  cost  per  cubic  yard  for 
hauling. 
Rsmasx.    When  removing  loose  rock,  which  requires  more  time  for  loading,  say, 

No.  of  minute*  /600)  in  a  working  day       No>  o/  toa<to  ^o,^ 
6  +•  No.  of  lW-feet  length*  of  lead  P*r  day,  per  cart. 

In  lead's  of  ordinary  length  one  driver  can  attend  to  4  carts ;  whioh,  at  $1  per  day,  is  25  cents  per 
cart.  When  labor  is  $1  per  day,  the  expense  of  a  horse  is  usually  about  75  cents :  and  that  of  the 
cart,  including  harness,  tar,  repairs,  Ac,  25  eeuts,  making  the  total  daily  cost  per  oart  $1.25.  The 
expense  of  the  horse  is  the  same  on  Sundays  and  on  rainy  days,  as  when  at  work :  and  this  consid- 
eration is  included  in  the  75  cents.  Some  contractors  employ  a  greater  number  of  drivers,  who  also 
help  to  load  the  carts,  so  that  the  expense  is  about  the  same  in  either  case. 

Example.  How  many  cubic  yards  of  loam,  measured  in  the  out.  oan  be  hauled  by  a  horse  and  oart 
in  a  day  of  10  working  hours,  (800  minutes,)  the  lead,  or  length  of  haul  or  earth  being  1000  feet,  (or 
10  lengths  of  100  feet.)  and  what  will  be  the  expense  to  the  contractor  for  hauling,  per  cubic  yard, 
assuming  the  total  cost  of  oart,  horse,  and  driver,  at  $1,257 

_  600  minute*  _««>_,.,  i3  load* 

"<"'  4+11  length*  of  100  feet,  =    U  "  tt  ****•       *"  "s"  =  14S  ""■  »ar*' 

.    .      125 cent*         ... 

And   — — . — —  =  8.74  cent*  per  cubic  yard. 

14.3  cmo  yd* 

In  this  manner  the  2d  and  3d  columns  of  the  following  tables  have  been  calculated. 

Art.  5.  Spreading*,  or  levelling*  off  the  earth  into  regular 
thin  layers  on  the  embankment,   a  bankman  win  spread  from  so  to  100  cubic 

yards  of  either  common  loam,  or  any  of  the  heavier  soils,  clays,  &c,  depending  on  their  dryness. 
This,  at  $1  per  day,  is  1  to  2  cents  per  cubio  yard ;  and  we  may  assume  \%  cents  as  a  fair  average 
for  such  soils ;  while  1  cent  will  suffice  for  light  sandy  soils. 

This  expense  for  spreading  is  saved  when  the  earth  is  either  dumped  over  the  end  of  the  embank- 
meat,  or  is  wasted;  still,- about  %  cent  per  yard  should  be  allowed  in  either  oase  for  keeping  the 
dumping-places  olear  and  in  order. 

Art.  6.  Keep! use  the  cart-road  in  good  order  for  hapling. 

No  ruts  or  pnddles  should  be  nllowed  to  remain  unfilled:  rain  should  at  ouoc  be  led  off  by  shallow 
ditches ;  and  the  road  be  carefully  kept  in  good  order;  otherwise  the  labor  of  the  horses,  and  the  wear 
of  carts,  will  be  very  greatly  increased.    It  is  usual  to  allow  so  much  per  cubio  yard  for  road  repairs; 

but  we  suggest  so  much  per  cubio  yard,  per  100  feet  of  lead ;  say  J» of  a  cent. 

Art.  7.  Wear,  sharpening,  and  depreciation  of  picks  and 

ShOTelS.    Experience  shows  that  about  M  of  a  ceut  per  cubic  yard  will  cover  this  item. 

Superintendence  and  water-carriers.   These  expenses  win  vary  with 

local  cireumstanoes ;  but  we  agree  with  Mr.  Morris,  that  1 34  cents  per  cubic  yard  will,  under  ordinary 
circumstances,  cover  both  of  them.    An  allowance  of  about  %  cent  may  in  justice  be  added  for  extra 
trouble  in  digging  the  side-ditches;  levelling  off  the  bottom  of  the  out  to  grade ;  and  general  trimming 
up.    In  very  light  cuttings  this  may  be  inoreased  to  %  cent  per  oubic  yard. 
At  34  cent,  all  the  items  in  this  article  amount  to  2  cents  per  oubic  yard  of  cut. 

Art.  9.  Profit  tO  the  Contractor.'  This  may  generally  be  set  down  at  from  6  to 
15  per  oent,  according  to  the  magnitude  of  the  work,  the  risks  incurred,  and  various  Incidental  cir- 
ounwtanoes.  Out  of  this  item  the  contractor  generally  has  to  pay  clerks,  storekeepers,  and  other 
agents,  as  well  as  the  expenses  of  shanties,  Ao ;  although  these  are  in  most  oases  repaid  by  the  profits 
of  the  stores;  and  by  the  rates  of  boarding  and  lodging  paid  to  the  contractors  by  the  laborers. 

Art.  9.  A  knowledge  of  the  foregoing  items  enables  ns  to 
calculate  with  tolerable  accuracy  the  cost  of  removing  earth. 

For  example,  let  it  be  required  to  asoertain  the  cost  per  oubic  yard  of  excavating  common  loam,  meas- 
ured in  place ;  and  of  removing  it  into  embankment,  with  an  average  haul  or  lead  of  1000  feet ;  the 
wages  of  laborers  being  $1  per  day  of  10  working  hours ;  a  horse  75  ots  a  day ;  and  a  oart  25  cts.  One 
driver  to  fonr  oarts. 

-ft  When  an  entire  out  is  made  into  an  embankment,  the  mean  lia.nl  is  the  dist  between  centers 
of  gravity  of  the  out  and  embkt. 
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EZt  How  many  oubio  yard*  of  common  loam,  measured  in  place,  will  one  man  load,  wheel, 
and  empty,  per  day  of  10  working  bourn,  (or  600  minutes :)  the  lead,  or  distance  to  which  the  earth  la 
removed  being  1000  feet,  (or*10  lengths  of  100  feet ;)  and  what  will  be  the  expense  per  yard,  supposing 
the  laborer  and  barrow  to  cost  $1.05  per  day  ? 

_         600  minutes  X  .9  540  . 

Here,  r^r ,  -inr,ir_.r:  =  ttz*  =  *8  *»"£>•»  <*  load* P«r  day . 


1.25-1-  i0  lengths        11.25 


48 


And  —  =  3.43  cub  yds  per  day.     And 


105  cent* 


=  30.6  cents 


3.43  cub  yd* 

per  cab  yard  for  loading,  wheeling  away,  emptying,  and  returning.  This  would  be  Increased  almost 
inappreciably  by  the  cost  of  the  shovel,  which,  in  the  following  tables,  however,  is  included  in  the 
cost  of  tools. 

Hem*  For  rock,  which  requires  more  time  for  loading,  say 

No  of  minute*  in  a  working  day  X  .9    _  Ko  of  load*  removed 
1.6  -f  No  of  100- feet  length*  of  lead     ~~  per  day,  per  barrow. 

Art.  11.  The  following  tables  are  calculated  as  in  the  ease  of  carts,  by  first  finding  ooinaws  1 
and  3  by  means  of  the  Rule  in  Art  10, and  then  adding  to  each  sum  in  column  S,  the  variable  quantity 
of .  1  of  a  cent  per  cubic  yard  per  100  feet  of  lead  for  keeping  the  wheeling- planks  in  order ;  and  the 
prices  of  loosening,  spreading,  superintendence,  water-carrying,  Ac,  per  cubic  yard,  as  given  in  the 
preceding  Articles  2  to  7. 

By  Wheelbarrows.      Labor  $1  per  day,  of  lO  working  hon 
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2200 

2400 

yi  mile. 
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£m 

•S-3 

0. 

g  ►. 

si 

2  *» 

f! 

&« 

M 

at  m 

°  k 

l»>fl 

fi> 

of  an 
and 

UTOW. 

a  ft 

umber 
loaded, 
each  bi 

u  to 

33 

K 

o 

Cu.Yds. 

Ct*. 

25.7 

4.09 

22.1 

4.75 

19.S 

5.44 

17.1 

6.14 

14.0 

7.50 

11.9 

8.82 

10.8 

10.2 

9.07 

11.6 

8.14 

12.9 

7.86 

14.3 

6.71 

15.6 

6.17 

17.0 

5.82 

19.7 

4.67 

22.5 

4.17 

25.2 

3.76 

27.9 

8.48 

80.6 

2.91 

86.  r 

2.53 

41.5 

2.24 

46.9 

2.00 

52.5 

1.81 

58.0 

1.66 

63.3 

1.53 

68.6 

1.89 

75.5 

Common  Loam. 


TOTAL  COST  PER  CUBIC 
YARD,  EXCLUSIVE  OP 
PROFIT  TO  CONTRACTOR. 


A 


3.1, 

r  "ft 


Cts. 

10.12 
10.80 
11.52 
12.24 
13.65 
15.02 
16.45 
17.90 
19.25 
20.70 
22.05 
23.50 
26.80 
29.20 
82.00 
84.80 
87.60 
43.30 
48.90 
54.50 
60.80 
66.00 
71.50 
77.00 
84.14 


Picked 

and 

Wasted. 

Ploughed ' 

and 
Spread. 

Cts. 

Cts. 

8.87 

8.42 

9.55 

9.10 

10.27 

9.82 

10.99 

10.54 

12.40 

11.95 

13.77 

13.82 

15.20 

14.75 

16.65 

16.20 

18.00 

17.55 

19.45 

19.00 

20.80 

20.35 

22.25 

21.80 

25.05 

24.60 

27.95 

27.50 

80.75 

80.80 

83.55 

83.10 

86.85 

85.90 

42.05 

41.60 

47.65 

47.20 

58.45 

52.80 

59.05 

68.60 

64.75 

64.80 

70.25 

68.80 

75.75 

75.80 

82.8V 

82.44 

• 


1 


*1 


Cts. 

7.17 
7.85 
8.57 
9.29 
10.70 
12.07 
18.50 
14.95 
16.80 
17.75 
19.10 
20.65 
23.35 
26.25 
29.05 
31.85 
84.65 
40.35 
45.95 
51.55 
57.35 
68.05 
68.55 
74.05 
81.19 


Strong,  Heavy  8oiU. 


TOTAL  COST  PER  CUBIC 
YARD,  EXCLUSIVE  OP 
PROFIT  TO  CONTRACTOR. 


rift 


0Q 


Cts. 

11.62 
12.80 
13.02 
13.74 
15.15 
16.62 
17.95 
19.40 
20.75 
22.20 
23.55 
25.00 
27.80 
80.70 
88.50 
86.80 
89.10 
44.80 
5a  40 
56.00 
61.80 
67.50 
78.00 
78.50 
85.64 


•    "8 


Cts. 

10.87 
11.05 
11.77 
12.49 
13.90 
15.27 
16.70 
18.15 
19.60 
20.95 
22.80 
28.75 
26.55 
29.45 
82  25 
85.05 
87.85 
43.55 
49.15 
54.75 
60.65 
•6.25 
71.75 
77.25 
84.89 


*    "2 
Sat 


Cts. 

9.12 
9.80 
10.52 
11.24 
12.65 
14.02 
15  45 
16.90 
18.25 
19.70 
21.05 
22.50 
25.30 
28.20 
81.00 
33.80 
86.60 
42.80 
47.90 
53.50 
69.80 
65.00 
70.60 
76.00 
8S.14 


I3*8 


Cu. 

T.87 

8.55 

•.27 

9.» 

11.40 

12.TT 

14.20 

16  65 

1T.00 

18.45 

19.80 

21.25 

S4.06 


29.76 
32J6 

35.36 
41.05 
46.66 
62.26 
68.06 
63.75 
•9.26 
74.75 
81.89 
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By  Wbeelbarrows.     Labor  $1  per  day, 

,  4»f  10  working1  kern 

2 

in  place, 
per   day; 

place,  for 
emptying. 

Pure  Stiff  day,  or  de- 
mented Gravel. 

Light  Sandy  Soils. 

si 

3| 

TOTAL    COST     PER 

CUBIC 

TOTAL    COST     PBR    CUBIC 

YARD,     EXCLUSIVE     OF 

YARD,     EXCLUSIVE     OF 

■  a> 

.2* 

PROFIT  TO  CONTRACTOR. 

PROFIT  TO  CONTRACTOR. 

Number  of  oub 
loaded,   and 
each  barrow. 

Cost  per  cable 
loading,  wheel 

O 

e 

Picked 
and 

Spread. 

Pioked 

aud 
Wasted. 

Ploughed 
and 

Spread. 

Ploughed 

and 
Wasted. 

Picked 
and 

Spread. 

Picked 

and 
Wasted. 

Ploughed 

and 
Spread. 

™sa 

s  * 

Feet. 

Cu.Yd*. 

Cts. 

Cts. 

Cts. 

Cts. 

.  Cts. 

Cts. 

Cts. 

Cts. 

Cts. 

23 

25.7 

4.09 

14.62 

13.37 

10.12 

8.87 

8.79 

8.04 

7.52 

6.7T 

60 

22.1 

4.75 

16.30 

14.05 

10.80 

9.55 

9.47 

8.72 

8.20 

T.4* 

75 

19.3 

644 

16.02 

14.77- 

11.52 

10.27 

10.19 

9.44 

8.92 

8.17 

100 

17.1 

6.14 

16.74 

15.49 

12.24 

10.99 

10.91 

10.16 

9.64 

8.89 

ISO 

14.0 

7.50 

18.15 

16.99 

13.65 

12.40 

12.32 

11.57 

11.05 

10.30 

200 

11.9 

8.82 

19.62 

18.27 

15.02 

13.77 

13.69 

124*4 

12.42 

1147 

250 

10.3 

10.2 

20.95 

19.70 

16.45 

15.20 

15.12 

14.37 

13.85 

13.10 

300 

9.07 

11.6 

22.40 

21.15 

17.90 

16.65 

16.57 

15.82 

15.30 

14.65 

550 

8.14 

12.9 

23.75 

22.50 

19.25 

18.00 

17.92 

17.17 

16.65 

15.90 

400 

7.36 

14.3 

25.20 

23.95 

W.70 

19.45 

19.37 

18.62 

18.10 

17.36 

460 

6.71 

15.6 

26.55 

25.30 

22.05 

20.80 

20.72 

19.9T 

19.46 

18.70 

600 

6.17 

17.0 

28.00 

26.75 

23.50 

22.25 

22.17 

21.42 

20.90 

20.15 

600 

5.32 

19.7 

80.80 

29.56 

26.30 

25.05 

24.97 

24.22 

23.70 

22.96 

700 

4.67 

22.5 

33.70 

32.46 

29.20 

27.95 

27.87 

27.12 

26.60 

25.86 

800 

4.17 

25.2 

36.50 

35.26 

32.00 

30.75 

30.67 

29.92 

29.40 

38.66 

900 

3.76 

27.9 

39.30 

38.06 

34.80 

33.55 

33.47 

32.72 

32.20 

SI  .46 

1000 

3.43 

30.6 

42.10 

40.86 

87.60 

36.35 

36.27 

36.52 

36.00 

84.25 

1200 

2.91 

36.1 

47.80 

46.55 

43.30 

42  05 

41.97 

41.22 

40.79 

89.99 

1400 

2.53 

41.5 

53.40 

52.15 

48.90 

47.65 

47  57 

46.82 

46.30 

45.66 

1600 

2.24 

46.9 

59.00 

57.75 

54.50 

53.25 

58.17 

62.42 

61.90 

61.15 

MOO 

2.00 

52.5 

64  80 

63.55 

60.30 

59.05 

58.97 

68.22 

57.70 

66.96 

2000 

1.81 

58.0 

70.50 

69.25 

66.00 

64.75 

64.67 

63.92 

63.40 

62.66 

2200 

1.66 

63.3 

76.00 

74.75 

71.50 

70.25 

70  17 

69.42 

68.9(1 

68.15 

2400 

1.53 

68.6 

81.50 

80.25 

77.00 

75.75 

75.67 

74.92 

74.40 

73.66 

%  mile. 

1.39 

75.6 

88.64 

87.39 

84.14 

82.89 

82.81 

82.06 

81.51 

60.79 

Art.  1«.  By  wheeled  scrapers  and  drag  scrapers.  The  body 
of  the  wheeled  scraper  is  a  box  of  smooth  sheet-steel  about  S\4  ft  square  by  15  ins 
deep,  containing  about  \^  cubic  yard  of  earth  when  "  even  full."  The  box  is  open 
in  front  (in  some  machines  it  is  closed  by  an  "  end  gate  "  when  full),  and  can  be  raised 
and  lowered,  and  revolved  on  a  horizontal  axis.  To  fill  the  box,  it  is  lowered  into, 
and  held  down  in;  the  earth,  while  the  team  draws  the  machine  forward.  When  full, 
it  is  raised  to  about  a  foot  above  ground ;  and,  on  reaching  the  dump,  is  unloaded  by 
being  overturned  on  its  axis.  All  the  movements  of  the  box  are  made  by  means  of 
levers,  and  without  stopping  the  team,  which  thus  travels  constantly.  The  wheels 
have  broad  tires,  to  prevent  them  from  cutting  into  the  ground.  . 

In  the  drag  scraper  the  box,  owing  to  the  greater  resistance  to  traction,  is  made 
much  smaller.  It  contains  about  .15  to  .25  cubic  yard  in  place,  and  is  always  open  in 
front.  The  operation  of  the  drag  scraper  is  similar  to  that  of  the  wheeled  scraper, 
except  that  the  box,  when  filled,  rests  upon  the  ground  and  is  dragged  over  it  by  the 
team. 

Each  scraper  ("  wheeled  "  or  "  drag  ")  requires  the  constant  use  of  a  team  of  two 
horses  with  a  driver.  Besides,  a  number  of  men,  depending  on  the  shortness  of  the 
lead  and  the  number  of  scrapers,  are  required  in  the  pit  and  at  the  dump  to  load  the 
scrapers  (by  holding  the  box  down  into  the  earth)  and  unload  them  (by  tipping  the 
box).  Except  in  sand,  or  in  very  soft  soil,  it  is  economical  to  use  a  plow  before 
scraping. 

The  severest  work  for  the  team  is  the  filling  of  the  box  ;  and  this  occurs  oftenest 
where  the  lead  is  shortest.  Hence  smaller  scrapers  are  used  on  short  than  on  long 
hauls.    We  base  our  calculations  on  the  following  loads : 

For  drag  scrapers  (used  only  on  short  hauls) 2   cubic  yard 

For  wheeled  scrapers 

lead  less  than  100  feet 33 

"    100  to  300  feet 4 

"    4(X)to500feet .5 

"    over  500  feet .6 
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The  daily  expense  per  scraper,  for  driver's  wages  and  the  use  of  a  2>horse  team,  is 
about  $3.50.  For  leads  of  400  feet  and  over,  we  add  50  cts  per  day  for  use  of  "  snatch 
team  "  to  help  load  the  larger  scrapers  then  used.  One  snatch  team  generally  serves 
a  number  of  scrapers. 

Owing  to  the  fact  that  the  teams  are  constantly  in  motion  without  rest,  they  travel 
somewhat  more  slowly  than  with  carts.  We  take  150  ft  per  minute  (or  75  ft  of  lead 
per  minute)  as  an  average. 

In  loading  and  unloading,  the  teams  not  only  go  out  of  their  way  in  order  to  turn 
around,  but  travel  more  slowly  than  when  simply  hauling.  To  cover  this  we  make 
an  addition  of  25  ft  to  each  length  of  lead,  whether  long  or  short,  for  wheeled  scrap* 
ere ;  and  15  feet  for  drag  scrapers. 

We  add  1  cent  per  cubic  yard  for  the  cost  of  loading  and  dumping  the  scrapers ;  and 
estimate  the  approximate  cost  of  the  other  items  as  follows : 

Bepairs  of  cart-road  &  ct  per  cub  yd  in  place  for  each  100  ft  of  lead 

Light  Soils  Heavy  Soils 

Loosening  cts  per  cub  yd  in  place    cts  per  cub  yd  in  place 

by  pick *   5. 

by  shovel *   2. 

Spreading 1 1.5 

Superintendence,  wear  and  tear  etc. — .  1 1. 

We  repeat  that  our  figures  are  to  be  regarded  merely  as  tolerable  approximations, 
and  subject  to  great  variations  according  to  skill  of  contractor  and  superintendent, 
strength  of  teams,  character  of  material  moved,  state  of  weather  etc  etc 


No.  of  trips  per  day 
per  wheeled  scraper 

No.  of  trips  per  day 
per  drag  scraper 


No.  (6C0)  of  mins  in  a  working  day 
No.  of  75  ft  lengths  in  (lead  +  25  ft) 

No.  (600)  of  mins  in  a  working  day 
No.  of  75  ft  lengths  in  (lead  +  15  ft) 


No.  of  cub  yds  in  place  moved  _  No.  of  trips  per  v  No.  of  cub  yds  in  place, 
per  day  by  each  scraper  day  per  scraper  A      per  scraper  per  trip 

dumping  and  returning       No-  of  cub  J**8  ,n  Place>  moved  and  dumping 


Total  cost  per 
cubic  yard  in 
place  exclusive 
of  contractor's 
profit 


per  day  by  each  scraper 


By  Wbeeled  Scrapers.    Labor  $1  per  day  of  10  working  hours. 


u 

e  u 

r 


Feet 
50 
100 
150 
200 
300 
400 
600 
800 

1000 


i& 

5  MM 

B  0 

_      fa 

-&£ 

*** 

sua  o 

oat   per  cub*  yd 
plaoe,    for    load] 
hauling,     dumpi 
and  returning. 

Cf 

o 

cnb  vds 

cts 

200 

2.8 

140 

8.4 

105 

4.3 

80 

5.4 

56 

7.3 

50 

8.5 

48 

10 

83 

IS 

27 

16 

Total  cost,  per  cubic  yard  la  place,  exclusive  of  contractor's  profit. 


Light  Soils 


Heary  Bolls 


Picked  and 
Spread       Wasted 


Cts 

cts 

10 

8.5 

11 

9.5 

12 

11 

13 

12 

15 

14 

16 

15 

18 

17 

21 

20 

25 

24 

Plowed  and 
Spread         Wasted 


•  Light  soils  can  generally  be  advantageously  loosened  by  the  scrapers  IbemsslTos  in  the  net  of 
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By  Bras  Sera] 

per*. 

Labor  f  1  per  day  of  10  working  hours. 

I3 

i* 

a3 

Total  coat, 

per  coble  yard  in  place,  exclusive  of  contractor's  profit. 

?s 

'la 

5  3  60 

°.s 

• 

•o  • 

If* 

2  a-*3 

2«3 

o  b     "5 

Light  Solla 

Heavy  Solla 

so  * 

*•     wis 
3-333 

• 

Picked  and 

Plowed  aud 

•J 

V 

cts 

Spread 

Wasted 

Spread 

Wasted 

Spread 

Wasted 

Feet 

cub  yds 

%   cts 

cts 

Cts 

cts 

cts 

cts 

less) 

r han  > 

220 

2.6 

4.6 

3.6 

10 

8.5 

7 

5.5 

40  j 

BO 

140 

3.5 

5.5 

4.5 

11 

9.5 

8 

6.5 

75 

100 

4.5 

6.6 

5.6 

12 

11 

9 

8 

100 

80 

5.4 

7.5 

6.5 

13 

12 

10 

9 

150 

54 

7.5 

9.6 

8.6 

15 

14 

12 

11 

200 

42 

9.3 

12. 

11        1      17           16 

14 

13 

Both  wheeled  and  drag  scrapers  are  made  bj  Western  Wheel  Scraper  Co,  Mount 
Pleasant, Iowa;  by  Kilbourne  &  Jacobs  Mfg  Co,  Columbus,  Ohio;  by  Fay  Manufactur- 
ing Co,  Blyria,  Ohio,  and  others.  A  medium-sized  wheeled  scraper,  weighing  450  lbs, 
and  carrying  .4  cubic  yard,  costs  about  from  $50  to  $70.  A  drag  scraper  weighs  about 
100  lbs,  and  costs  about  914. 


Art.  IS.  By  cars  and  locomotive,  on  level  track.  We  have  based  our 
calculations  upon  the  following  assumptions :  Trains  of  10  cars,  each  car  containing  1  % 
cubic  yards  of  earth  measured  in  place.  Average  speed  of  trains,  including  starting 
and  stopping,  but  not  standing,  10  miles  per  hour,  --=  5  miles  of  lead  per  hour.  Labor 
$1  per  day  of  10  working  hours.  Loosening,  loading  (by  shovelers),  spreading,  wear 
Ac  of  tools,  superintendence,  Ac,  the  same  as  with  carts,  Arts  2,  3,  5,  and  7.  Loss  of 
time  in  each  trip  for  loading,  unloading,  Ac,  9  minutes,  =  .15  hour.    Therefore 

Number  of  trips  per  »  _.     The  number  (10)  of  hours  in  a  working  day 

day,  per  train       J        .15  +  the  number  of  5-mile  lengths  in  the  lead 

Number  of  cubic*)  Number  of  Number  (10)  Number  (1.5)  of  cubic 
yards  in  place,  per  >  =  trips  per  day  X  of  cars  in  a  X  yards  in  place  in  each 
day  per  train  )       per  train  train  car 

^lffilinbiCdfiSm1,in  ^amil  =  0ne  dfty'9  tr>1n  exPen8efl  +  l  ***'*  co8t  of  tnM?k 
returning     '  '  f       Number  of  cubic  yards  in  place  per  day  per  train 

One  day's  train  expenses : 

Cost  of  10  cars  @  $100 $1000 

**   locomotive 3000 

$4000 

One  day's  interest  at  6  per  cent,  on  cost  of  train $0.67 

Wages  of  engine  driver  (who  fires  his  own  engine) 2.00 

**       foreman  at  dump , 2.00 

•*       3  men  at  dump  at  $1 3.00 

Fuel 2.00 

Water 1.00 

Repairs  of  locomotive  and  cars 2.33 

Total  daily  expense  of  one  train $13.00 

The  daily  expense  of  track,  for  iutereat  and  repairs,  may  be  taken  at 
$3  for  each  mile,  or  fraction  of  a  mile,  of  lead. 
Therefore, 
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luce.]  tlS  +  jW^each  mile  of  lead) 


Total  oo.t  per  cubic  1        Oat  per  cub  yd  in      Coat  per  cubic 

Sium"^  contiac-  [  ™  dumping,  ud    »+  wasting,  and  i 
lot's  profit  J         turning  (Arte  2,  a,  6,  ai 

By  bn  and  liaeomotlTe.    Labor  SI  per  day  of  1' 


'.si 

Pi 

tBa 


drfdnorileiim  shove  1  jjiwraLSy 

that  the  excavator!  do  Dot  work  to  advantage.  In  stiff  Boila,  Cuttings  may  be  umde 
about  from  17  to  'lii  ft  deep  without  changing  the  Level  of  the  machine.  For  greater 
;lHi>1h.<<  in  Biii'ii  uoiU  I  lit  work  in  dune  in  twu  levels,  el  lice  the  bucket  ur  dipper  cannot 
reach  bo  high.    Hut  In  aaad  and  loose  gravel,  much  deeper  cuta  may  be-  made  from  a 

Hm  excavator  Tt-semblee  a  dredging  machine  in  Its  appearauco  and  operation.  A 
large  plate-steel  bucket,  like  a  dredgiog  bucket,  with  a  flat  hinged  bottom,  and  pro- 
vided with  awel  csttiiuj  teeth,  ll  forced  Into  and  dragnd  Ibmngh  tlie  earth  Irj 
(team  power.     It  dumps  its  load,  by  means  of  the  hinged  bottom,  either  into  can 

work  proceeds.    The  machines  can  be  need  as  wrecking  or  derrick  ran. 


'  '  J  m  ™F  IT  ™iil  n'  ■  r  "■ '"  3t  i-'ti  vat/ir '  I  cil »:««  'hi:  "E  of  the  rut"'' "a"  yV'orti'cn]  '"ai'id  the  if 
aired  ilopt  ll  iftenrar*  fj*m  by  pMi  and  shovel.    When  the  soil  Is  hard  or  much 
IVanD,  it  may  be  looeened  by  bunting  In  advance  of  the  excavator. 
Stpam  excavator)  aire  made  by  Osgood  Dredge  Co,  Albany  NY;  by  John 

Hiullipr  £  C<>   :1!n'  "  otia  "  exi-tivatcr   lkwlon    )li»  ;  t'V  Viili-iin   Inm  Worfca,  Toledo 
0;  by  Industrial  Works,  Bay  City  Mich;  and   by  Pound  Manufacturing  Co.,  Lock- 

The  Oagood  IB  made  In  two  sties.     In  No  I  the  car  fs  34  ft  X  10ft.  and  ID  Boor  la  4 

cnbk   l  arda,   struck  measure.     The  machine  wp|ghiT  complete,  about  40  tone,  and 

,-,,-.«  ntvi  it  SvriOd  on  track  »(  work*  {Albany.  N  Yi.     In  the  No  4  machine,  the  carle 
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The  excavator  has  to  be  moved  forward  (as  the  work  advances)  abt  8  ft  at  a  time. 
As  regularly  made,  it  cau  dig  at  a  distance  of  17  ft,  horizontally,  from  the  center  of 
the  car  in  any  direction,  and  can  damp  12  ft  above  the  track.  In  saud  or  gravel  it 
takes  oat,  while  actually  digging,  3  dipperfuls  (=  4V£  to  tt  cub  yards  in  the  dipper, 
=  S.75  to  5  cubic  yards  in  place)  per  minute;  in  stiff  clay,  2  dipperfuls  per  minute 
(=  3  to  4  cub  yards  in  the  dipper,  =  2.5  to  3.33  cubic  yards  in  place).  An  average 
day's  work  (10  hours)  for  a  "No  1"  machine,  including  time  lost  in  moving  the  ma- 
chine, Ac,  is  about  500  cubic  yards  in  "  hard-pan/'  and  from  1200  to  1500  in  sand  and 
gravel.  This  allows  for  the  usual  and  generally  unavoidable  delays  in  having  cars 
ready  for  the  excavator. 

The  excavators  carry  about  80  to  90  lbs  of  steam.  They  burn  from  100  to  150 1  Its 
of  good  hard  or  soft  coal  per  hour ;  and  require  one  eugineer,  one  fireman,  one 
cranesman,  and  5  to  10  pitmen,  including  a  boss.  The  pitmen  are  laborers,  who 
attend  .to  the  jacks,  lay  track  for  the  excavator  and  for  the  dump  cars,  assist  in 
moving  the  latter,  bring  or  pump  water,  Ac,  Ac. 

After  reaching  the  site  of  the  work,  about  30  minutes  are  required  for  getting  the 
excavator  into  working  condition ;  and  an  equal  length  of  time,  after  completion 
of  the  work,  in  getting  it  ready  for  transportation. 

The  following  figures  are  taken  from  the  records  of  work  done  by  a  No  1  machine, 
from  May  to  Nov,  1883.  The  material  was  hard  clay  with  pockets  of  sand.  The 
expenses  per  day  of  12  working  hours,  at  $1.50  per  such  day  for  labor,  were 

Water  (a  very  high  allowance) $  5.00 

Coal,  1)4  tons  bituminous 10.00 

Wages  of  engineer  M 4.00 

"      M  fireman 1.50 

**      M  cranesman  or  dipper-tender 2.50 

41      "  pit  boss 3.00 

u      "  8  pitmen  at  $1.50 12.00 

Oil,  waste,  repairs,  Ac  (estimated) 5.00 

Interest  on  cost  ($7500)  of  machine 1.25 

$44.25 

Reduced  to  our  standard  of  $1  for  labor  per  day  of  10  working  hours,  this  would 
be  say  $30.00  per  day.  Reduced  to  the  name  standard,  and  allowing  for  the  greater 
proportional  loss  of  time  in  stopping  at  evening  and  starting  in  the  morning:  the 
average  daily  quantity  excavated,  measured  in  place,  was,  in  shallow  cutting,  530 
cubic  yards;  in  deep  cutting,  1200  cubic  yurds;  average  of  whole  operation,  800 
cubic  yards.  This  would  make  the  cost,  per  cubic  yard  measured  in  place,  tor 
loosening  and  loading  into  cars,  5.67  cts,  2.5  eta,  and  3.75  cts  respectively;  while  the 
cost  by  ploughing  and  shoveling,  in  strong  heavy  soils,  by  Arts  2  and  3,  is  7.4  cts ;  and 
by  picking  and  shoveling,  say  10  cts. 

In  sandy  the  No.  1  machine  has  dag  and  loaded  as  high  as  100,000  cubic  yards  in 
72  working  days  of  ten  hours  each ;  average  1390  cubic  yard*  per  day ;  at  2  cents 
per  yard  when  reduced  to  oar  basis  of  $1  per  day  fur  labor. 
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Art.  14.     Removing-   rock    exrnvntlon    by   whwllmrniwi. 


iff 

s|fe 

»!|S 

HI 

1 

r«t 

Cubic  Yfli. 

Onu. 

o™«. 

c™^ 

W: 

1:« 

lis 

S»:! 

1SO0 

!" 

*'s 

!*:i 

Jm 

5:3 

ffli 

il* 

s5» 

'Su 

mt 

IS* 

BOO 

*■" 

"' 

ma 

sue 

*™ 

li*i 

COST  OF  EARTHWORK. 


753 


Hard  Rock,  by  Carta. 

Labor  $1  per  day,  of  10  working  hoars. 


MJBOgth  of 

Number  of 

Cost  per 

Total  cost 
per  cable 

yard,  in 
place,  ex- 
clusive of 

proflt  to 
contractor. 

Length  of 

Number  of 

Cost per 

Total  cost 
per  cnbto 
yard,  in 
plaee,  ex- 
clusive of 
proflt  to 
contractor 

L«ead,  or  dis- 

coblo yards, 

cubicyard, 
in  place, 

Lead. or  dis- 

cubic yards, 

oublcyard, 

tance  to 

in  place. 

tance  to 

in  place, 

iu  place,  for 

•which  the 

baoled  per 

for  hauling, 

which  the 

banled  per 

hauling, 

rock  Is 

day,  byeaeh 

and 

rock  Is 

day,  by  each 

and 

hauled. 

cart. 

emptying. 

baa  led. 

cart. 

emptying. 

Peet. 

CnMcYds. 

Cents. 

Cents. 

Feet. 

Cable  TSm. 

Cents. 

Cent* 

2ft 

19.2 

6.51 

59.6 

1800 

6.00 

250 

81.6 

50 

18.5 

6.77 

59.9 

1900 

4.80 

26.0 

82.8 

75 

17.8 

7.06 

60.2 

2000 

4.62 

27.1 

84.1 

100 

17.1 

7.29 

60.5 

2250 

4.21 

29.7 

87.2 

150 

16.0 

7.81 

61.1 

2500 

8.87 

32.3 

90.3 

200 

15.0 

8.33 

61.7 

Jtf  mile 

3.70 

83.7 

92.0 

300 

I3.S 

9.37 

63.0 

3000 

3.33 

87.5 

96.5 

400 

•    12.0 

10.4 

64.2 

3250 

3.12 

40.1 

99.6 

50© 

10.9 

11.5 

65.5 

3500 

2.92 

42.8 

102  8 

•00 

10  0 

12.5 

667 

3750 

2.76 

45.8 

105.8 

TOO 

9.2S 

18.6 

68.0 

4000 

2.61 

47.9 

108.9 

800 

8.57 

14.6 

69.2 

4250 

2.47 

50.6 

112.1 

900 

8.00 

15.6 

70.4 

4500 

2.36 

53.2 

115.2 

1000 

7.S0 

16.7 

71.7 

4750 

2.24 

55.8 

118.3 

1100 

7.08 

17.7 

72.9 

5000 

2.14 

58.4 

121.4 

1200 

6.67 

18.7 

74.1 

lmile 

3.04 

61.2 

124.8 

1300 

6.32 

19.8 

75.4 

IK" 

1.67 

75.0 

141.2 

1400 

6.00 

20.8 

76.6 

IX" 

1.41 

88.8 

157.6 

1500 

5.71 

21.9 

77.9 

1«" 

1.22 

102.6 

174.0 

1000 

6.45 

22.9 

79.1 

2      '« 

1.08 

116.3 

190.4 

1700 

5.22 

24.0 

80.4 

*K" 

.962 

130.0 

206.8 

•*  I*oose  rock  "  will  cost  about  30  cts  per  yd  less ;  and  even  solid  rock  will 

average  about  10  ots  lens  than  the  tahleH. 

Art.  16.  Removing  rock  excavation  by  cam  and  locomo- 
tive, on  level  track.  Our  calculations  are  based  upon  the  following  assumptions : 
Trains  of  in  cars,  each  car  containing  1  cubic  yard  of  rock  measured  in  place.  Aver- 
age speed  of  trains,  including  starting  and  stopping,  but  not  standing,  10  miles  per 
hour  =  5  miles  of  lead  per  hour.  Labor  $1  per  day  of  10  working  hours.  Loosening, 
45  cts  per  cubic  yard  in  place.  Loading,  R  eta  per  cubic  yard  in  place.  Cost  of  track, 
for  interest  and  repairs,  $3  per  day  per  mile  of  lead.  The  calculations  are  the  same,  in 
principle,  its  those  in  Art.  13. 

Hard  Rock,  by  Cars  and  Locomotive. 

Labor  $1  per  day  of  10  working  hours. 


Length  of  lead,  or  distance  to  which  the  rock 

is  hauled miles         1 

Number  of  cubic  yards,  in  place,  hauled  per 

day  by  each  train ~ 2900 

Cost,  per  cubic  yard  in  place,  for  hauling, 

dumping,  and  returning cents        .6 

Total  cost,  per  cubic  yard  in  place,  exclusive 

of  contractor's  profit «, cents     53.6 


3 

6 

7 

10 

13O0 

800 

600 

400 

1.7 

S.5 

6.7 

10.8 

54.7 

66.5 

58.7 

63.8 
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TUNNELS. 

Tunnels  for  railroads  should,  if  possible,  be  straight,  espe- 
cially when  there  is  but  a  single  track';  inasmuch  as  collisions  or  other  accidents 
in  a  tunnel  would  be  peculiarly  disastrous.  A  tunnel  will  rarely  be  expedient 
before  the  depth  of  cutting  exceeds  60  feet.  Firm  rock  of  moderate  hardness, 
and  of  a  durable  nature,  is  the  most  favorable  material  for  a  tunnel; 
especially  if  free  from  springs,  and  lying  in  horizontal  strata.  In  soft  rock,  or 
in  shales  (even  if  hard  and  firm  at  first),  or  in  earth,  a  lining  of  hard  brick  or 
masonry  in  cement,  is  necessary.  A  tunnel  should  have  a  grade  or  incli- 
nation in  one  direction,  for  ease  of  future  drainage  and  ventilation.  No 
special  arrangement  Is  essential  for  ventilation  either  during  construction, 
or  after,  if  the  length  does  not  exceed  about  1000  feet;  but  beyond  that, gen- 
erally during  construction  either  shafts  are  resorted  to,  or  means  provided  for 
forcing  air  into  the  tunnel  through  pipes  from  its  ends.  But  after  the  work  is 
finished,  except  under  peculiar  circumstances,  nothing  of  the  kind  is  necessary. 
Shafts  often  draw  air  downwards;  and  frequently,  even  when  aided,  by  a  steep, 
uniform  grade,  do  not  secure  ventilation.  The  Mont  Cenis  tunnel  under  the 
Alps,  completed  in  1871,  is  7}4  miles  long,  and  has  no  shafts,  although  it  grades 
up  from  each  end,  which  is  the  most  unfavorable  of  all  conditions  for  ventila- 
tion without  shafts.  It  was  made  so  for  facilitating  drainage.  Its  ventilation 
is  maintained  by  air  forced  in  from  the  ends.  The  Hoosac  tunnel,  Mass,  A% 
miles  long,  has  shafts  :  one  of  them  1030  feet  deep;  but  they  were  for  expediting 
the  work.  Shafts  generally  eost  from  VA  to  3  times  as  much  per  cubic 
yard  as  the  main  tunnel,  owing  to  the  greater  difficulty  of  excavating  and  re- 
moving the  material,  and  getting  rid  of  the  water,  all  of  which  must  \te  done 
by  hoisting.  When  through  earth,  they  must  be  lined  as  well  as  the  tunnel; 
and  the  lining  must  usually  be  an  under-pinning  process.  Or  the  lining  raav 
first  be  built  over  the  intended  shaft,  and  then  sunk  by  undermining  it  grad- 
ually; see  page  650.  Their  sectional  area  commonly  varies  from  about  40  to 
100  square  feet.  They  have  the  great  advantage  of  expediting  the  work  by  in- 
creasing the  number  of  points  at  which  it  can  be  carried  on  ;  but  if  placed  too 
close  together,  their  cost  more  than  compensates  for  this.  The  air  in  some 
tunnels,  while  being  constructed,  is  much  more  foul  than  In  others;  so  that 
after  the  work  has  been  commenced,  shafts  with  forced  air  may  be  expedient 
where  they  were  not  anticipated.  In  excavating  the  tunnel  itself,  a  headinc 
or  passage-way,  5  or  8  feet  high,  and  3  to  12  feet  wide,  is  driven  and  maintained 
a  short  distance  (10  to  100  feet,  or  more,  according  to  the  firmness  of  the  ma- 
terial) in  advance  of  the  main  work.  In  rock,  the  heading  is  Just  below  the 
top  of  the  tunnel,  so  that  the  men  can  conveniently  drill  holes  in  its  floor  for 
blasting;  but  in  earth,  the  heading  is  driven  along  the  bottom  of  the  tunnel 
that  being  the  most  convenient  for  enlarging  the  aperture  to  the  full  tunnel 
size,  by  undermining  the  earth,  and  letting  it  fall.  In  earth,  the  top  and  sides 
of  the  heading,  as  well  as  of  the  tunnel,  must  be  carefully  prevented  from 
caving  in  before  the  lining  is  built ;  and  this  is  done  by  mean's  of  rows' of  verti- 
cal rough  timber  props,  and  horizontal  raps  or  overhead  pieces,  between  which 
and  the  earth  rough  boards  are  placed  to  form  temporary  supporting  sides  and 
ceiling  to  the  excavation.  The  props  and  caps  are  placed  first ;  and  the  boards 
are  then  driven  in  between  them  and  the  earthen  sides  of  the  excavation. 
These  are  gradually  removed  as  the  lining  is  carried  forward.  The  lining, 
when  of  brick,  Is  usually  from  2  to  3  bricks  thick  (17  to  26  inches)  at  bottom, 
and  from  1%  to  2%  bricks  thick  at  top;  and  when  of  rough  rubble  in  cement, 
al>oiit  half  again  as  thick.  It  is  important  that  the  bricks  or  stone  should  be 
of  excellent  hard  quality,  and  laid  in  good  cement.  The  bricks  should  be 
moulded  to  the  shape  of  the  arch.  As  the  lining  is  finished  In  short  lengths, 
and  before  the  centers  are  removed,  any  cavities  or  voids  between  it  and 
the  earth  should  be  carefully  and  compactly  filled  up.  Even  in  rock,  if  much 
fissured,  or  if  not  of  durable  character,  as  common  shale,  lining  is  necessary. 
The  eross-seetion  of  a  single-track  railroad  tunnel,  in  the  clear  of  every- 
thing, and  for  cars  of  11  feet  extreme  width,  should  not  be  less  than  about  15 
feet  wide,  by  18  feet  high  ;  nor  a  double-track  one,  less  than  27  feet  wide,  by  24 
feet  high ;  unless  in  the  last  case  the  material  is  firm  rock,  in  which  a  high  arch 
is  not  necessary  for  lining.  The  roof  may  then  be  much  flatter,  so  that  a  height 
of  20  feet  may  answer.  With  cars  of  10  feet  extreme  width,  the  width  of  the 
tunnel  may  be  reduced  to  25  feet;  or  with  9  feet  cars,  to  23  feet.  Many  have 
been  made  22  feet.  The  Mont  Cenis  is  26  feet  wide,  by  25  high.  The  rate  of 
daily  progress  from  each  face  of  a  tunnel  varies  from  18  inches  to  9  feet  of 
length  per  24  hours,  with  three  relays  of  workmen.  On  the  Mont  Cenis  the  ex« 


wide  bjSfeet  hwh.    Ordinarily, .fnnnjjj  to' S  fcrt  may  bt  taken  M  average*. 

labor  at  II  per  day,  the  co*t  will  usually  vary  with  the  character  or  the  rock, 
-■      -  -        ts  ro  (10  for  the 

__     .  H  per  day. 'will  generally 

to  serious  contingencies  which  cannot,  be  foreseen.    Since  tl>e  sldesand  ruo'ere 

Iractor  us  about  IS  inches  or  2  feel  greater  than  the  ealabliahe.1  ofeoronea.    At 


mil,  ; 


oved  hy  pumps  or  by  bj 


upper  end  baa,  however,  the  advantage  of  sooner  getting  rid  of  the  smoke  In 
blasting.  Brier*,  commencing  a  tunnel,  or  even  deciding  upon  One,  trial 
abains  should  be  sunk  to  ascertain  the  n»iure  of  I  lie  miteri.i.  In  long  one?, 
the  greatest  care  and  accuracy  are  necessary  for  preserving  the  line  of  dlrec- 

In  the  heading  of  (lie  Voshurg  (Pa)  tunnel  of  the  Lehigh  Valley  KB.  built 
1HS4,  crom-seeliun  7U  feet  X  26  fret,  the  anTago  progrw  per  wurklng 
d»v  of  24  hours  trlrh  two  shifts  of  |v  hoti  rs  s>w:h.  was  as  uiMmvs:  h»  liarni 
drilling  2.8  feet  and  2.4  feel  respectively  from  each  end  :  by  machine  drill* 
(two  rival  drllla  In  conipetii.r.m  f,.e,  feet  ami  7.S  Um.    The  material  was  hard 

H.  8.  Drinker's  very  full  trealis-  on  ihe  subject,  published  by  the  Maaara  Wiley. 
For  Stone  brldffea  »rul  cnlverts,  see  pp  69S,  Ac 
For  T«-u*»e*,  see  pp  547,  Ac. 
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and  3,  to  heights  from  20  to  30  fl :  Fig  5,  from  90  to  40  ft;  Fig  A,  from  40  to  60  ft;  as 
rough  approximations  merely.  A  single  framework,  such  as  that  shown  in  each  of 
these  six  figures,  is  called  a  "  bent/*  These  bents  of  course  admit  of  many  modifi- 
cations. They  are  usually  supported  by  bases  of  masoury,  as  in  the  figures.  These 
preserve  the  lower  timbers  from  contact  with  the  earth,  which  would  hasten  their 
decay.  It  is  advisable  to  make  these  bases  high  enough  to  prevent  injury  from  cattle, 
or  passing  vehicles,  Ac.  Up  to  heights  of  about  40  or  50  ft,  a  single  row  of  posts  or  up- 
rights, a,  a,  a,  Figs  1  to  0,  as  shown  at  e  «  under  Figs  1  and  0,  wilL  answer.  But  as  the 
height  becomes  greater,  more  posts  should  lie  introduced,  as  shown  at  xx  under  Fig 
6;  or  two  entire  rows  of  them ;  or  three  rows,  as  under  Fig  7 ;  and  as  also  in  Fig  8, 
which  is  an  end  view  of  Fig  7.  Figs  7  and  8  bear  much  resemblance  to  the  trestles 
190  ft  high,  with  masonry  bases  30  ft  high  (S.  Seymour,  0.  E.),  which  carried  the 
Brie  Rway  (now  the  N  Y,  Lake  Erie  k  West'n  R  R)  over  the  Ueneeee  River  at 
Portnfre,  N  T.  There  each  bent  had  21  posts  14  his  square,  at  its  base;  and  15 
posts  of  12  X  *2,  at  its  top.  The  other  timbers  were  6  X 12;  many  of  them  were  ia 
pairs,  embracing  the  posts.  This  single-track  viaduct  was  begun  July  1,  1861,  and 
completed  Aug.  14, 1852.  It  contained  1,00*2,000  ft  (B  M)  of  timber,  and  108,862  lbs 
of  iron.  In  the  foundations  were  9200  cub  yds  of  masonry.  The  entire  cost  was 
about  $140,000.  It  was  burned  down  in  1875,  and  was  replaced,  in  less  than  3  mo*, 
with  a  single-track  viaduct  of  wroiiffht-f  roil  trestles,  (descrilied  below) 
containing,  in  all,  1,340,000  lbs  of  iron,  and  130,600  ft  (B  M)  of  timiier;  and  costing, 
complete,  above  the  masonry,  about  996,000.  Frequently  the  posts  of  trestles  are  ia 
pairs;  and  the  other  timbers  pass  between ;  all  bolted  together. 

In  Fig  4,  the  posts  a,  a,  a,  are  end  views  of  three  trestles  or  bents,  such  as  Fig  3; 
and  It  are  diag  braces  extending  from  trestle  to  trestle;  the  two  outer  ones  inclining 
in  one  direction ;  and  the  central  one  crossing  them.  These  may  be  placed  either 
intermediate  of  the  posts,  as  in  Fig  3;  with  the  heads  of  the  two  outer  ones  con  fined 
to  the  cap  c  c  of  .one  trestle ;  and  their  feet  to  the  sill  y  y  of  the  next  one ;  or  they 
may  all  be  spiked  or  bolted  to  the  posts  themselves,  as  in  Fi*  4.  The  last  is  the  best, 
as  it  serves  also  directly  to  stiffen  the  posts:  as  do  also  the  braces  ootnv%  Fig  2. 
Such  bracing  is  too  frequently  omitted.  During  the  passage  of  trains,  the  backward 
pressure  of  the  steam,  exerted  through  the  driving  wheels  against  the  track,  pro- 
duces a  serious  strain  lengthwise  of  the  road,  and  tending  to  upset  the  trestles;  and 
the  sudden  application  of  brakes  to  a  moving  train,  produces  a  similar  strain  in  the 
opposite  direction.  These  strains  become  more  dangerous  us  the  ht  increases.  Hence 
the  need  for  such  braces.  Usually  the  outer  posts  may  lean  1.5  to  2.5  ins  to  a  ft. 

The  posts  should  not  be  less  than  about  12  ins  square,  except  in  quite  low  treaties; 
aud  even  then  not  less  than  about  10  X  10-  The  diag  bracing  may  generally  lie  about 
as  wide  as  the  posts ;  and  half  as  thick.  The  dist  apart  of  the  bents,  wheu  the  road- 
way  is  supported  by  simple  longitudinal  beams,  should  not  exceed  10  or  12  ft,  for 
railroads.  But  if  these  beams  receive  support  from  braces  beneath,  like  *«,  Fig  8 :  or 
from  iron  truss  rods,  as  at  Fig  52,  page  514,  the  dist  may  be  exteuded  to  16  or  20  or 
more  ft.  But  when  the  trestles  become  very  high,  and  contain  a  great  deal  of  tim- 
ber, it  becomes  cheaper  to  place  them  farther  apart,  say  30  to  GO  ft;  and  to  carry 
the  railway  upon  regular  framed  trusses,  as  at  uu,  Figs  7  and  8;  as  in  a  bridge  with 
stone  piers.    In  the  Genesee  viaduct,  the  trestles  were  50  ft  apart,  center  to  center. 

When  such  a  trestle  as  Fig  8  becomes  very  narrow  iu  proportion  to  its  height,  we 
may  add  to  its  stability  by  introducing  1  warns  w,  extending  from  trestle  to  trestle; 
and  still  further  by  inserting  diag  braces  v  r,  as  in  the  old  Genesee  viaduct. 

Figs  62,  p  613,  "Trusses/'  will  show  how  the  timbers  may  be  joined.  In  de- 
signing trestles,  (as  ia  wooden  bridges,)  it  is  advisable,  as  far  as  practicable,  to  arrange  toe  piece* 
so  that  any  oue  may  be  removed  if  it  becomes  decayed;  and  another  put  in  its  place.  On  ctjavs*, 
additional  strength  should  be  given  on  the  convex  side;  as  suggested  by  the  dotted  lines  in  Pigi. 
Ou  very  high  trestles  especially,  (as  well  as  on  bridges.)  wheel-guards,  gg.  Fig  10,  either  inside  or 
outside  of  the  rails,  should  never  be  omitted,  as  is  commonly  done. 

In  marshy  ground,  piles  may  be  driven  to  support  the  trestles ;  or  may  be  left  so 
far  above  ground,  as  themselves  to  constitute  the  posts.  Such  trestles  may  often  be 
used  advantageously,  even  when  to  be  afterward  filled  in  by  embkt.  They  then  sus- 
tain the  rails  at  their  proper  level  until  the  embkt  has  reached  Its  final  settlement 

They  are  generally  used  to  avoid  the  expense  of  embkt ;  especially  when  earth  can 
ouly  be  obtained  from  a  great  dist.  Even  when  earth  and  timber  are  equally  con- 
venient, they  will  rarely  much  exceed  about  half  the  cost  of  embkt;  even  when  but 
about  30  ft  high;  but  owing  to  their  liability  to  decay,  they  should  be  resorted  to 
only  in  case  of  necessity ;  or  as  a  temporary  expedient. 

Iron  trestles.  At  the  Cruniliii  double-truck  iron  viaduct 4n  Kngland,15O0 
ft  long, (spans  150  ft.)  they  are  about  180  ft  high ;  60  by  27  ft  at  base;  30 by  18  at  top; 
each  composed  of  14  citst-iron  poats,  arranged  as  a  long  hexagon;  each  post  being 
formed  of  17-ft  lengths  of  iron  pipes,  1  ft  outer  diam,  by  1  inch  thick.  At  each  17 -ft 
length,  the  pipes  are  firmly  connected  by  hor  iron  pieces;  and  between  these  din* 
otages  is  diag  bracing  of  4  X  4  X  14 iucu  rolled  T  iron,  arranged  as  In  Fig  7. 
vhe  viaduct  coutuius  about  3,OW,0001bs of  wrought-irou  and  nearly  as  much  cast-iron 
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TIM  new  Portwe  Vimlnct,  referred,  to  abort,  consists  of  Iron 
tnm  resting  upon  sli  to.era.    Ftg  11  is  a  longitudinal  view,  and  Fig  12  a 

7n»™.  gh  "rum  top  °t  nasonr'" u'mSmmII,  is  »« 


•owenttaiyfromSOto  118  IE 

The  column*  are  put  together  In  lengths 

of  one  of  these  lengths.  Fig  13  it  an  elevation, 
seen  from  between  the  feet  of  a  bent.  Fig  14  * 

is  composed  or  three  piste*,  PI'  P,  mil  4  •ogle- 
bare  4  x  4  X  H  inch,  ■*  shown.  In  the  MM 
towers,  lbs  H  opposite  tide  plates  are  15  loft  wlrtfl, 
and   from  %tojt  inch  thick  :   Utah  tlritltness    - 

Increasing  with  tneir  dl»t  from  the  top  of  itw        Flff.ll  Fit"  12 

tower.     The  third,  or  (wet,  plate  ia  IT  ins  X  Jf         "K'11  *1|T.« 

Inch  throughout.    The  fonrth  side,  L,  hue  only  n  fig-nag  lacing,  Z  2  Z.  Fig  13,  d 

At  the  npper  end  U  of  each  "/6-ft  length,  are  riveted  two  small  iron  plates 
pp,  forming  a  tenon.    The  foot  of  the  neat  length  Ate  over  tbis 
Pin-.ia         tenon,  and  Is  tun  fine.  I  to  it  by  a  tnrned  iron  pla.  lii  ini  diaui, 
Z,*     °  niuuiinKUir,>ii(!lit«refullv|„.redl1(,[„s.  1'..  >fia  i>iit,  the  longitudinal 

Pfpr 1  diag  roue.  R,  Fig  11.  1!<  iua  diam,  ■  reiiUa.'.lwd.     Tile  loil-rltai*- 

I  '-  illl»lhl>rH»rl,4-.^lViBll.i.i»liB],1  kiti,;,.rl  girders  of  unifi™ 

II    widil.  (1  ft)  arid  denlh  (J  ft).    Tboy  abut  against  tbe  sides!  of  [he 

rheyart'eonneclBawitb  theoorrespondl.iglruB^n-Metrute.B.FIg 
12.  by  hor  ding  angle-ban  fastened  to  each  strut  10  ft  from  its  end. 
riie  iFSMiertt  strut*  areof  diflerrnt  de- 
ligne.  depending  upon  [heir  lengths.  At  their  ends 

Z    1^ la  the  tide  plate* of  tllBColUllu.    flHtnofD* 

also  bold  the  \y.  inch  diagrodi.lt.  Fig  12.    Each 

of  the  lowest  tlree  transverse  stmts  is  In  two 

idiaiupportsilbyanlnterinedtstte 

"   "'  the  lowest"*™  oonnectoi 

iugstristintbantheruentof     ! 

I  ttpon  eaet-lrou  pedestals.       Tig.U 
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like  the  long  spans.  Where  the  ends  of  a  long,  and  of  a  short,  span  rest  upon  the 
same  cap,  they  are  placed  respectively  3  and  6  ins  from  its  center,  so  that  their  cen- 
ter of  pressure  coincides  with  the  center  of  cross  section  of  the  col. 

The  towers  are  made  strong  enough  for  a  double-track  road  ;  and  the  trusses  are 
so  arranged  that  they  can  be  placed  closer  together,  and  additional  trusses  placed 
alongside  or  them ;  so  that  the  track  can  be  doubled  at  any  time. 

The  bridge  is  so  designed  that  the  greatest  compressive  strain  persq 
inch  that  can  come  upon  a  col,  under  a  double-track  bridge  nod  load,  is  6600  lbs; 
and  the  greatest  tensile  strain  per  eq  inch  on  a  diag,  15,000  lbs.  The 
greatest  weight  on  the  foot  of  any  one  col  will  be  357,500  lbs,  or  155  lbs  per  sq  inch 
of  the  4  ft  sq  pedestal-stone. 

The  lowest  section  of  a  tower  was  first  erected  by  means  of  a  wooden  framework 
on  a  flooring  resting  on  the  stone  piers.  A  gin-pole  66  ft  high  was  then  lashed  to 
each  col,  and  by  means  of  these  poles  the  flooring  and  framework  were  raised  to  the 
tops  of  the  columns,  and  used  in  placing  the  second  section  in  position  ou  top  of  the 
first.  This  process  was  repeated  until  the  tower  attained  its  full  height.  One  of  the 
tallest  towers  was  erected  in  11  days. 

The  Kinxua  Viaduct,  on  the  Bradford  branch  of  the  New  Tork,  Lake  Kris 
k  Western  R,  R.  in  McKean  County,  Penna.,  is  single  track,  2052  feet  lone;,  and  its 
greatest  height  is  286  feet  from  the  top  of  the  masonry  piers  to  the  track-rails. 

There  are  21  spans  of  61  ft  each,  placed  between  20  towers ;  and  20  spans  of  38J£ 
ft  each,  over  the  towers.  The  towers  are  similar,  in  general  arrangement,  to  those 
of  the  Portage  viaduct,  above  described.  The  bents  are  10  ft  wide  at  top,  and  103  ft 
at  the  feet  of  the  tallest  towers,  which  are  278  ft  high.  The  2  bents  of  a  tower  are 
38%  ft  apart.  The  legs  are  of  Phoenix  Iron  (Jo's  4-segment  columns,  pattern  C,  p 
440, 7  fa  ins  inner  diam,  and  from  \  to  ^  in  thick.  They  are  made  up  of  lengths  of 
about  33  ft,  which  are  held  in  place,  one  on  top  of  another,  by  plain  cylindrical 
wrought-iron  tubes  about  14  ins  long,  and  of  such  diam  that  they  just  fit  inside  of 
the  cols.  The  abutting  ends  of  two  column-lengths  slide  over  such  a  tube,  and  meet 
at  the  middle  of  its  length.  The  tube  is  held  in  place  by  4  bolts,  which  pass  through 
the  column  from  side  to  side,  two  of  them  being  at  right  angles  to  the  other  two. 
These  bolts  hold  in  place  the  longitudinal  and  transverse  hor  braces,  most  of  which 
are  lattice-girders,  spaced  about  30  ft  apart  vertically. 

The  cols  rest  upon  smooth  iron  plates,  which  allow  a  sliding  movement  of  1  inch 
transversely,  aud  .38  inch  lengthwise,  of  the  roadway.  Each  plate  is  bolted,  by  two 
1^-inch  bolts,  from  9  to  12  ft  long,  to  a  square,  pyramidal  masonry  pier,  from  10  to 
13  ft  deep,  8  ft  square  at  bottom  and  4  ft  square  at  top. 

The  cols  have  cast-iron  caps,  to  which  the  ends  of  the  lower  chords  of  the  88%- ft 
spans  are  firmly  bolted,  and  on  which  those  of  the  61-ft  spans  rest.  The  latter  are 
bolted  to  the  shorter  spans  through  oval  bolt-holes,  which  allow  .17  inch  play,  longi- 
tudinally, for  expansion  and  contraction. 

-The  greatest  compression  on  a  col  is  8000  lbs  per  sq  in.  The  ult  load, 
by  U  3  Govt  experiments  at  Watertown  Arsenal,  is  35,000  lbs  per  sq  in. 
The  greatest  tension  on  the  diags  is  15,000  lbs  per  sq  in. 

The  heaviest  column  weighs  about  5000  lb*  The  entire  structure, 
3,500,000  11»8.  It  cost  $275,000,  and  was  built  by  a  gang  averaging  125 
men,  aided  by  2  steam-hoisters  and  a  traveling  crane.  Clarke,  Beeves 
&  Oo,  Phila,  builders ;  now  (1886)  Phoenix  Bridge  Co. 

Mode  of  erection*  At  each  of  the  four  corners  of  the  site  for  a 
tower  a  mast  60  ft  long  was  set  up.  These  were  guyed  with  ropes,  and 
by  means  of  them  the  4  columns  about  83  ft  long,  forming  the  lowest 
story  of  a  tower,  were  erected  and  braced  together.  The  masts  were  then 
raised  about  30  ft,  and  clamped  one  to  each  of  the  columns,  and  used  for 
raising  the  second  story  into  position  on  top  of  the  first,  and  so  on, except 
for  the  top  story,  which  was  bolted  together  ou  the  ground,  in  two  pieces, 
ami  h oi8 ted  into  position  by  the  travelling  crane. 

Verrugas  Viaduct,  near  Lima,  Peru, 575  ft  long,  262  ft  high,  car- 
ried the  Oroya  R  R  (single  track)  over  the  Agua  de  Verrugas.  Built  by  the 
late  Baltimore  Bridge  Co,  Chas.  H.  Latrobe,  Engr,  In  leas  than  four  months 
Fig.  17  in  1872.  Destroyed  by  a  flood,  March  '23,  1889.  It  contained  1,323,000  lbs 
of  iron,  and  cost  $165,000.  There  were  four  Fink  truss  spans,  three  of  UW 
ft,  and  one  of  125  feet.  They  rested  on  3  towers.  Each  tower  consisted  of  three  par* 
allel  bents,  25  ft  apart,  aud  each  bent  had  four  columns,  arranged  as  in  Fig.  17.  The 
bents  were  15  ft  wide  at  top,  and  the  outer  columns  of  each  bent  battered  1  in  12.  The 
columns  were  all  of  the  Phoenix  segment  pattern.  The  two  outer  ones  of  each  best 
had  six  segments  each,  diam  11 U  ins,  area  of  cross  section,  20  sq  ins.  The  inner  ones 
had  four  segments  each,  diam  8  ins,  area  13  sq  ins.  The  columns  were  put  together 
iu  lengths  of  23 V£  ft,  which  were  Joined  by  cast-iron  couplings.  The  horizontal  on 
extending  from  column  to  column  were  about  25  ft  apart  vertically. 
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Table  of  cubic  yards  of  ballast  per  mile  of  road. 

Side-slope  of  the  ballast  1  to  1.  Width  in  clear  between  2  tracks  6  ft.  The  ties 
and  rail 8  may  be  laid  first,  for  carrying  tho  ballast  along  the  line;  then  raised  a 
few  ft  of  length  at  a  time,  and  the  ballast  placed  under  them.  Deduct  for  ties, 
as  below. 


Depth 

lu 

Ids. 

Top  width, 
SnraLB  Track. 

top  width, 
Double  Track. 

10  Ft. 

11  Ft. 

12  Ft. 

21  Ft. 

22  Ft. 

23  Ft. 

13 
18 
24 
30 

Cub.  Y. 

2153 
3!)74> 
46'H 
6111 

Cub.  Y. 

2347 
3667 
5085 
6600 

Cub.  Y. 

2543 
3960 
5474 
7087 

Cub.  Y. 

4303 

6600 

899o 

11490 

Cub.  Y. 

4499 

6894 

9388 

11980 

Cub.  Y. 

4695 

7188 

9780 

12470 

A  nan  can  break  3  to  4  cubic  yards  per  day.  of  hard  quarried  stone  to  a  size 
suitable  for  ballast:  say  averaging  cubes  of  3  iDches  on  an  edge.  Where  other 
ballast  cannot  be  had,  hard-burnt  clay  is  a  good  substitute.  Thn  slag  from  iron 
furnaces  is  excellent.  The  ties  decay  more  rapidly  when  gravel  or  sand  is  used 
instead  of  broken  stone,  because  these  do  not  drain  off  the  rain,  but  keep  the  ties 
damp  longer.    For  stone  crashers,  see  p.  680. 


Average, 

Average, 

Years. 

Years. 

Yearn. 

7 

White  Oak, 

5  to  12 

7 

9 
6 

Spruce  Pine, 

4  to    7 

6 

TIES. 

In  the  United  States  the  life  of  a  tie  is  about  as  follows: 

Years. 
Chestnut,  5  to  12 

Cedar,  6  to  15 

Hemlock,  3  to   8 

As  shown  by  table,  Art  3,p  815, the  annual  expense  for  renewal  of  ties, 

in  the  U.  S.  alone,  is  about  ten  millions  of  dollars. 

The  Penna  R  R,  In  1883,  nsed  575,000  ties  in  construction  on  its  main  line 
and  branches  (=  2552  miles  of  single  track)  and  779,000  ties  in  repairs. 

It  w'ill  often,  especially  in  the  case  of  the  softer  and  more  perishable  woods,  be 
true  economy  to  preserve  ties  by  the  injection  of  creosote.  See  p  425.  Creosote 
preserves  the  spikes. 

The  writer  believes  that  most  of  the  fault  usually  ascribed  to  cross-ties,  as  well  as 
to  rail-Joints,  is  in  reality  due  to  imperfect  drainage  of  the  roadbed.  Hence,  he  does 
not  agree  with  those  who  advocate  very  long  ties;  but  considers  that  with  good 
ballast,  on  a  well-drained  roadbed,  8%  ft  is  as  good  as  more;  and  that  8^ ft,  by  9 
ins,  by  7  ins;  and  2V£  ft  apart  from  center  to  center,  is  sufficient  for  the  heaviest 
traffic.  On  many  important  roads  they  are  but  8  ft;  and  on  some  only  7%  ft  long; 
track  4  ft  %%.  On  narrow-gauge  roads  the  ties  are  generally  from  6  to  7  ft  long. 
The  actnal  cost  of  cutting  down  the  trees,  lopping  off  the  branches,  and  hewing 
the  ties  ready  for  hauling  away  to  be  laid,  is  about  6  to  9  cts  per  tie,  at  $1.75  per 
day  per  hewer. 

The  narrow  bases  of  rails  resting  immediately  on  the  cross-ties,  without  chairs, 
frequently  produce  in  time  such  an  amount  of  crushing  in  the  ties  as  to  injure  them 
materially  even  before  decay  begins.  Burnetised  ties  rust  the  spikes  away  rapidly. 
Creoeoted  ones  preserve  them. 

Cross-tie*  of  $%  feet,  by  9  inches,  by  7  inches,  contain  3.719  cubic  feet  each ; 
and  if  placed  2%  feet  apart  from  center  to  center,  there  will  be  2112  of  thorn  per 
mile,  amounting  to  291  cubic  yards.  Therefore,  if  they  are  completely  embedded 
in  the  ballast,  they  will  diminish  its  quantity  by  that  amount.  At  2  feet  apart  there 
will  be  2640  of  them,  occupying  364  cubic  yards ;  and  at  3  feet  apart,  1760  of  them ; 
243  cubic  yards. 
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Cubic  feet  contained  in  wowtlw  ot  different  ■ 

Dimensions. 

Dimensions. 

Ft.    Ins.    Ins. 

Cub.  Ft 

Ft.    Ins.    Ins. 

Cub.  Ft 

8     by  8  by  6 

2.667 

8U  by  10  by  7 

4.182 

8          9       6 

3.000 

8*|      10      8 

4.722 

8           9       7 

3.600 

SU       12       8 

5.667 

8         10       6 

3.333 

9            8       0 

3.000 

8         10       7 

3.889 

9            9       6 

3.375 

8         10       8 

4.444 

9            9       7 

3.938 

8         12       8 

5.333 

9          10       6 

3.750 

8#       8       6 

2.833 

9          10       7 

4.375 

Vk       9       6 

3.188 

9          10       8 

5.000 

8l2       9       7 

3719 

9          12       8 

6.000 

8i|     10       6 

3.642 

Bessemer  steel  ties,  furnished  by  International  Railway  Tie  Co ,  office  210 
Washington  Street.  Boston,  Mass.,  and  laid  in  the  Boston  &  Maine  Bailroad,  near 
Boston,  in  July,  1886,  under  very  heavy  traffic,  have  so  far  given  entire  satisfactioa. 

RAILS. 

Tons  (2240  lbs.)  om*  rail        , ,   v  weight  of  rail     (tkXMCt\ 
per  mile  of  single  track  =  nr  *  In  Ibn.  per  yard,  \**m**> 
Every  sq  inch  of  sectional  area  of  rail,  corresponds  to  10  lbs  per  yard  of  a  single 
rail ;  or  to  16.7143  tons  per  mile  of  single-track  road.    Consequently, 

Wt  in  ton 8  per  mile 
Wt  in  lbs  per  yd  of  rail,  of  single-truck  Area  of  rail 

10  °r  15J143  =     in  *I in«- 

Thus,  a  rail  of  100  tons  per  mile  of  single  track,  will  have  a  sectiou  of  6L364  sq 
ins ;  and  will  weigh  63.64  roe  per  yd  of  single  rail.  Add  for  turnouts,  sidings,  road- 
crossings,  and  a  trifle  for  waste  in  cutting.  When  the  ties  are  in  place,  and  the  rails 
distributed  in  piles  at  short  intervals,  a  gang  of  6  men  can  lay  \£  a  mile  of  rails  per 
day,  of  single  track ;  or  after  the  ballast  is  in  place,  a  gang  of  16  men  will  lay  about 
one  mile  of  complete  single-track  superstructure  per  week. 

Steel  rails  last  from  9  to  25  years ;  average  15  years. 

In  the  U.  S.  steel  rails  weigh,  on  4  ft  8j$  {a  and  6  ft  gauges,  nraatly  from 
65  to  70  ft>8  per  yard.  56  and  60  are  common.  Sometimes  as  light  as  50,  and  at 
heavy  as  76  to  80.  3  ft  gauge,  30  to  40,  sometimes  60.  2  ft,  26.  The  usual  le'nsrta 
of  rails  is  30  ft.  They  have  been  made  much  longer,  even  up  to  60  ft,  but  such  lengths 
have  not  come  into  use  to  any  extent.  They  of  course  have  fewer  joiuts,  bat  the 
great  space  necessary  between  the  rail-ends  at  the  Joiuta,  to  allow  for  expansion  hi 
hot  weather,  is  a  serious  objection.  This  might  be  obviated  by  beveled  joints,  p  763. 
For  sections  of  rails,  to  scale,  see  pp  764  and  766. 

Animal  production  of  rails  in  the  United  States,  in  tons  of  2240  soa. 

1872  1885 

Bessemer  steel 83,991  959,470 

Open-hearth  steel 1,250 

Iron ~ 808,866  W,11J 

892,857  973,838 

Steel  rails  usually  contain  from  .3  to  .5  of  one  per  cent  of  carbon. 

The  Penna  R  R  used,  in  1883,  on  its  main  line  and  branches  (=  2552  mlks 
of  single  track),  6600  tons  of  steel  rails  in  construction  of  new  lines,  and  14,300  toss 
in  repairs. 

Priee  of  Steel  rails,  at  mill,  in  1888,  about  936  per  ton  of  2240  lbs. 
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Table  of  Middle  Ordinate*,  to  be  used  for  the  bending  of  rails  of  different 
lengths,  bo  as  to  form  portions  of  curves  of  different  radii.  Ordinates  for  lengths 
or  radii  intermediate  of  those  in  the  table,  may  be  found  by  simple  proportion. 


LENGTHS  OF  RALLS. 

Def. 

• 

Ang. 

Radius. 

| 

SO 

28 

26 

24 

22 

20 

18 

16 

Feet. 

14 

12 

10 

8 

6 

Deg. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet 

.5 

11480. 

.010 

.008 

.008 

.005 

.004 

.004 

.003 

.002 

.002 

.001 

.001 

.000 

.000 

1. 

5730. 

.020 

.016 

.013 

.011 

.009 

.008 

.006 

.005 

.004 

.008 

.002 

001 

.001 

1.5 

3820. 

.029 

.028 

.021 

.018 

.016 

.013 

.010 

.008 

.006 

.004 

.003 

.002 

.001 

2. 

'2865. 

.038 

.094 

.029 

.025 

.021 

.017 

.014 

.011 

.008 

.006 

.004 

.003 

.001 

2.5 

2292. 

.049 

.048 

.037 

.031 

.027 

.022 

.018 

.014 

.010 

.007 

.005 

.003 

.002 

8. 

1910. 

.058 

.051 

.044 

.037 

.031 

.026 

.022 

.017 

.012 

.009 

.006 

.004 

.002 

3.5 

1887. 

.070 

.081 

.052 

.043 

.037 

.031 

.025 

.020 

.015 

.011 

.008 

.005 

.003 

4. 

1438. 

.079 

.089 

.080 

.050 

.042 

.085 

.029 

.023 

.018 

.013 

.009 

.006 

.003 

4.5 

1274. 

.Otft) 

.077 

.087 

.056 

.047 

.039 

.032 

.026 

.020 

.015 

.010 

.007 

.004 

5. 

1146. 

•099 

.086 

.074 

.063 

.053 

.044 

.035 

.029 

.022 

.016 

.011 

.007 

.004 

5.5 

1042. 

.108 

.094 

.082 

.070 

.059 

.048 

.039 

.032 

.024 

.018 

.012 

.008 

.004 

6. 

955.4 

.117 

.102 

.088 

.076 

.084 

.052 

.042 

.034 

.026 

.019 

.013 

.008 

.005 

6.5 

882. 

.128 

.112 

.097 

.082 

.089 

.057 

.046 

.037 

.028 

.021 

.014 

.009 

.005 

7. 

819. 

.137 

.120 

.104 

.088 

.074 

.061 

.049 

.039 

.030 

.022 

.015 

.010 

.005 

7.5 

784.5 

.146 

.127 

.111 

.094 

.079 

.085 

.053 

.042 

.032 

.024 

.016 

.010 

.008 

8. 

718.8 

.158 

.137 

.119 

.100 

.085 

.070 

.056 

.045 

.034 

.025 

.017 

.011 

.008 

8.5 

674.8 

.166 

.145 

.126 

.108 

.090 

.074 

.080 

.048 

.036 

.027 

.018 

.012 

.007 

9. 

637.3 

.175 

.153 

.133 

.112 

.095 

.078 

.063 

.050 

.038 

.029 

.019 

.012 

.007 

9.5 

803.8 

.187 

.163 

.141 

.119 

.101 

.083 

.067 

.054 

.042 

.031 

.021 

.013 

.008 

10 

578.7 

.198 

.171 

.148 

.125 

.108 

.087 

.071 

.057 

.045 

082 

.022 

.014 

.008 

11 

521.7 

.216 

.188 

.163 

.139 

.117 

.096 

.078 

.088 

.049 

.036 

.024 

.016 

.009 

12 

478.8 

.236 

.206 

.179 

.161 

.128 

.105 

.085 

.069 

.053 

.039 

.026 

.017 

.010 

13 

441.7 

.254 

.222 

.192 

.163 

.138 

.113 

.092 

.075 

.067 

.042 

.028 

.019 

.010 

14 

410.3 

.275 

.289 

.207 

.175 

.148 

.122 

.099 

.080 

.081 

.045 

.030 

.020 

.011 

15 

383.1 

.295 

.257 

.223 

.188 

.159 

.131 

.106 

.085 

.065 

.049 

.038 

.021 

.012 

1A 

859.3 

.313 

.278 

.236 

.200 

.170 

.139 

.113 

.091 

.070 

.052 

.035 

.028 

.013 

17 

838.3 

..133 

.290 

.252 

.218 

.180 

.148 

.120 

.096 

.074 

.055 

.037 

.024 

.014 

18 

319.6 

.351 

.306 

.265 

.225 

.190 

.158 

.127 

.102 

.078 

.058 

.039 

.025 

.014 

19 

802.9 

.371 

.324 

.280 

.238 

.201 

.165 

.134 

.108 

.062 

.061 

.041 

.027 

.015 

30 

387.9 

.392 

.341 

.296 

J50 

.212 

.174 

.141 

.114 

.087 

.086 

.044 

.028 

.016 

21 

274.4 

.410 

.357 

.309 

.262 

.222 

.182 

.148 

.120 

.091 

.069 

.046 

.030 

.017 

32 

282. 

.430 

.375 

.325 

.275 

.233 

.191 

.155 

.126 

.096 

.072 

.048 

.031 

.018 

28 

250.8 

.450 

.390 

.338 

.287 

.243 

.199 

.162 

.131 

.100 

.075 

.050 

.033 

.019 

24 

240.5 

JJ8A 

.408 

.354 

.299 

.253 

.208 

.169 

.137 

.104 

.078 

.052 

.084 

.019 

25 

231. 

.486 

.424 

.367 

.311 

.263 

.216 

.176 

.142 

.108 

.081 

.054 

.035 

.020 

28 

222.8 

.506 

.441 

.382 

.323 

.274 

.225 

.183 

.148 

.112 

.084 

.056 

.037 

.021 

27 

214.2 

.524 

.457 

.398 

.335 

.284 

.233 

.190 

.153 

.116 

.087 

.058 

.038 

.022 

•28 

286.7 

.545 

.475 

.411 

.848 

.294 

.242 

.197 

.158 

.120 

.090 

.080 

.039 

.022 

29 

199.7 

.564 

.491 

.424 

.861 

.303 

.250 

.203 

.163 

.124 

.093 

.062 

.041 

.023 

For  ordinates  for  center  line  of  road,  see  pp  726  to  731. 
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RAILROAD  SPIKES. 

The  hook-headed  spikes  t,  commonly  used  for  confining  rails  to 
the  cross-ties,  vary  within  the  limits  of  the  following  table;  the  lightest 
ones  for  light  rails  on  short  local  branches ;  and  the  heaviest  ones  for 
heavy  rails  on  first-class  roads.  The  spikes  are  sold  in  kegs  usually  of 
150  lbs.  For  the  weight  of  spikes  of  larger  dimensions,  we  may  near 
enough  take  that  of  a  square  bar  of  the  same  length.  What  is  saved  at 
the  point  suffices  for  the  addition  at  the  head.  Price,  Philadelphia,  1890, 
from  2]4  cents  per  lb.  for  %  inch  thick,  to  3  cts.  per  tt>.  for  %  inch  thick. 
Corydon  Winch,  manufacturer.  Canal  St.  and  German  town  Ave.,  Phi  la. ; 
A  H.  W.  Middleton,  dealers,  940  Ridge  Ave.,  Phila. 


Size  in  ins. 

No.  per  keg 

No.  per 

100  tt>8. 

Size  in  ins. 

No.  per  keg 

No.  per 

loo  W 

Length. 

Side. 

of  150  lbs. 

Length.  1  Side. 

of  150  ft>s. 

4UX 

A 

52G 

350 

5WX     k 

350 

233 

5x4 

400 

266 

5V|X      A 

289 

193 

705 

470 

5{AX     % 

218 

146 

5     X      A 

5    X     k 

488 

325 

6     X     Vl 

810 

207 

890 

260 

6     X     % 

262 

175 

5      X      A 

5    X     k 

295 

197 

196 

130 

257 

171 

A  mile  of  single-track  road,  with  2640  cross-ties,  2  feet  apart  from 
center  to  center;  and  with  rails  of  the  ordinary  length  of  30  feet,  or  fifteen  ties 
to  a  rail;  will  have  352  rail-joints  per  mile;  and,  with  4  spikes  to  each  tie,  will 
require  10560  spikes,  or  nearly  37  kegs  (5500  lbs.)  of  5W  XA,a  size  in  very  com- 
mon use,  which  weighs  a  trifle  more  than  %  lb.  per  spike. 

But  an  allowance  must  be  made  for  rail-guards  at  road-crossings,  which  we 
may  assume  to  be  30  feet  wide,  or  the  length  of  a  rail.  A  guard  will  usually  con- 
sist of  4  extra  rails  for  protecting  the  track -rails,  and  spiked  to  the  15  ties  by 
which  said  track-rails  are  sustained.  Consequently  such  a  crossing  requires 
15  X  8  =  120  spikes.  For  turnouts,  sidings,  loss,  etc.,  we  may  roughly  average 
700*  spikes  more  per  mile;  thus  making  in  all  (if  we  assume  one  road-crossing 
per  mile)  10560  +  J  20  +700  =  11380  spikes  per  mile ;  or  say  6000  lbs.  or  40  kegs  of 
150  fi>s. 

Adhesion  of  Spikes.  Professor  W.  R.  Johnson  found  that  a  plain  spike 
.375,  or  %  inch  square,  driven  S%  ins.  into  seasoned  Jersey,  yellow  pine  or  un- 
seasoned ciiestnut,  required  about  2000  lbs.  force  to  extract  it;  from  seasoned 
white  oak,  about  4000 ;  and  from  well-seasoned  locust,  about  6000  lbs.  Bevan 
found  that  a6-penny  nail,  driven  one  inch,  required  the  following  forces  to  ex- 
tract it :  Seasoned  beech,  6(»7  lbs :  oak,  507 ;  elm,  327 ;  pine,  187. 

Very  careful  experiments  in  Hanover,  Germany,  by  Engineer  Funk 
give  from  2465  to  3940  lbs.  (mean  of  many  experiments,  about  3000  lbs.), 
as  the  force  necessary  to  extract  a  plain  ]4  inch  square  iron  spike,  6 
inches  long,  wedge-pointed  for  1  inch  (twice  the.thickness  of  the  spike), 
and  driven  4^  inches  into  white  or  yellow  pine.  When  driven  5  inches, 
the  force  required  was  about  A  part  greater.  Similar  spikes,  A  *ncn 
square,  7  inches  long,  driven  6  inches  deep,  required  from  3700  to  6745 
lbs.  to  extract  them  from  pine ;  the  mean  of  the  results  being  4873  lbs. 
In  all  cases  about  twin  as  much  force  was  required  to  extract  them  from  oak.  The 
spikes  were  all  driven  across  the  grain  of  the  wood.  Experience  shows  that  when 
driven  with  the  grain,  spikes  or  nails  do  not  hold  with  much  more  than  half  as 
much  force. 

Jagged  spikes,  or  twisted  ones  (like  an  auger),  or  those  which  were  either 
swelled  or  diminished  near  the  middle  of  their  length,  all  proved  inferior  to 
plain,  square  ones.  When  the  length  of  the  wedge  point  was  increased  to  4 
times  the  thickness  of  the  spike,  the  resistance  to  drawing  out  was  a  trifle  less. 
But  see  "Jag-spike"  in  Glossary. 

When  the  length  of  the  spike  is  fixed,  there  is  probably  no  better  shape  than 
the  plain  square  cross-section,  with  a  wedge-point  twice  as  long  as  the  width  of 
the  spike,  as  per  this  fig. 


*  This  allows  that  turnouts  aud  sidings  amount  to  about  1  mile  of  extra  track  on 
15  miles  of  road. 
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RAIX-JOIHTS. 

Art.  1.  A  track,  being  weakest  at  the  joints  between  the  rails,  where  they 
are  deprived  of  their  vertical  strength,  has  of  coarse  a  greater  tendency  to  bend  at 
those  points ;  and  this  bending  produces  an  irregularity  in  the  movement  of  the 
train,  which  is  detrimental  to  both  rolling-stock  and  track.  Moreover,  that  end  of  a 
rail  upon  which  a  loaded  wheel  is  moving,  bends  more  than  the  adjacent  unloaded 
end  of  the  next  rail ;  so  that  when  the  wheel  arrives  at  said  second  rail,  it  imparts  to 
its  end  a  severe  blow,  which  injures  it.  Thus,  the  ends  of  the  rails  are  exposed  to 
far  more  injury  than  its  other  portions.  Numerous  devices  have  been  resorted  to  for 
strengthening  the  joints  of  the  rails,  with  a  view  of  preventing  this  bending  entirely ; 
or,  at  least,  of  causing  the  two  adjacent  rail-ends  to  bend  equally,  and  together;  so 
as  to  avoid  the  blows  alluded  to.  None  of  these  joint-fastenings,  known  as  chairs, 
fiah-plates,  wooden  blocks,  &o,  have  proved  entirely  satisfactory. 

Much  of  the  deficiency  ascribed  to  the  fastenings,  is,  however,  really  due  to  want 
of  stability  in  the  cross-ties  at  the  joints,  and  more  attention  must  be  directed  to 
this  latter  consideration,  before  an  efficient  fastening  can  be  obtained.  Observation 
shows  that  when  the  joint-ties  are  very  firmly  bedded,  almost  any  of  the  ordinary 
fastenings  will  (if  the  joint  is  placed  between  two  ties,  instead  of  resting  upon  a  lie),* 
answer  very  well ;  whereas,  when  the  cross-ties  are  so  insecurely  bedded  as  to  play 
up  and  down  for  half  an  inch  or  more  under  the  driving-wheels  of  the  engines,  the 
strongest  and  most  effective  fastenings  soon  become  comparatively  inoperative.  All 
the  parts  of  the  best  of  them  will  in  that  case  become  gradually  loosened,  warped, 
bent,  or  broken. 

Experience  has  established  the  superiority  vof  suspended  joints  over  supported 
ones.  Long  fastenings,  perhaps,  possess  but  little  superiority  over  short  ones,  where 
the  track  is  not  kept  in  good  repair;  for  the  great  bearing  of  the  former,  although 
imparting  increased  firmness  on  a  good  track,  becomes  converted  into  a  powerful 
leverage,  by  which  it  accelerates  its  own  destruction,  in  a  bad  one.  An  element  in 
the  injury  of  joints,  is  the  omission  of  proper  fastenings  at  the  center  of  the  rails. 
Each  rail  should  be  so  firmly  attached  to  the  cross-ties  at  and  near  its  center,  as  to 
compel  the  contraction  and  expansion  to  take  place  equally  from  that  point,  toward 
each  end.  It  would  probably  be  somewhat  difficult  to  accomplish  this  perfectly. 
The  attempts  hitherto  made  have  failed. 

Under  the  extremes  of  temperature  in  the  United  States,  bar  iron  expands 
or  contracts  about  1  part  in  916;  or  1  inch  in  76%  feet;  consequently,  a  rail 
30  ft  long  will  vary  A  inch ;  and  one  20  ft  long  fully  W  inch. 

Beside  this,  the  rails  are  very  liable  to  move  or  creep 
bodily  in  the  direction  of  the  heaviest  trade,  especially  when  the 
grade  descends  in  the  same  direction;  and  by  this  process  also  the  joint-fastenings 
are  exposed  to  additional  strain  and  derangement.* 

All  rails  appear  to  become  elongated  very  slightly  at  their  ends  by  use;  and  this 
renders  a  full  allowance  for  contraction  and  expansion  the  more  necessary. 

Art.  2%  Even  Joints  and  broken  Joints.  If,  in  the  two  lines  of 
rails  forming  a  track,  the  joints  are  placed  opposite  to  each  other,  they  are  called 
"even  joints;"  while  "staggered"  or  "  broken"  joints  are  those  where  each  joint 
in  one  of  the  lines  of  rails  is  opposite  to  the  middle  of  a  rail  in  the  other  line.  In 
the  latter  case,  the  jar  of  passing  from  rail  to  rail  is  less  severe,  but  of  course  more 
frequent,  than  where  both  wheels  make  that  passage  at  the  same  time. 

Art.  S.  Beveled,  or  mitred  joints.  To  lessen  this  Jar,  Mr.  Say  re  sug- 
gests cutting  tlie  rails  so  that  the  vertical  plaue  forming  the  rail  end  shall  make  an 
angle  of  46°  to  60°  with  the  longitudinal  vert  plaue  of  the  web  of  the  rail,  instead  of 
the  usual  right  angle.  This  would  permit  the  use  of  longer  mils  than  are  now  laid, 
as  the  great  space  (i^inch  or  more)  between  the  ends  of  such  long  rails  in  cold 
weather,  would  not  be  so  serious  an  objection  when  the  ends  were  thus  cut  obliquely. 
This  method  of  cutting  the  rails  has  been  tried,  with  good  results,  but  has  not  yet 
come  into  general  use.  It  is  claimed  that  a  comparatively  inexpensive  change  in  the 
arrangement  of  the  saws  at  the  rolling  mill,  would  permit  the  rails  to  be  cut  with 
ends  at  any  angle,  as  readily  as  with  square  ends,  and  without  further  increase  in 
the  cost  of  sawing. 


♦  In  the  first  case  the  joint  Is  called  a  suspended  one;  in  the  last  a  supported 
one. 
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Art.  8. 


m 


The  wheel-tread  and  76  lb  steel  rail,  shown  (one-fifth  of  real  size)  in 

Fig  3,  are  those  designed  by  Robt.  H.  8ayre, 
€.  E.,  and  used  by  the  Lehigh  Valley  Kit, 

under  very  heavy  traffic.  The  angle-plate 
Joint  was  designed    by  Mr.  John  Frits, 

Snpt  Bethlehem  Imu  Co,  Bethlehem,  Pa.  and  Mr. 
8ayre9  and  has  been  in  use  on  the  Lehigh 
Valley  R  R  for  the  past  12  years. 

These  forms  of  wheel-tread,  rail,  and  splice,  are 
the  result  of  careful  study,  and  each  detail  has 
been  modified  from  time  to  time  as  experience 
dictated,  until  now  they  are  probably  the  most  per- 
fect in  this  country.  Mr.  Sayre  places  the  stems 
of  the  two  plates  much  farther  apart  than  usual, 
thus  giving  the  joint  greater  lateral  strength;  at 
the  same  time  adding  to  its  vertical  streugth  by 
the  support  given  to  the  lower  side  of  the  rail- 
head by  the  upper  enlargement  c;  while  the  lower 
one  a  secures  a  full  bearing  on  the  flange  of  the 
rail.  The  joint,  for  76  lb  rail,  complete,  2  ft  long, 
with  4  bolts  %  inch  diam,  weighs  40  to  48  lbs, 
depending  upon  the  thickness  of  the  nngle  plate. 
The  drilled  bolt-holes  in  the  stem  of  the  rail,  are  I 
inch  diam,  to  allow  the  rails  to  contract  and  expand. 


»   1 

INCHES 

Fig.3. 

Art.  9.    Figs  4  and  5  (one-fifth  of  actual  size)  show  an  angle-plate  Joint 

made  by  Cambria  Iron  <!©,  Johns- 
town, Pa,  office  218  S  4th  St,  Phila,  and  fur- 
nished with  their  patent  nut-lock. 

which  consists  of  a  small  piece,  or  "key, 
p,  of  Bessemer  steel,  semicircular  in  cross- 
section  at  one  end,  and  tapered  to  a  hori- 
zontal edge  at  the  other.  After  the  nut  has 
been  screwed  to  its  place,  the  key  is  driven 
close  up  to  it,  and  then  the  pointed  end  of 
the  key  is  bent  up  (us  shown  in  Fig  5)  by  a 
^^^^___^___^__^__^__^  special  tool  with  a  lever  attached.    The  key 

5' *{       J        8       I       5       <>  "  prevented  from  fulling  out  sideways  by 

xm  «.  a    INCHES       -,.      „  the  edge  of  the  longitudinal  groove,  Fig  4,  in 

-*lg«4.  Fig. 5.         the  angle-plate,  Into  which  it  fits.  This  nut- 

lock  resembles  that  used  with  the  old  form 
of  Fisher-joint,  see  B  Figs  15.  See  nut-lock  washers,  p  408. 

Art.  10*  Both  fish-  and  angle-plates  are  apt  to  crack  vertically  about  the  mid- 
dle of  their  length,  or  opposite  to  the  joint  in  the  rail.  To  obviate  this,  the 
"Samson-bar  "  (which  is  made  either  of  fish  or  of  angle  form)  is  rolled  about 
half  inch  thicker  at  the  middle  than  at  its  ends.  The  thickened  portion  is  about  8 
ins  long,  extending  say  4  ins  each  way  from  the  joint,  but  the  upper  edge  of  the  bar, 
upon  which  the  head  of  the  rail  bears,  and  injis/i-bars  the  lower  edge  also,  are  made 
of  this  increased  thickness  throughout  their  length.  These  joints  are  (1886)  largely 
used  on  the  Western  railroads  of  the  TJ.  8.  Their  cost  is  about  the  same  as  that  of 
ordinary  fish-  and  angle-joints.  They  are  made  by  Morris  Sellers  k  Co,  office  No.  6 
Ashland  Block,  Chicago,  III. 

Art.  11.  Fish-  and  angle-plates,  of  all  the  patterns  shown,  and  others,  are 
rolled  to  suit  different  sizes  and  shapes  of  rails.  The  bolt 
heads  are  usually  round,  and  the  shoulders  of  the  bolts,  immediately  under 
the  heads,  are  therefore  made  of  oval  cross-gection,  fitting  into  corresponding  oval 
holes  in  the  fish-  or  angle-plate.  The  l>olt  is  thus  prevented  from  turning  when  the 
nnt  is  screwed  on.  and  afterwards.  Many  devices  have  been  tried,  with  a  view  to 
preventing  the  nuts  from  wearing  loose  (see  lock-nut  washers, 
p406).  The  Vulcanized  Fibre  Co,  Wilmington,  Del,  furnish  a  vulcanized 
washer,  which  is  intended  to  act  as  an  elastic  cushion,  deadeuing  shocks  and 
vibrations.    They  are  said  to  become  hard,  and  lose  their  elasticity,  iu  time. 

The  plates  are  frequently  rolled,  as  in  Figs  17,  with  a  longitudinal  groove. 
as  wide  as  the  head  or  nut  of  the  l>olt,  and  about  V£  inch  deep,  running  their  entire 
length.  This  groove  receives  either  the  head  of  the  bolt,  which  in  such  cases  is 
made  square  or  oblong  and  inserted  first,  and  the  nut  afterwards  screwed  on;  or 
else  the  nut  is  first  placed  in  the  groove,  and  the  bolt  afterwards  screwed  into  it. 
This  is  intended  to  prevent  the  unscrewing  of  the  nut,  but  cannot  be  relied  upon  to 
do  so. 
It  if  well  to  have  the  slots  in  the  flanges  of  rails  or  of  angle-bars  so  spaced  that 
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the  two  spikes  of  a  Joint,  driven  into  the  same  © 


tie, 


shall  not  be  directly  opposite  to  each  other,  hut  "staggered,1'  so  as  to 
diminish  the  danger  of  splitting  the  tie. 
Joints  are  frequently  laid  with  one  fish-  and  one  angle-plate. 

In  1888.  angle-  and  fish-plates  cost  about  2  cts  per  lb;  holts  and  nuts,  3  cts  p* 
lb.  The  cost  of  a  complete  angle-joint,  with  four  bolts,  for  70-ft>.  rail,  is  from  80  cts 
to  f  I  20 ;  of  a  fish-joint,  6 » to  80  cts.    See  p.  764. 

Art.  12.  It  will  be  noticed  that  both  tieh-  and  angle-plates  act  by  placing  a 
support  under  the  head  of  the  rail.  The  Fisher  bridge-Joint,  Figs  6  to  9, 
made  by  Mr.  Clark  Fisher.  Trenton,  N  J,  applies  the  support  under  the  bait  of  the 
mil. 

The  principal  feature  of  this  joint  is  a  flanged  beam,  Fig  6,  about  6  ins  wide  and 
22  ins  long,  which  extends  across,  and  is  spiked  to,  the  Two  joint-ties,  as  in  Fig  7. 
The  holes  for  the  spikes  are  placed  so  that  the  two  spikes  in  the  same  tie  are  not 
opposite  to  each  other;  and  the  flanges  F  F  also  are  staggered,  so  as  not  to  interfere 
with  the  driving  of  the  spikes.  The  joint-ties  T  T  are  placed  7  inches  apart  in  the 
clenr.    The  beam  has  an  upward  camber  of  about  one-eighth  of  an  inch.    The  two 


Fig.9. 


Fig.6. 


Fig.  7. 


Fig.  8. 


rati -ends,  forming  the  joint,  rest  upon  the  beam,  and  meet  at  the  middle  of  its 
length.  They  are  held  down  to  it  by  a  single  U-shaped  bolt  B,  of  1  inch  diam, 
with  a  nut  on  each  leg.  These  nuts  bear  directly  upon  the  horizontal  npper  sides 
of  the  "  fore-locks"  L  L,  one  of  which  is  shown  separately  in  Fig  9.  The  fore-locks 
are  rolled  to  fit  accurately  to  the  rail-flanges.  The  legs  of  the  U-bolt  pass  first 
through  the  circular  holes  h  A,  in  the  beam.  Fig  6;  next  through  rounded  notches 
cut  in  the  corners  of  the  rail-flanges ;  then  through  the  holes  in  the  fore-locks ;  and 
liistly  through  the  nuts.  Between  the  U-bolt  and  the  bottom  of  the  beam  is  placed 
a  small  piece  *,  of  spring  steel, slightly  cambered  downward,  and  having  two  semi-cir- 
cular notches  for  the  legs  of  the  U-bol.t,  which  hold  it  in  place.  This  is  intended  to  keep 
the  joint  elastic,  to  take  up  any  loose  space  produced  by  the  wear  of  the  surfaces  in 
contact,  to  render  less  abrupt  the  strains  on  the  bolt,  and,  by  keeping  the  threads 
of  the  nut  pressed  against  those  of  the  bolt,  to  prevent  the  nuts  from  becoming 
loose.  The  joints  are  shipped  from  the  factory  complete,  and  with' all  the  parts 
bolted  together;  the  nuts  being  screwed  down  to  within  about  two  threads  of  their 
final  places,  so  that  the  ends  of  the  rail-flanges  can  be  easily  slid  into  place  under 
the  fore-locks. 

As  an  additional  precaution  against  creeping  of  the  rails,  the  rail-flanges  may  be 
slotted  near  their  ends,  as  in  cases  where  fish-plates  are  used,  and  spikes  driven 
through  these  slots.  For  such  cases  the  beams  are  punched,  at  the  mill,  with  four 
additional  square  holes  a  little  further  from  the  edges  of  the  beam  than  the  others. 
Unlike  the  angle-  and  fish-plate  joints,  the  Fisher  may  be  used  with  any  section  of 
T-rail ;  and  the  head  of  the  rail  may  be  made  stronger  by  being  rolled  pear-shaped, 
which  is  inadmissible  with  fish- and  angle-joints,  because  these  require  a  nearly 
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horizontal  bearing  on  the  under  side  of  the  head.  Tho  "  Fisher"  requires  no  drill- 
ing or  punching  of  the  stem  of  the  rail.  It  costs  about  25  per  cent  more  than  a 
fish-  or  angle-joint  for  the  same  rail.  Its  weight,  complete,  for  66-Ib  rail,  is  about 
32  lbs. 

Mr.  Fisher  makes  also  an  extra  strong  Joint  with  three  U- bolts, 
for  heavy  curve*  and  for  places  liable  to  wash-oats.  It  is  intended  to  support  the 
joint,  even  if  the  ballast  is  removed  from  under  the  joint-ties.  Either  of  the  Fisher 
joints  can  be  made  of  any  desired  weight.  The  "Fisher"  is  largely  used  on  some 
of  the  principal  eastern  roads,  and  with  very  satisfactory  results.  Figs  16,  p  768. 
show  an  old  form  of  this  joint. 

Art.  IS.  The  Gibbon  boltless  rail-joint,  Figs  10, 11,  and  12,  inveuted 
by  Mr.  Thos.  H.  Gibbon,  C  E,  Albany,  N  Y,  is  a  supported  one.    Two  inches  in  length 


Fig.  lO. 


Fig.  12. 


of  the  head,  at  each  rail-end,  have  to  be  cut  off,  as  in  Fig  10;  but  no  further  cutting, 
and  no  punching  or  drilling,  of  the  rail,  is  required.  Over  the  ends  of  two  rails,  thus 
cut,  and  placed  together  iu  their  final  position  on  the  ties,  the  Bessemer  steel  "sad- 
dle-casting," Fig  11,  is  placed.  The  top  of  this  casting  is  shaped  so  as  to  correspond 
with  the  head  of  the  rail;  and  its  length,  4  ins,  just  occupies  the  space  cutaway 
from  the  ends  of  the  two  adjoining  rail-heads.  The  feet  of  the  casting  fit  into  notches 
cut  in  the  joint-tie  at  the  sides  of  the  rail.  The  ends  of  the  rails  are  then  raised 
slightly,  and  the  base-plate,  Fig  12,  of  iron  or  steel,  is  slipped  through  the  slot  «  in 
the  side  of  the  saddle-casting,  then  under  the  base  of  the  fail,  and  lastly  through  a 
corresponding  slot  in  the  opposite  leg  of  the  saddle-casting.  Spikes  are  then  driven 
into  the  tie  through  the  four  holes  in  the  base-plate,  and  the  joint  is  complete.  The 
saddle-casting  and  base-plate  weigh,  together, about  24  lbs,  and  eost  (1886)  $1.00. 
Art.  14.  The  following  are  some  forms  of  rail-joint  that  have  fallen  into  disuse, 
or  have  been  proposed  but  not  adopted.  They  illustrate  early  practice,  and  may  b» 
useful  as  hints. 

Fig  13  was  an  early 

f  o  r  m     of     supported 

wroaght*!  ron 

chair.    It  was  about 

7  ins  square,  «J£  thick, 

and  weighed  10 lbs.  Fig 

14  is  a  later  form,  still 

furnished,  to  some  ex-  ^^   /-_,« 

tent,  by  the  Tredegar  ^g^  Flg.14. 

Co,  of  Richmond,  Va. 
Figs  15  show  one  of  the  earliest  forms  of  the  Fisher  joint.  It 
was  at  one  time  largely  used  on  the  Lehigh  Valley  R  R.  (For  the  present  form  of 
this  joint,  see  p  766.)  It  was  a  suspended  joint ;  and,  instead  of  the  long  supporting 
beam,  or  bridge-plate,  of  tho  present  pattern,  it  had  a  plate  c,  6  ins  square.  It  had 
2  TJ-bolts,  each  of  1  inch  diam,  and  the  fore-locks  i  I  were  6  ins  long,  and  had  two 
holes  each.  The  lower  side  of  the  thread  on  the  bolt  was  made  horizontal  as  at  j. 
The  thread  in  the  nut  was  somewhat  as  at  I.    In  screwing  on  the  nut,  these  two 


Fig.  13. 
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threads  were  forced  into  conformity,  tbus  employing  the  principle  of  the  present 
Harvey  lock-nut,  p  408.  A  nut-lock  B,  somewhat  similar  to  the  Cambria  patent 
lock,  p  765,  was  used  as  an  additional  precaution. 


<       If       > 


Figs  16  fchow  a  remarkable  suspended  fastening,  called  tne  Rinjr- 

JoJfit;  highly  approved  of  at  one  time  on  the  Camden  AAmboy  road  (now  Peon* 
K  R,  United  Railroads  of  New  Jersey  Division)  on  which  it  was  employed  for  many 
years,  under  a  heavy  traffic ;  to  the  almost  entire  exclusion  of  others,  except  for 
experimental  comparison. 


Figr.  16. 


This  fastening  consisted  of  a  simple  welded  triangular  ring  tea,  (in  the  end  view; 
or  m  in  the  side  view.) "%  an  inch  thick,  and  3^  ins  wide.  '1  his  ring  passed  through 
a  slot  v  v,  (see  middle  fig,)  4  ins  long,  cut  into  the  adjacent  rail-ends.  Two  cast-iron 
wedges  w  to,  6  to  8  ins  loug,  of  a  shape  to  fit  the  ring  and  the  rail,  were  iuserted  be- 
tween them ;  and  a  thinner  one  »  «,  of  plate  irou,  below  the  rail.  The  first  were  catt 
around  a  cylindrical  rod  of  rolled  iron,  (to  of  the  end  view,  ti  of  the  side  Tie w,)  about 
%inchdiam;  and  a  little  longer  than  the  wedges;  for  increasing  their  strength, 
and  for  preventing  them  from  falling  out  from  the  chair  in  case  they  shonld  brmk, 
which  they  sometimes  did.    The  rail-ends  sometimes  split,  as  shown  at  I  and  k. 

The  joint  was  suspended  between  two  cross-ties,  1  ft  apart  in  the  clear. 
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Figs  11  represent  the  combined  suspended  joint -fasten  I 
Pliibuin  *  Reading  railroad  by  J.  Dullon  Steele,  0  B. 

In  .He  (IB*4). 


The  Joint  la  impended  betereeo  2  cross-ties,  placed  in  apart  In  the  clear.  B  la  ■ 
block  (known  u  Trimbles  apllce)  of  oak,  »IijS  Ina,  and  3  ft  long,  dreeeed  on  one 

■Me  in  Ht  tlx:  cut-ids  ut  the.  mil ;  imtl  c  ii.  a  r.jllnl  Ash,  IV  imi  1. ■!.(!.  istiuwn  nu.r,-  in 

jbf  raTi  ,"«  "X,U  j*W%  fill  b^  Lom*  ri'^jIC^'^'X,  T:  "om^^, 

needed  spik*",  !i  in.l,  mm'.™.  I.)  f.^  i  us  long.    1'be  bends  of  the  two  icrew-bolte  in 

i.m.u.  ,:l.,Mv/l1!.t,.u..ni!.  i*li-itr  V l'Ii  b.  1I4.1  in.- rutin*  Int..  lbs  groove  n  n,  seen 

If,  I  V 

ever,  unscrew  Hienaalm,  IHrtfflfhstsnnlnEthlt  prwilntl'TI,  The  strnlii  on  tbe  tnrev- 
bolta  is  greet,  biith  ii-rt  r.nii  I  or;  ui.il   It  bciuriir:..  >7ii-iii.-r  :u   [],,■  v.ui..lerj  bluflirj  in 

10  act  In  nniftcl  unison  with  tbe  other  parts  of  tbe  Kittening,  In  sustaining  passing 
loads;  and  when  the  track  la  not  kept  in  Rood  order,  the  various  parts  may  plainly 

bott-uuta  then  loosen;  and  the  flab,  pieces  Jong  chairs,  ud  lone  lroltah  become  bent; 
average  life  of  6  to  S  yean,  upon  roads  kept  in  tolerable  order, 

Jk  •§  i. 

Fig.  IB.  Fig-.  19. 

Flu  IS  Is  a  joint  forU-rall  It  w«  of  rolled  iron,  aft  long,  and  retted  on  3  tin. 
It  was  rlwted_loou.lT  to  01*  flange  of  the  mil,  a.  abo«n  on  the  right-hand  aide.  It 
"T'g'lS  to  "iofaWmttnVg'pra^Kd  many  yarn  lince  by  Alex.  W.  Km,  «J  E, 

°  Fig'ai»«e  elan  one  of  the  nnmeroui  joint-fastening,  tnggeeted  at  an  early  daj ; 
bnt,  like  the  fowgolpg.  It  mm  came  into  at  In  l.-histlw  j*""""  '"/■■  «  ™  d 
lM-i.bablnr.ftkc  at.  eUb'i-i.t  fiwiminjii  oajwcially  with  Hie  ii.lititi,.],  ,.[  a  t.r..;id  tbui 
.-nil,  i;,-t«»,.,i  tli»bi.ttoni.)f  [linmiland  theloni  uf  tl.clmir.      II.  is  «..ui.l  1I1.1.111- 
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Art.  1.    To  enable  an  engine  and  train  to  pass  from  one  track,  A  B,  Fig  1,  to 
another,  A  D,  a  turnout  is  introduced.     This  constate  essentially  of  a 


..— .—„._-.._.».  J£. 


switch,  q  m  p  s,  a  frog,/,  and  two  fixed  frnard-rails,  g  and  gf.  If  a  switch 
is  made  to  serve  for  two  turnouts,  A  D  utid  A  IV,  Fig  2,  one  on  each  side  of  the  maiA 
track,  A  B,  it  is  called  a  three-throw  switch. 


V 


X^^ 


Fig.  2. 


Pig.  S. 


Art.  2.  When  a  train  approaches  a  switch  in  the  direction  of  either  arrow,  Fig 
1 ;  or  so  that  it  passes  the  frog  before  reaching  the  switch,  it  is  said  to  **  trail" 
the  switch.  When  it  approaches  in  the  opposite  direction,  panning  the  twitch  before 
reaching  the/rap,  it  is  said  to  u  face  "  the  switch.  Fig  3  represents  a  portion  of 
a  double-track  road  in  which  the  trains  keep  to  the  right,  as  shown  by  the  arrows. 
In  this  fig,  V  and  W  are  "trailing "  switches;  and  X  and  Y  are  "facing"  switches. 
In  order  to  leave  the  main  track  by  a  trailing  switch,  a  train  must  move  in  a  direc- 
tion contrary  to  the  proper  one  on  said  track. 


Art.  3.  Misplaced  switches.  A  moving  train,  facing  any  switch,  most 
plainly  go  as  the  switch  is  set,  whether  right  or  wrong.  If  wrong,  serious  accident 
may  result.  For  instance,  the  train  may  run  upon,  and  over  the  end  of,  a  short 
trestle  siding,  or  may  collide  with  a  train  standing  or  moving  upon  the  turnout 
Safety  switches,  such  as  the  Lorenz,  Arts  13,  Ac,  and  Wharton,  Arts  18,  Ac, 
are  so  arranged  that  trains  trailing  them  can  pass  them  safely,  even  if  the  switch 
is  misplaced.  But  In  the  case  of  the  plain  stub-switch.  Art  4,  when  mis- 
placed, a  trailing  train  will  leave  the  rails  at  b  and  r,  or  «  and  u,  Fig  4,  and  mo 
upon  the  ties. 

Stub-switches  are  frequently  provided  with  " safety-castings  »•  of  iron, 
bolted  to  their  sides,  and  reaching  from  their  toes  m  and  «,Fig  4.  several  feet  toward 
p  and  q.  These,  in  case  of  misplacement  of  the  switch,  receive  the  flanges  of  the 
wheels  of  a  trailing  train,  and  guide  the  wheels  safely  on  to  the  switch-rails  q  a 
p  *.    The  •* Tyler "  switch  is  arranged  in  this  way. 
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>miu»n  hlnnt-euded  or  stol*-swl*oli  mulala 

OTtaU.imanipl.-Flg,  1  and  4.    The        ■  '  

ends,  m  and  i,  form  the  '•  toe."  and  a. 


«  fromd 


and  n  (where  they  are  In  line  with  the  mnln-track  raits.  H  and  i-i)  to  n  and  ■ 

On  main  lines  of  road,  tho  ■witch-mill  are'nsnall'y  from  18  to  K  feet  long  from 
heel  to  toe.  Formerly  their  heels,?  and  ji.wi. if  n.-l  li  l.:'i[iff  tuuiincd  in  tug  tame 
ehairn  which  held  Ilia  adjoining  enda  of  the  MalitJuii  i :  w  bj  being  uiiiUBted 

iicallT  atraieht.  even  when  set  for  the  turnout.    Now.  however.  Ihejan  general]* 


id  mo  as  to  form  fat  least  approxImB 


clttmp-riKla,  R  R  R',  Fi| 

— te Gaugi 


tially  detached  and  drag  on  the 


er   L,l>j  whir. 

'',.,d,M.]';i.i.!'7''rMt"liu 


etc,  11g  4.    Bee  second  paragraph  of  Art  10,  p  ' 
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Art.  8.   The  awl  ten  .levers*  and  the  switeh-atands  to  which  they  are 

attached,  are  made  in  a  great  variety  of  forms.  See  Figs  7, 8, 9, 14, 15,  and  17.  That 
shown  in  Figs  7  and  8  is  the  "  Tumbllng-lever  stand  "  or  •*  Ground-lever 
stand,"  and,  in  its  nnmeroos  modifications,  is  very  largely  used.  It  is  so  arranged, 
that,  whichever  way  the  switch  is  set,  the  crank,  C,  is  on  the  dead  center,  so  that 
the  lateral  strains  of  passing  cars  or  engines  can  exert  no  tendency  to  tarn  it,  The 
M  Greenwood"  stand,  made  by  the  Pennsylvania  Steel  Co,  Steeltou,  Pa,  has 


a  tumbling  lever,  but  is  so  arranged  that  (unlike  the  ordinary  tumbling  lever)  it 
can  be  used  for  either  a  two-throw  or  a  three-throw  switch. 

Tumbling  switches  are  convenient  because  they  occupy  but  little  space.  By  means 
of  a  target  or  lantern,  connected  with  the  switch,  they  may  be  made  to  indicate  to 
the  engine  driver  the  position  of  the  switch. 

When  the  switch  is  set  either  way,  the  lever  is  padlocked  to  a  staple  driven  Into 
the  tie  and  passing  up  through  the  slot  in  the  handle  of  the  lever.  The  lever  is  fre- 
quently made  with  a  Weight  of  say  20  lbs  on  its  free  end,  to  aid  in  bringing  it  dowa 
to  its  proper  position.  Price  of  a  tumbling-lever  Btand,  1888,  $&50  to  $5.00,  with- 
out target. 

Art.  6.  Fig  9  represents  a  common  form  of  the  upright  lever  And  stand. 
The  switch-rod,  E'  Figs  4. 7  and  8,  is  generally  attached  at  the  lower  end.  A,  of  the  lever. 
The  cast-iron  frame,  F,  is  fastened  to  the  long  tie,  T,  Fig  4,  by  large  screws  or 
spikes,  whioh  pass  through  its  broad  feet  or  flanges,  fi  B.  The  top  of  the  frame  is 
provided  with  two  notches,  N  N,  and  staples,  to  which  the  lever  is  secured  by  a 
padlork.  When  this  stand  is  to  be  used  for  a  ttree-throw  switch,  the  frame  has 
three  notches  and  three  staples.  The  upright  stand  may  be  used  wlterever  it  will 
not  be  in  the  way  of  passing  trains.  The  target,  T,  at  the  top  of  the  lever,  by 
showing  the  position  of  the  latter,  indicates  to  the  driver  of  an  approaching  engine 
wl.tch  way  the  switch  is  set. 


Fig.  9. 


MONKEY  SWITCH 

Fig.  10. 

Art.  7.  In  the  "  Monkey-switeh,"  Fig  10,  the  crank,  ©»,  is  moved  hori- 
zontally through  an  arc  of  a  circle  by  means  of  the  lever,  h  A,  about  3  ft  long,  which 
fits  upon  the  square  head, «,  of  the  vertical  spindle  or  pin,  a  o.  The  switch-rod,  B'  Jigs 
4,  7  and  8,  is  attached  to  the  pin,  i  v. 

Many  modifications  of  the  monkey -switch  are  in  use.  The  spindle,  so,  is  fre- 
quently made  long  enough  to  bring  the  lever  to  about  the  level  of  the  hand;  and 
the  lever  is  permanently  attached  to  the  stand,  and  hinged  near  the  spindle  so  as 
to  hang  down,  out  of  the  way,  when  not  in  use.  To  the  top  of  the  spindle  is  fre- 
quently attached  a  vertical  rod  of  any  desired  length,  and  carrying  at  Its  top  a  target 
which  turns  as  the  spindle  does,  and  thus  indicates  the  ]«osition  of  the  switch. 
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Art*  8.  All  parts  of  the  switch-stand,  and  the  tie  upon  which  it  rests,  should 
be  perfectly  rigid,  because  it  is  very  important  that  they  should  hold  the  ends  of 
the  switch-rails  exactly  in  line  with  those  of  the  main  line  and  turnout.  They 
therefore,  in  view  of  the  great  strains  to  which  they  are  subjected,  must  be  strongly 
constructed,  and  frequently  looked  after.  See  Automatic  switch-stand,  Art  12, 
and  Oe  Tout's  switch-stand,  Art  14. 


±. 


-Ml 


K 


Fig.  11. 


Art.  9.  In  Figs  1  and  4,dqmia  called  the  switch-angle.  The  dist,  dm, 
Figs  1,  4,  and  11,  required  for  the  motion  of  the  toes,  is  calledthe  throw  of  the 
switch.  It  must  be  equal  at  least  to  the  width,  dw,  Fig  11,  of  the  top  of  the  rail, 
in  addition  to  a  width,  to  m,  sufficient  to  allow  the  flanges  of  the  wheels  to  pass 
along  readily  between  b  and  e,  Fig  1,  and  between  r  and  u.  The  tops  of  the  rails 
are  generally  between  2  and  2^£  ins  wide;  and  about  1%  to  2%  in*  suffice  for  the 
flanges.    The  throw,  d  in,  however,  is  commonly  about  5  ins. 

The  fratlge,  Fig  6,  p  771,  of  a  railroad  track,  is  the  distance  between  the  inter 
■ides  6G'  of  the  heads  of  its  two  rails.  Hence  these  inner  sides  are  called  the  gauge 
sides  of  the  rails. 

Art.  10.  The  stub-switch  is  cheaper  in  first  cost  than  the  improved  safety 
switches,  Arts  13, 18,  etc,  but  is  less  economical  in  the  long  run. 

As  it  is  very  essential  that  the  toes  of  the  switch-rails  should  never  come  into 
contact  with  the  adjoining  rail-ends,  a  space  of  about  an  iuch  must  be  allowed 
at  the  toes  for  expansion,  and  for  "creeping"  (see  p  764).  This  renders  the  blows 
of  passing  trains  very  severe,  and  injurious  to  rolling  stock,  and  to  the  rail-ends. 
The  latter  are  worn  away  rapidly  and  must  be  frequently  renewed.  Fran  the  same 
cause  the  tie  under  the  head-plate  is  apt  to  become  loose  in  its  bed. 

In  ordering  fixtures  for  stub-switches,  the  exact  section  of  rail, 
and  gauge  of  track,  should  \*>  given.  The  cost  of  a  stub-switch  with  switch 
stand,  is,  1888,  from  $18  to  $30,  according  to  size,  finish,  character  of  stand,  Ac,  Ac 
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switch-rafl»  against  the  stock-rails,  ttuvi  occasioned,  is  Injurious  to  both,  and  liable  to 
break  the  former.  On  the  other  hand,  the  compression  of  the  spring,  during  the 
passAff"  of  the  train  through  the  switch,  sometimes  impair*  its  elasticity,  so  that  it 
then  fails  to  return  the  wwitch  rail  to  its  proper  position  in  contact  with  the  stock- 
rail,  and  allows  it  to  remain  half  an  inch  or  more  away  from  it.  and  in  dancer  of 
being  struck  by  the  wheel  flanges  of  approaching  train*  "  feeing "  the  switch.  A 
similar  accident  may  happen  during  the  ordinary  working  of  the  switch,  if  an 
obstacle,  as  a  small  stone,  becomes  lodged  between  the  switch-rail  and  the  stock- 
rail ;  for  the  spring  may  permit  the  switchman  to  force  the  switch-lever  home  to  its 
place  without  bringing  the  two  rails  properly  into  contact.    See  Art.  14. 

Art.  14.  Be  Vout's  safety  switch-stand,  Fig  17,  made  by  Penna 
Steel  Co,  is  designed  to  remedy  this.  In  this  stand,  the  spring  is  placed  in,  and  se~' 
cured  to.  a  semi-cylindrical  iron  spring-case  or  box,  B ;  to  the  opposite  aides  of  which 
are  fixed  two  hor  axles.    One  of  these  is  shown  at  A.    Ibis  axle  passes  through  the 


Fig.  17. 


switch-lever,  L,  near  its  fulcrum,  F.  It  also  passes  through  the  inverted  T-shaped 
slot,  H,  in  the  rigid  bar,  S,  which,  together  with  the  bar,  W,  attached  to  the  spring- 
case,  is  jointed,  at  J,  to  the  switch-rod,  R'.  When  the  switch  is  properly  set,  either 
for  the  main  line  or  for  the  turnout,  the  axle,  A,  is  in  the  hor  part  of  the  slot,  H, 
aud  immediately  under  the  vert  part,  so  that  there  is  uo  obstruction  to  the  move- 
ment of  the  switch,  and  a  trailing,  train  will  open  a  misplaced  switch  as. explained 
in  Arts  12  and  IS.  But  when  the  lever  is  raised,  for  the  purpose  of  setting  the  switch 
in  the  other  position,  the  axle,  A,  rises  into  the  vert  part  of  the  slot,  as  in  the  fig, 
lifting  the  spring-case  with  it.  If  now  any  obstruction  prevents  the  switch-rail 
from  being  pressed  home,  the  rigid  bar,  S,  by  means  of  the  axle,  A,  prevents  the 
lever,  L,  from  moving  farther.  Cost  of  De  Tout's  stand,  1888,  is  about  $12, 
without  target. 

Art.  15.  Theory  would  require  that  the  lengths  of  the  switch-rails, 
in  split-switches,  should  vary  with  the  radius  of  the  turnout  curve,  and  formerly 
they  were  so  made.  Where  this  radius  is  such  that  a  No  10  frog  (see  Art  26)  is  re- 
quired, the  switch-rails  should,  theoretically,  be  28  ft  long.  But  in  practice  a  uni- 
form length  of  15  ft  (just  half  the  usual  length  of  the  steel  rail  from  which  the 
switch-rails  are  cut)  for  all  turnouts,  gives  the  best  results,  combining  economy  of 
manufacture  with  greater  strength,  and  greater  ease  of  handling,  than  are  possible 
with  much  longer  rails. 

A  rt.  16.  It  will  be  noticed  that  in  point-switches  (as  atao  in  the  -Wharton  switch, 
Arts  18,  Ac)  there  can  be  no  such  jar  as  that  occasioned  in  the  stub-switch  by  the 
long  space  between  the  toes  of  the  switch-rails  and  the  ends  of  the  adjoining  rails. 

Art.  17.  It  is  important  that  the  thin  portions  of  each  switch-rail  should  bo 
carefully  shaped  so  as  to  receive  throughout  a  firm  lateral  support  from  taa  stock- 
rail  wheu  in  contact  with  it.  Otherwise  the  switch-rails  are  in  danger  of  bending 
under  the  lateral  pressure  of  passing  trains.  This  might  throw  the  point  out  from 
the  stock-rail*  endangering  the  train. 

The  priee  of  a  l$-ft  Lorens  switch,  including  the  two  point-rails  with 
connecting-bars,  spring,  spring-fixtures,  switch-rod,  slide-plates, and  rail-braces,  but 
exclusive  of  stockf  rails,  lever,  and  stand,  is,  1888,  about  $30  to  $40,  according  to  weight 
of  rail,  gauge,  Ac.  ;; 

Lorens  switches  about  7Uft  Ions*  are  made  for  yard  use.  Price, 
including  the  same  items  as  in  the  full-sized  switches,  1888,  about  826  to  $33, 

Art.  IT  a.  Fig.  17a  shows  a  throe-throw  point  swMsJh  mad*  by  11m 
Weir  Frog  Co.,  Ciucinnati,  Ohio.  It  has  the  usual  stock  rails,  0  and  Z,  and  four 
switch  rails,  A,  B,  X  and  Y.  The  switch  rails  all  slide  upon  the  same  set  of  iroa 
"  friction  platas,"  which  are  spiked  to  the  ties  under  the  rails,  but  are  not  ahown  in 
the  figure.  Bails  A  and  B,  are  held  rigidly  together  by  four  connecting  bars 
o,  a,  o,  a,  white  X  and  Y  are  similarly  connected  by  the  other  four  connecting  bars 


TURNOUTS. 


Mtween  nib  V  uid  A  for  th 


le  truck  C  B,  the  ml  R 


ge  of  wheel  L,  which  w 


nils  C  anil  Z  to  the  Ilea  along  tliil  |,..i[iim  of  Ih'ir  ItHRlh  {Him*  12  feet  ft 


»P"l"t|'l  h 

Wdr  Switch,  each  of  these  le  m*d< 
twisted,  end  eervlng  a! no  u  %  eliding  plate,  u  sho' 


blocks  P,  8.  no  the  outer  ride. 


Fig.  lTo,  which  xhowi  alu  the 
the  flat  CMnectinglar  a  to  the 


The  end  ehown  In  Flu.  IT  &  !■ 

wo™.  S*i™  rf'Srro*"  torlii  X 

n«  imnnnit  hew  li  rimiUr  to  Out "  « <•,  eicept  that  In  Fig.  17  o  the  malleable 
ButiDK  M  Ye  hotVd  to  the  iw*  of  the  nil  ai  ehowu,  while  In  Fig.  17  6  It  i.  of  different 

*  Thew  three-throw  switches  Met,  1&88,  eboat  |fl5  each,  without  stand. 


iiSa  ^2^ijf|-sE=."-^*- 


Ills  sSlilsffi 

illfifS  ' 

fill   S"uJ|t;l 
111*  lllifljAi 

ill!  iliiKii 
!  fllllflfl 

111*5  Bill 

llfllllll! 

\liHU  'itiiii 

PijBG 

Mlili        ••ill 

oi"5'   m 

Hi       mi 

l      iiiiisI 

If*     riifP 

780 


TURNOUTS. 


Art.  £2.    Frogfl.    The  frog  is  a  contrivance  for  allowing  the  flange  of  tbe 

wheel  on  the  rail  e  x,  Fig  1,  to  cross  the  rail  r  n ;  and  that  of  the  wheel  on  r  z,  to  cross 
ex.  The  first  contrivance  for  this  purpose  was  a  oar,  approxi- 
mately of  the  shape  of  the  rail,  pivoted  at  the  point  where  the  center  lines  of  tbe 
rails  ex  and  rz  cross  each  other,  and  free  to  move  horizontally  about  this  pivot,  so 
that  it  could  form  a  portion  of  ex  when  the  train  was  passing  to  or  from  the  tnrmont, 
or  a  portion  of  r  z  when  the  train  was  using  the  main  track.    Sometimes  the  pivot 


passed  through  one  end  of  the  bar,  as  in  Fig  20,  and  sometimes  through  its  center, 

as  in  Fig  21.  Such  bars  were  generally  moved  by  a  rod 
(attached  at  n)  and  lever,  similar  to  those  used  for  switches; 
and  they  then,  of  course,  required  au  attendant;  but  many 
attempts  have  been  made  to  use  such  frogs  by  connecting 
them  with  the  switch  by  means  of  rods,  Ac,  so  that  the  bar 
should  move  automatically  when  the  switch  was  turned. 
Owing  to  the  considerable  distance  (feQ  ft,  more  or  lees}  be- 
tween the  frog  and  switch,  it  has  been  found  difficult  to 
secure  simultaneous  movements  of  the  switch  and  frog,  and  the  contrivances  referred 
to  have  not  come  into  extensive  use.  Such  bars,  whUe  they  avoid  the  jar  produced 
by  wheels  passing  across  the  throat  of  the  frog  (Art  35),  labor  under  the  same  dis- 
advantage as  the  stub-switch,  Art  10,  in  requiring  a  liberal  allowance  of  space  be- 
tween their  ends  and  those  of  tbe  adjoining  rails,  to  avoid  any  possibility  of  their 
coming  into  contact. 


Fig.  33. 


Art.  23.    These  bars  were  soon  superseded  by  rigid  cast-iron  frogs,  Fiey 
82  and  23.    These  were  hardened  by  chilling,  so  as  better  to  resist  the  actios  ol 


Fig.  23. 


passing  wheels;  but  even  with  this  precaution  they  wore  out  so  much  more  rapidly 
than  the  rails,  that  the  wings,  to  n»  and  •  c,  and  the  tongue,  P,  were  capped 
With  steel  from  }£  inch  to  1  inch  thick,  bolted  or  riveted  to  their  upper  surfaces. 
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The  triangle,  P,  called  the  tongue  of  the  frog,  is  the  meeting-point  of  the  two  rails, 
fz  and/ar,  Figl ;  while  the  wings,  w  m  and  t  c,are  continuations  of  the  rails  e  and  r. 
The  wings  give  support  to  the  treads  of  the  wheels  in  passing  over  the  spaces  between 
the  point  and  w  and  t,  which  spaces  are  left  for  the  passage  of  the  flanges. 

The  channel  is  called  the  mouth  of  the  frog  at  a,  Figs  22  and  23;  and  its 
throat  at  the  narrowest  part,  w  »*.  That  part  of  the  tongue  back  of  u,  Fig  23,  or 
between  u  and  g,  is  called  its  heel. 

The  channel  is  made  about  2  ins  deep  to  prevent  the  flanges  from  touching  its  bottom. 

The  projections,  1 1,  Fig  22,  are  for  bolting  the  frog  to  the  wooden  cross  ties. 

Although  one  side  of  the  frog  forms  a  part  of  the  turnout  curve,  its  shortness  war- 
rants us  in  making  both  sides,  j  o,  s  t,  Fig  23,  straight. 

Art*  24.  Guide-rails,  or  guard-rails,  g  g1,  Fig  1.  Suppose  wheels  to  be 
rolling  from  A  toward  B,  Fig  1,  on  the  main  track ;  the  switch-rails  being  in  the 
clotted  positions.  On  arriving  opposite  the  frog,  some  irregularity  of  motion  might 
cause  the  flanges  of  the  wheels  running  along  the  rail,  re,  to  press  laterally  against 
said  rail.  Consequently,  after  passing  the  throat,  w  t,  Fig  22,  they  would  press  against 
the  wing,  to;  and  passing  between  cand  P,  they  would  leave  the  track;  or  strike 
the  sharp  end  of  P,  breaking  it,  and  endangering  the  train.  To  prevent  this,  the 
guard-rail,  0,  Fig  1,  is  placed  so  near  the  rail,  b  h  (say  1%  to  2  ins  from  it),  that  the 
flanges  at  oh,  while  passing  between  it  and g,  prevent  those  at  the  opposite  rail 
from  pressing  against  the  wing,  i  c,  Fig  22,  and  from  striking  the  point ;  and  guide 
them  safely  along  their  proper  channel,  im.  Similarly,  if  wheels  be  rolling  from 
A  toward  D,  Fig  1  (the  switch-rails  being  in  the  positions,  q  m,  p  s),  the  centrifugal 
force  due  to  the  curve  would  cause  the  flanges  to  press  against  the  rail,  ex,  and 
against  the  wing,  wm,  Fig  22,  thus  rendering  the  train  liable  to  the  same  kind  of 
accident  as  in  the  preceding  case.  This  is  prevented,  in  the  same  manner  as  before, 
by  the  guard-rail,^,  Fig  1,  which  keeps  the  flanges  in  their  proper  channel,  vac, 

Fig  22. 

The  narrow  flange-way  between  the  guard-rail,  g,  Fig  1,  and  the  rail,  ft  A, 
Should  extend  at  least  a  foot  each  way  from  a  point  directly  opposite  the 
point,/,  Fig  23,  of  the  frog.  In  a  distance  of  at  least  about  2  ft  more  at  each  of  its 
ends  the  guard-rail  should  flare  out  to  about  3  ins  from  the  rail,  b  h,  so  as  to  guide 
the  flanges  into  the  narrow  channel.    The  same  with  g'. 

Guard-rails  have  to  resist  a  Strong  side  pressure,  and  should 
be  very  firmly  secured  to  the  wooden  cross-ties.  This  is  usually  done  by  bolting 
•gainst  them  two  or  more  stout  blocks  of  steel,  or  of  wrought  iron,  which,  in  turn, 
are  bolted  to  the  ties.  ...  ,   .        ~ 

Art.  25.  The  cast-iron  frog,  as  first  made,  had  no  provision  Tor 
fastening  It  to  the  rails;  but  was  simply  bolted  to  the  cross-ties.  It  was 
afterwards  provided  with  a  recess  at  each  end,  of  the  exact  shape  and  size  of  the  end 
of  the  rail.  The  rail  ends  were  inserted  into  these  recesses,  and  the  frog  was  thus 
kept  in  line  with  the  rail.  In  frogs  made  of  rails,  the  same  purpose  is  served  by  fish- 
or  angle-plates,  p  764,  by  which  the  ends  of  the  frog  are  secured  to  those  of  the  rails. 
Art.  26.  The  length,  a  g,  Fig  23,  of  a  cnst-iron  frog,  usually  varies  from 
4  to  8  ft :  and  depends  upon  the  angle,  oft,  at  which  the  rails,  e  x  and  r  *,  Figs  1  and 
23  cross  each  other.  This  is  called  the  frog-angle.  This  angle  may  be  expressed 
either  in  degs  and  mins,  or  in  the  number  of  times  the  width  of  the  tongue  on  any 
line,  as  ot,  Fig  23,  is  contained  in  the  distance,  gf,  from  the  point,/,  to  the  center, 
a  of  that  line.  This  number  is  called  the  frog  number.  Thus,  if  the  angle, 
oft.  Fie  23.  is  such  that  the  length,  gf,  is  3,  4,  or  10,  Ac,  times  the  width,  o  t,  the 
frog  is  -called  a  No  3,  4,  or  10,  Ac,  frog.  Fig  23  is  a  No  3 ;  Fig  22  No  5.  Frogs  are 
usually  made  of  Nos  4  to  12 ;  sometimes  with  half  numbers,  as  i%,  X%,  Ac. 

Art.  27.  Draw  two  parallel  lines,  bb',  dd\  for  the  top  of  rail,  ex,  Fig  23,  and 
hh'  IcV,  for  that  of  rail,  r  a;  crossing  each  other  at  the  required  angle.  Then  the 
intersection,/,  of  lines  dd'  and  h  V  is  the  theoretical  point  ©f  the  frog.  As 
this  point  would  be  too  narrow  and  weak  for  service,  it  is  in  practice  rounded  on* 
where  the  tongue  is  about  U  inch  wide,  as  shown.  If  the  frog  is  to  be  simply  abutted 
to  the  rail-ends,  zx,  Fig  23,  as  in  some  cast-iron  frogs,  the  length,  fg,  need  be  only 
xreat  enough  to  give  a  width,  to,  sufllcient  to  accommodate  the  rail-ends,  *  andx, 
and  the  heads  of  the  two  spikes  at  v  which  confine  them  to  the  ties.  If  desired,  a 
portion  of  the  flange  of  each  rail-end  may  be  cut  away  so  that  the  rail-heads  come 
together;  thus  diminishing  the  width  necessary  for  t  o,  and,  of  course,  the  distance, 
fg.  In  the  case  of  cast-iron  frogs  provided  with  recesses  for  holding  the  rail-ends, 
as  in  Art  26,  the  width,  ot,  and  length, /p,  must  of  course  be  greater. 

In  frogs  made  of  rails,  the  length  must  be  such  that  the  rail-ends, 
*  and  x,  Fig  23,  are  far  enough  apart  to  give  room  for  fitting  to  their  inner  sides  the 
splice-plates  by  which  they  are  connected  with  the  frog.  Where  on^Ze-plates  are 
used,  this  distance  must  he  greater  than  in  the  case  of  Jl«A-plates. 
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into  recesses  let  into  the*  sides  of  the  throat-pieces  and  blocks.  The  Clamps 
are  prevented  from  sliding*  by  clips  riveted  on  the  flanges  of  the  rails. 
Great  care  is  taken  to  have  all  tit*  adjoining  surface*  in  full  contact 

with  each  Other,  throughout,  so  as  to  diminish  the  liability  to  wear. 

Art.  33.  The  Co  also  make  stiff  frogs  in  which  the  parte  are  held  together  by 
bolts  passing  through  the  rails  and  the  throat-pieces;  and  others  in  which  there 
are  no  throat-pieces,  and  in  which  the  four  rails  forming  the  frog  are  riveted  to  a 
wrought-i ran  plate.  (A  spring-mil  frog,  of  the  plate  pattern,  is  shown  in  Fig  27, 
p.  784.)  All  of  these  frogs  can  be  made  of  any  desired  length  and  to  any  desired 
angle.  The  standard  length  of  stiff  frogs  from  6  c  to  dz,  for  Nos  4  to  8, 
inclusive,  is  8  ft ;  Nos  9  and  10,  9  ft ;  Nos  11  and  12, 10  ft ;  No  15, 12  ft.  Prices, 
18P8  $i  8  to  $25,  according  to  weight  of  rails  and  the  length  of  frog. 

Art.  34*  In  the  Weir  frog  (Weir  Prog  Co.,  Cincinnati,  Ohio),  Fig*.  26  A, 
86  B  and  26  C,  the  notching  of  the  main  or  long  point.  «,  to  receive  the  short  point 
d,  Is  avoided  by  forging  the  latter,  under  hydraulic  pressure,  to  fit  the  former  which 


FEET. 


h  need  as  the  upper  die  in  the  forging  process.  The  rail  forming  the  long  point  z  is 
thus  preserved  intact  throughout  the  space  where  the  two  points  are  in  contact,  as 
shown  in  the  section  at  ft  &,  Fig.  26  B.    The  short  point,  d,  is  held  tightly  against, 
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and  under  the  head  of,  the  long  point  s,  by  the  tightening  of  the  nuts  on  the  bolts 
(which  are  provided  with  nut-locks),  and  thus  gives  it  additional  support. 

The  long  filiing-blocks,  1 1,  are  forged  in  dies  from  wrought  iron  or  steel.  They 
are  then  planed  to  fit  the  point  rails,  drilled,  and  bolted  as  shown. 

These  frogs  cost,  1888,  from  $18  to  $23  each,  according  to  length,  angle,  and 
weight  of  rail. 

Art.  35.  The  object  In  reducing  the  width  of  the  channels 
for  some  distance  each  way  from  the  point,  /,  Fig  23,  so  as  barely  to  admit  the 
flanges  freely,  is  to  allow  the  treads  of  the  wheels  to  have  as  much  bearing  as  pos- 
sible upon  the  wings  and  tongue  while  moving  over  the  broadest  part  of  the  chan- 
nel near  /.  In  frogs  shorter  than  about  No  4,  it  is  difficult  to  secure  sufficient 
bearing  for  the  treads,  even  with  the  utmost  allowable  contraction  of  the  channel, 
when  the  width  of  the  tires  is,  as  usual,  about  6  ins.  In  the  earliest  frogs  this  diffi- 
culty was  partially  overcome  by  gradually  raising  the  bottom  of  the 
channel  between  the  point  and  wings,  so  that  the  wheels,  in  traversing  that  part, 
ran  upon  their  flange*  instead  of  upon  their  treads.  The  jar  occasioned  by  the 
tread,  in  striking  against  wing  and  point,  was  thus  avoided.  This  arrangement  is 
still  used  in  crcmmge,  where  the  tracks  cross  at  a  very  obtuse  angle,  and  where, 
consequently,  the  wings  can  give  little  or  no  support  to  the  treads.  The  flanges, 
however,  soon  cut  gutters  in  the  bottoms  of  the  channels,  and  thus  increase  their 
depths,  so  that  the  treadB  strike  the  wings  and  point,  as  in  the  ordinary  frog. 
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If  tbe  bearing  between  tbe  bead  of  the  spring-rail  <  and  tbat  of  the  point- 
rail/,  is  too  short,  a  ridge  worn  on  the  outer  edge  of  the  tread  of  a  wheel  G  pass- 
ing from  B  toward  A,  may  drop  between  the  spring-rail  and  the  point-rail  when 
it  reaches  a  place,  near/,  where  the  point  is  narrower  than  the  gutter  worn  in 
the  wheel-tread.  The  ridge  is  then  liable  to  wedge  the  spring-rail  s  away  from 
the  point/.  To  avoid  this,  the  wing  w  of  the  spring-rail,  and  its  bearing  against 
the  point-rail,  have  been  lengthened  in  the  present  pattern,  thus  giving  a  wider 
bearing  and  keeping  the  ridge  of  a  worn  wheel-treaa  on  top  of  the  rails  until  the 
frog  has  been  passed.  The  standard  length  for  either  style  of  spring- 
rail  frog,  and  for  any  angle,  is  15  feet. 

Prices,  1890,  plate  pattern.  $27  to  $34.    Keyed  pattern,  Fig.  27,  $26  to  $32. 

Since  spring-rail  frogs  do  not  present  a  full  bearing  to  wheels  entering  or  leav- 
ing the  turnout,  but  only  to  those  passing  to  and  fro  on  the  main  track,  they  are 
most  useful  where  the  greater  part  of  the  traffic  moves  on  the  main  line,  and 
where  but  few  trains  use  the  turnout. 

Art.  37.  In  Wood's  self-acting  frog,  which  was  largely  and  success- 
fully used  for  many  years  on  the  Camden  A  A  m boy  R  R,  under  heavy  trains  moving 
at  high  speeds,  and  which,  like  those  just  described,  was  miide  entirely  of  rails;  the 
point,/,  Fig  28,  was  firmly  fixed  to  the  cross-ties; and  both  of  the  wing-rails,  t  and  «, 
while  rigidly  fixed  at  a  proper  distance  from  each  other,  were  free  to  move,  as  a 
whole,  about  their  heels,  b  and  c,  so  that  either  t  or  s  could  be  brought  into  contact 
with  the  point,/.  It  thus  provided  an  unbroken  bearing  to  trains  on  the  turnout, 
as  well  as  to  those  on  the  main  track.  There  was  no  spring;  and  the  frog  remained 
as  it  was  set  by  the  first  pair  of  wheels  of  a  train,  until  another  train,  using  tbe 
other  track,  set  it  over  the  other  way. 

If  this  frog  is  set  as  in  Fig  28,  and  an  engine  moves  from  e  toward  x  (so  that  the 
wings  are  moved  by  means  of  the  guard-rail,  #',  and  the  wheel  at  the  opposite  track, 
e  x\  tbe  motion  of  the  wings  has  to  take  place  while  the  weight  of  tbe  engine  itself 
is  resting  partly  on  the  wing-rail,  e  t\  and,  consequently,  their  sliding  transversely 
of  tbe  track  is  attended  with  great  friction.  The  same  effect  is  produced  if  t  is  iu 
contact  with/,  and  an  engine  moves  from  A  to  B.  This,  however,  did  not,  in  prac- 
tice, seem  to  interfere  with  the  efficiency  of  the  frog. 

Art.  38.  In  ordering  frogs,  give  the  frog  angle  or  number,  and  the  exact 
cross-section  of  the  mil  used  -on  the  road. 

For  spring-rail  frogs,  specify  also  whether  the  turnout  is  to  the 
right  or  left  hand.    In  the  case  of  stiff  frogs,  this  is  not  necessary. 

Art.  39.    The  laylng-ont  of  Tnrnouts. 

The  words  heel  and  toe  are  used  in  this  article  with  reference  to  the  common  or  stub 
switch,  Fig  4,  in  which  the  heels  are  at  q  and  p,  and  the  toes  at  m  and  «.  In  tbe 
Wharton,  Loreuz,  and  some  other  switches,  the  positions  of  heel  and  toe  will  be  seen 
to  I>e  the  reverse  of  this. 

The  formulas  given  in  our  early  editions  for  finding  frog  diet,  rad  of  turnout,  Ac, 
were  based  upon  the  old  practice  of  regarding  the  straight  switch-rails,  qm,ps,  Fig' 
4,  as  forming  a  tangent  to  the  turnout  curve,  which  last  was  considered  as  beginning 
at  tbe  toes,  m  and  «,  of  the  switch-rails.  The  modern  practice  is  to  curve 
the  switch-rails  so  as  to  form  a  part  of  the  turnout  curve;  the  latter  being  supposed 
to  begin  at  the  heels,  q  and  p,  of  the  switch.  This  view  of  the  case  admits  of  simpler 
formulas. 

In  each  of  the  Figs  29,  30,  and  31,  tops  represents  the  main  track.  The  frog 
distance,  p/,  is  a  straight  line  drawn  from  the  theoretical  point  of  frog,  f,  to  the 
heel,  p,  of  that  switch-rail  which,  when  opened,  forms  the  inner  rail  of  the  turnout. 
Formerly,  when  the  turnout  curve  was  taken  as  starting  at  the  toe  of  the  switch,  the 
frog  dist  was  a  straight  line  from  the  theoretical  point  of  frog  to  the  toe,  m,  Fig  4, 
of  the  outer  switch-rail,  q  m,  when  opened. 

As  already  remarked,  frogs  are  usually  made  of  Nos  4  to  12;  sometimes  with  half 
numbers;  and  the  turnout  radii,  Ac,  are  made  to  conform  to  them. 

Scrupulous  accuracy  is  not  necessary  in  these  matters.  Thus,  a  deviation,  either 
way,  of  say  S  per  cent  in  the  length  of  the  turnout  radius  from  that  given  by  the 
table  or  the  formulas,  will  be  almost  inappreciable.  So  too,  if  a  frog  number  should 
be  used,  intermediate  of  those  in  the  first  column  of  the  table,  the  other  dimensions 
may  be  found,  approximately  enough,  by  using  quantities  similarly,  intermediate. 
A  rail  almost  always  has  to  be  cut  in  two  in  order  to  fill  up  the  frog  dist;  and  the 
exact  length  of  the  piece  can  be  found  by  actual  measurement  at  the  time  of  cutting  it. 

Rein.  When  the  turnout  leaves  a  straight  track,  as  in  Fig  29,  the  frog  angle 
is  equal  to  the  central  angle,  fc  o.  When  the  main  track  is  curved,  and  tbe  turnout 
curves  in  the  opposite  direction  (Fig  30),  it  is  equal  to  the  sum  («/«)  of  the 
central  angles, /co, '/no:  and  when  the  two  curve  in  the  same  direction  (Fig 
31),  it  is  equal  to  the  dlflT  (nfe)  of  the  ceutral  augles,/c  otfn o. 
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Art.  4ft.    To  lay  ont  a  tumoot,  p  «,  Fig  99,  from  a  straight 
trach^l***     From  the  column  of  radii  in  t)ie  table  below,  select  <»e,  c  o,  suit- 
able for  tbe  turnout;  together  with  the  correspond- 

—  '  Q]      "■— ^^^ iog  frog  number,  frog  dist,  j>/,  and  switch  length. 

fli      ^  ^V- Place  the  frog  so  that  the  main-line  side  of  its 

^1         ""^^^Vf tongue  shall  be  at  /*,  precisely  in  line  with  the 

'l0  Jr  |    "-"->*.       ^   '^       ft    inner  edge  of  tbe  rail,  w  * ,  and  its  theoretical 
•  ^NsV/^'\  \  point,  /,  at  the  tabular  frog  dist,  pf,  from  the 

J  /s.     \    Vg»    starting-point,  p.    Stretch  a  string  from  q  (oppo- 

I  /     \     \    \       si te  p)  to/;  and  from  it  lay  off  the  three  ordinate* 

J  /  \  from  the  table ;  thus  finding  three  points  (iu  addi- 

I         /  tion  to  q  and/)  iu  the  outer  curve.    Do  not,  bow* 

S     /       Vifg,  SO  ever,  drive  stakes  at  these  points ;  but  as  each  o» 

;  /  them  is  found,  measure  off  from  it,  inward,  half 

*}/  the  gauge  of  the  track;  and  there  drive  stakes. 

Do  the  same  from  q  and/.  The  five  stakes  will  all 
then  be  iu  the  dotted  center  line  of  the  turnout,  Fig  29;  and  will  serve  as  guides  to 
the  work,  without  being  liable  to  be  displaced.  The  dimensions  in  the  table  below 
are  found  by  the  following  formula*,  the  main  track  being  straight : 

hifW^rie  -0,Mge -ft-""- 

Frog  So - =  V  Radius  eo  -s-  Twice  the  gauge. 

Or,  Frog  No ==  Half  the  cotangent  of  half  the  frog  angle. 

Radius  e  O =  Twice  the  gauge  X  Square  of  frog  number. 

Or,  Radius  e  o =  (Frog  dist  pf-i-  Sine  of  frog  angle)  —  half  the  gauge. 

Or,  Radius  C  O ■=  (Gauge  -j-  Versed  sine  of  frog  angle)  —  half  the  gang*. 

Frog  dist  p  f =  Frog  number  X  Twice  the  gauge. 

Or,  Frog  dist  p  f. =  Gauge  p  q  -*-  Tangent  of  half  the  frog  angle.' 

Or,  Frog  dist  pf. =  (Rad  eo  +  half  the  gauge)  X  Sine  of  frog  angle. 

middle  ord =  XA  gauge,  approx  enough. 

Each  side  ord...  —  %  mid  ord  =  ^  (or  .188  of  the)  gauge,  approx  enoagb. 

Switch  Length  -  4    /  **">*  iu  ft  X  IQOQO' 

approx  enough  \/  Tangential  dist  for  chords  of  100  ft,  for  rad  e  o  of 

^  turnout  curve.    See  table,  p  728  to  728. 


TABLE  OF  TURNOUTS  FROM  A  STRAIGHT  TRACK.    Fig  29. 

Oauge  4  ft  8^  ins.    Throw  of  switch  5  ins. 
For  any  other  gauge,  the  frog  angle  for  any  given  frog  number  remains 
the  same  a*  in  the  table.    The  other  items  may  be  taken,  approx  enough,  to  vary  di- 
rectly as  thu  gauge. 


Frejt 
Xamber 

Fni 
Amite 

Tvraovt 
Ba41me 

•  •  - 

DeflA»*«>f 

Twraeat 

Cvrve 

Free 
JHsf 

Bf 

Mtdale 
Ordinate 

!  Site 
Orii 

Swttak 
Least* 

o     r 

Feet. 

o     r 

Feet. 

Feet. 

Feet. 

Feet 

12 

4  46 

1356 

4  U 

113.0 

1.177 

.883 

31 

n}4 

4  58 

1245 

4  36 

108.3 

1.177 

.883 

32 

11 

6  12 

1139 

5    2 

103.6 

1.177 

.883 

31 

10^ 

6  28 

1038 

5  31 

98.9 

1.177 

.888 

29 

10 

644 

•42 

6    5 

94.2 

1.177 

.888 

28 

*A 

6    2 

800 

6  45 

'   8J.5 

1.177 

.884 

27 

9 

6  22 

763 

7  31 

84.7 

1.177 

.883 

25 

*lA 

644 

686 

8  26 

F00 

1.177 

>83 

24 

8 

7  10 

608 

0  31 

75.8 

1.177 

•683 

22 

VA 

7  38 

530 

10  50 

70.6 

1.177 

.883 

21 

7 

8  10 

461 

12  27 

65.9 

1.177 

.883 

20 

ok 

8  48 

39ft 

14  26 

61.2 

1.177 

.888 

1ft 

6 

9  82 

339 

16  58 

56.5 

1.177 

.883 

17 

&A 

10  24 

285 

20  13 

51.8 

1.177 

.883 

15 

5 

11  26 

235 

24  32 

47.1 

1.177 

Mi 

14 

VA 

12  40 

191 

30  24 

42.4 

1.177 

.88* 

13 

4 

14  14 

151 

38  46 

37.7 

1.177 

.883 

11 

The  switch  lengths  in  the  Table  merely  denote  the 
shortest  length  of  Stnh  switch  that  will  at  the  same  time  form  part  of  the  turn- 
out curve,  and  give  5  ins  throw.     Pointed*  or  snllt~rail  switch**,  like  the 
T-orenz.  Ac,  require  only  half  this  throw.    In  practice  nil  kinds  are  frequently  made 
inch  shorter  than  the  table  requires,  thereby  sharpening  the  ot  ginning  of  the'  carve 


TURNOUTS. 


787 


Art.  41.  Vuraout  from  a  emrved  auln  track*  The  following  con- 
venient approximate  method  was,  we  believe,  first  published  by  Mr.  E.  A. 
Gieseler,  0.  E.,  of  New  York,  in  1878.    There  are  two  cases. 

Case  1,  Fig  30;  when  the  two  curves  deflect  in  opposite  directions. 

Caae  2,  Fig  31 ;  when  the  two  curves  deflect  in  tne  fffiwr  direction. 

Having  determined  approx  upou  a  radius  for  the  turnout  curve,  take  from  the 
table,  p  726,  its  corresponding  deflection  angle,  and  that  for  the  main  curve.     Jn 

Case  1,  find  the  sum  of  these  two  angles.  In  Case  2, 
find  their  difference.  In  the  table,  p  786,  fiud  the 
deflection  angle  (not  the  frog  angle)  nearest  to  the 
sum  or  diff  just  found.  The  frog  number, 
switch  length  and  frog  distance  pf,  in 
the  table,  opposite  the  defleciion  angle  thus  se- 
lected, are  the  proper  ones  for  the  turnout 
Theoretically  we  should,  in  Case  1,  add  to  the  tab- 
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Fig.  31 
Case  2 


ular  frog  distance  pf  about  half  an  inch  per  100  feet  for  each  degree  of  deflec- 
tion angle  of  the  easier  of  the  two  curves ;  and,  in  Case  2,  deduct  it ;  but  this 
refinement  is  unnecessary. 
Reflection  angle  of*  turnout  curve 

(in  Case  I)  =  Tabular  deflection  angle  (p786) — deflection  angle  of  main  curve, 

(in  Case  2)  =  Tubular  deflection  angle  ip  786)  +  deflection  angle  of  main  curve. 

For  radius  co  of  turnout  curve,  having  its  deflection  angle,  see 
table,  p  726. 

£jc.  Had  of  main  curve,  2866  ft  Had  selected  approx  for  turnout,  716.8  ft 
Here  the  defl  angles  (table,  p  720)  are,  respectively,  2°  and  8°. 

In  Case  1 ;  8°+ 2°  =  10°.  Nearest  defl  angles  in  table,  p  786, 10?  50*  and  9°  31'. 

If  we  select  10°  5C,  we  have  Frog  No,  1\£\  Switch  L'gth,  21  ft;  Frog  Dist=  70.6 
ft  +  twice  %  in  =  say  70.7  ft ;  Defl  Angle  Tor  turnout  =  10°  6C  —  2°  =  8P  60' ;  Rad 
co  (table,  p  726),  649  ft.  If  we  select  9°  31',  we  have  Frog  No,  8;  Switch  L'gth, 
22  ft:  Frog  Bist  =  75.3  ft  +  twice  V£  in  =  say  75.4  ft;  Defl  Angle  —  9°  31'  —  2°  =» 
7°  31';  Rad  co,  say  763  ft. 

In  Case  2;  8°  —  2°  =  6°.  Tabular  defl  angles,  p  786, 6©  5'  and  50  31'.  6°  5' 
gives  Frog  No,  10;  Switch  L'gth,  28  ft ;  Frog  Di»Jt  =  94.2  ft  —  twice M  in  =  say  94.1 
ft ;  Defl  Angle  =*  6°  5'  +  2°  =  8°  5';  Rad,  say  709  ft.  5°  31'  gives  Frog  No,  10U ; 
Switch  L'gth,  29  ft;  Frog  Dist  =  98.9  ft  —  twice  J^  in  =  say  98.8  ft;  Defl  Angle  =- 
5°  31'  +  2»  =  7°  81';  Rad,  say  763  ft. 

The  frog*  dtst  p  f  may  also  be  found  thus  s 

«              ^     -  «_   ,*  *             Gauge  X  Vrog  No 
Tangent  of  half  fn  o  =■  — £-— 2 — 

w  '  Radius  no. 

frog  Hist  p  f~npX  twice  the  sine  of  half  fn  0. 

Place  the  frog  with  the  main-line  Hide  of  its  tongue  at/*,  in  line  with  the  inner 
edge  of  the  frog-rail,  p  *,  of  the  main  line,  and  with  its  theoretical  point./,  at  the 
dist,  pf  (found  as  above),  from  the  heel,  p,  of  the  inner  switch-rail.  Stretch  a  string 
from/ to  the  heel,  0,  of  the  outer  switch-rail.  Measure  the  dist,  qft  divide  it  into 
four  equal  parts,  and  lay  off  three  ordi nates,  found  thus : 

Middle  ord  =?  (Square  of  half  qf)  -5-  twice  the  rad  of  turnout  curve.  Each  side 
ord  =  three-fourths  of  middle  ord. 

These  three  ords.  and  the  points  q  and/,  give  us  5  points  of  the  outer  rail  of  the 
turnout  curve;  and  from  these  we  measure,  inward,  half  the  gauge,  and  drive  5  cen- 
ter guide-stakes,  as  in  Art  40. 
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Art.  42.  Ta  find  firaa*  dlsfs,  *«,  by  means  af  a  drawing  *• 
scale.  The  frog  dist  can  generally  be  found  near  enough  for  practice,  from  a 
drawing  on  a  scale  of  about  ^  or  ^  inch  to  a  foot.  And  so  iu  the  mauy  cases  when 
turnouts  cross  tracks  in  various  directions,  in  and  about  stations,  depots,  Ac 

Figs  32  and  33  are  intended  merely  to  furnish  a  few  general  liiuts  in  regard  to 


such  drawings.  For  instance,  the  carves  of  a  main  track,  as  well  as  those  of  a  Urn- 
out,  generally  have  radii  too  large  to  admit  of  being  drawn  on  a  scale  of  %  iuck  to  "1 
a  foot,  by  a  pair  of  dividers  or  compasses.  But  they  may  be  managed  thus :  Draw 
any  straight  line,  a 6,  Fig  32,  to  represent  by  scale  a  100-tt  chord  of  the  curve,  divide 
it  into  twenty  6-ft  parts,  a  1,  1  2,  2  3,  Ac,  and  lay  off  by  scale  the  19  corresponding 
ordinate*,  1 1,  2  2, 33,  Ac,  taken  from  the  table  on  page  780.  By  joining  the  ends 
of  these,  we  obtain  the  reqd  curve,  a  ebt  of  the  main  track ;  and  of  coarse  can  draw 


the  inner  line,  y  t,  distant  from  it  by  scale  the  width  of  track,  say  4  ft  8%  ins.  Now 
let  a  c  b  and  y  ty  Fig  33,  be  a  curved  main  track,  so  drawn ;  and  let  any  point  m  be 
taken  as  the  startiug-point  of  the  turnout,  tn  v,  Ac.  On  each  side  of  t»  measure  off 
any  two  equidistant  points,  a  and  m,  in  the  same  curve;  and  through  m  draw  $gy 
parallel  tonu.  Then  is  mg  a  tang  to  the  curve,  y  to  i,  at  w.  Having  determined 
on  the  rad  of  the  turnout  curve,  mve,  draw  that  curve  by  the  same  process  as  before; 
first  laying  off  the  angle,  pint',  equal  to  the  tangential  angle  of  the  curve,  taken 
from  the  table,  p  726.  Then,  beginning  at  m,  lay  off  6-feet  dtsts  along  m  i ;  and  from 
them,  as  in  Fig  32,  draw  the  ords  corresponding  to  the  turnout  curve.  Through  the 
ends  of  these  ords  draw  the  curve,  mve.  itself.  Then  the  frog  dist  will  be  the 
straight  dist  from  c  to  r,  and  can  be  measured  by  the  scale,  within  a  few  inches;  or 
near  enough  for  practice.  The  middle  ord  of  the  arc,  me,  cannot  be  found  correctly 
by  so  small  a  scale  as  %  iQCD  *°  *  *°ot>  but  should  be  calculated  thus:  From  the 
square  of  the  rad  take  the  square  of  half  the  chord,  m  i>.  Take  the  sq  rt  of  the  rem. 
Subtract  this  sq  rt  from  the  rad.  If  two  other  ords  should  be  desired,  half  way  be- 
tween m  and  v  and  the  center  one,  they  may  each  be  taken  as  %  of  the  center  one. 
Make  the  switch-rail  long  enough  to  leave  2^<  ins  at  its  toe  between  to  n  and  m  n. 

The  frog  angle  at  «  will  be  equal  to  the  angle,  red,  formed  between  the  tang,  er, 
to  the  curve,  acb;  and  the  tang,  v d,  to  the  curve,  mve.  These  tangs  are  found  in 
the  same  way  as  mg;  namely*  for  the  tang,  vr,  lay  off  from  »  two  equidistant  points, 
h  and  h,  on  the  curve,  acb\  and  through  v  draw  v r  parallel  to  k hm  Also,  for  v d, 
lay  off  from  v  any  equidistant  points,  u  and  «,  on  the  curve,  mix,  and  through  * 
draw  v  d  parallel  to  them.  This  angle  may  be  measured  by  a  protractor.  Or,  if  on 
the  two  tangs  we  make  t>4  and  v  4  equal  to  each  other,  and  draw  the- dotted  line  44; 
and  from  its  center  at  6  draw  6  v ;  then  6 1»  divided  by  4  4  will  give  the  No  of  the  frog. 
With  care,  and  a  little  ingenuity,  the  young  student  will  be  able,  by  similar  proc- 
esses, to  solve  graphically  any  turnout  case  that  miry  present  itself.  The  method 
by  a  drawing  has  great  advantages  over  the  tedious*  and  complicated  calculations 
which  otherwise  become  necessary  in  cases  where  curved  and  straight  tracks  inter- 
sect each  other  in  various  directions.  The  drawing  serves  as  a  check  against  serious 
errors,  which  would  be  detected  at  once  by  eye.  None  of  the  graphical  measure- 
ments will  lie  strictly  accurate ;  but  with  care,  none  of  the  errors  need  be  of  prac- 
tical importance.  The'ordinates  for  bending  rails  so  as  to  suit  turnout  curves 
be  found  from  the  table,  p  761.    All  of  Art  42  may  be  done  on  the  ground. 
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Art.  48.  An  experienced  track-layer,  with  a  good  eye,  can  place  hia  own  guide- 
stakes  by  trial  on  the  ground;  and  by  them  lay  his  turnouts  with  au  accuracy  as 
practically  useful  as  the  most  scrupulous  calculations  of  the  engineer  can  secure. 

The  following  example,  Fig  34,  of  a  turnout  from  a  straight  track,  Y  Z,  exhibits  a 
common  case,  in  which  all  the  work  may  be  performed  on  the  ground,  without  pre- 


vious calculation.  Let  ivo  be  the  tongue  of  a  frog,  with  which  the  assistant  has 
been  directed  to  make  a  turnout  from  Y  Z;  and  that  he  has  received  no  instructions 
more  than  that  the  turnout  must  start  at  rf,  and  terminate  in  a  track,  W,  to  be  laid 
parallel  to  Y  Z,  and  distant  from  it  r  x  or  rx,  equal  to  6  ft. 

Place  the  tongue  of  the  frog  by  guess  near  where  it  must  come,  having  its  edge, 
v  i,  precisely  in  line  with  the  inner  or  flange  edge  of  the  rait,  br.  Then  stretch 
a  piece  of  twine  along  the  edge,  ov,  of  the  frog,  and  extending  to  dg.  Try 
by  measure  whether  ve  is  then  equal  to  ed;  and  if  it  is  not,  move  the  frog  along 
the  line,  6  r,  until  those  two  dists  become  equal.  Then  is  v  the  proper  place  for  the 
point  of  the  frog ;  b  v  is  the  frog  diet ;  one-half  of  e  e  is  the  length  of  the  middle  ord 
of  the  turnout  curve,  dv;  and  if  two  intermediate  ords  are  needed  at  $  and  *,  each 
of  them  will  be  %  of  said  middle  one. 

The  frog  being  now  placed,  proceed  thus :  Place  two  stakes  and  tacks,  m  and  x,  at 
the  reqd  inter-track  dist,  rx  and  rx,  of  6  ft  from  the  rails,  b  r.  Then  range  by 
pieces  of  twine  xx  and  vf,  to  find  the  point,  n,  of  intersection.  Then  measure  «t, 
and  make  n  m  equal  to  it.  Then  is  m  the  end  of  the  reverse  curve,  t>  m,  of  the  turn- 
out. The  ords  of  this  curve  may  be  found  as  before;  one-half  of  nk  being  the 
middle  one,  Ac. 

Rem.  It  may  frequently  be  of  use  to  remember  that  in  any  arc,  as  v  m,  of  a  circle ; 
v  n  and  m  n  being  tangs  from  the  ends  of  the  arc ;  one-half  of  the  dist,  k  n,  is  the 
middle  ord,  kz%  of  the  curve ;  near  enough  for  most  practical  purposes,  whenever  the 
length  of  the  chord,  v  m,  of  the  arc  is  not  greater  than  one-half  the  rod  of  the  circle 
of  which  the  arc  is  a  part.  Or,  within  the  same  limit,  vice  versa,  if  we  make  k  n  equal 
to  twice  ftx,  then  will  n  be  very  approximately  the  point  at  which  two  tangs  from 
the  ends  of  the  arc  will  meet.  Also,  the  middle  ord  of  the  half  arc,  v  s  or  t  m,  may 
be  taken  as  ^  of  the  middle  ord,  k  z,  of  the  whole  arc 
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Art.  I.  A  tnvMMt  tn  it  pint  for™,  mn«lly  from  «  «,  60  ft  Inng  uitt 
Irmnsrf'rred  from  one  track  to  another  forminn  »ny  iU.Kle  with  It.    The  tabU  i.  »up- 


irely  done  f 

•lmiim „. 

i*(p*uo)of  tbs] 
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fore  more  readily  overcome  than  ff  it  were  allowed  to  act  at  the  circumf.    The 
engine-men  soon  learn,  by  feeling,  tbe  proper  spot  for  stopping  the  engine  so  as  thus 
to  balance  the  platform. 
Art.  2.    Figs  1  to  6  represent  the  Sellers  esst-iron  turntable  of  f» 


Sellers  &  0oM  Phihv.  It  consists  of  two  cast-iron  girders  of  about  1%  toe  average 
thickuess,  perforated  by  circular  openings  to  save  metal.  One  of  these  girders  w 
shown  in  Fig  1 ;  and  parts  of  one  in  Figs  3  and  4.  Each  girder  is  in  two  separate 
pieces,  which  are  fastened,  as  shown  in  Figs  1, 8,  and  4,  to  a  hollow  cast-iron  M  cen- 
ter-box," A  B,  Figs  2, 3,  4,  and  6,  by  means  of  '1%  inch  screw-bolts,  at/,  Fig  3;  and 
by  hor  bars,  o  o,  of  rolled  iron  about  3%  ins  square,  fitting  into  sunk  recesses  on 
top  of  the  boxing,  and  tightened  in  place  by  wedges,  i  i,  screw-bolted  beneath. 

Art.  3.  The  sides  of  tbe  center-box  are  about  1%  ins  thick.  It  is  sus- 
pended from  the  steel  cap,  0,  by  8  screw-bolts  2  ins  diam.  On  its  lower  side 
this  cap  has  a  semi-cylindrical  groove  extending  across  it,  transversely  of  the 
track,  as  shown  in  Fig  6.  This  groove  fits  over  a  corresponding  semi-cylindrical 
ridge  on  the  top  of  the  cast-iron  "  socket,99  *  (so  called),  on  which  the  cap  thus 
rests.  The  socket,  in  turn,  rests  upon  the  upper  one,  w,  of  two  annular  steel  plates, 
u  and  v,  which  form  a  circular  box  containing  16  steel  conical  ante* 
f  rietlon  rollers,  d  d,  Figs  2,  6,  and  6.  These  are  about  8  ins  in  length,  and 
iu  greatest  diani.  They  have  no  axles,  but  merely  lie  loosely  in  the  lower  part,  v, 
of  the  circular  box ;  filling  its  circumf  with  the  exception  of  about  }£  inch  left  for 
play.  In  tbe  direction  of  their  axes  they  have  jWj  inch  play.  The  lid, «,  of  the  cir- 
cular box,  rests  upon  the  tops  of  the  rollers,  which  separate  it  from  9  by  about  )$ 
inch,  v  rests  upon  the  top  of  the  hollow  eastVlron  post.  P,  which,  by  means 
of  its  flanges,  is  bolted  to  the  cap-stone,  M,  of  the  foundation  pier* 

In  order  to  insure  a  perfect  bearing  of  the  revolving  surfaces  upon  each  other, 
and  thus  diminish  the  liability  to  abrasion,  the  rollers,  d  d,  and  the  insider  of  the 
box  in  contact  with  them,  are  accurately  finished,  as  are  also  the  top  and  bottom  of 
the  roller-box,  and  the  surfaces  of  the  socket,  «,  and  post,  P,  in  contact  with  them. 
The  rollers  are  oiled  by  means  of  the  spaces  shown  by  the  arrows  in  Fig  2, 

Art.  4.  Adjustment  of  the  height  of  the  table.  By  turning  the 
nuts,  N  N,  of  the  8  screw-bolts  which  support  the  table,  the  latter  may  be  raised  or 
lowered  1  or  2  ins;  the  cap,  C,  socket,  *,  and  roller-box,  u  v,  remaining  stationary 
on  top  of  the  pout,  P.  AH  turntables  should  have  tbe  means  of  making  such 
adjustment.  Before  the  nuts,  N  N,  are  finally  tightened  up,  the  blocks,  w  «f 
of  hard  wood,  cut  to  the  proper  thickness  for  the  desired  ht  of  the  table,  are 
inserted  between  the  cap,  C,  and  the  top  of  the  center-box,  A  B,  as  shown. 

The  ht  of  the  table  should  be  such  that  each  of  the  wheels  at  its  outer 
ends  shall  be  %  inch,  in  the  clear,  from  the  circular  rail  on  which  they  travel. 

Art.  5.  At  each  of  the  outer  ends  of  tbe  table,  the  two  girders  are  connected 
transversely  by  heavy  cast-iron  beams,  called  4'cross«fflrts."  These  project 
beyond  the  girders,  and  carry  the  cast-iron  end-wheels,  20  ins  diam,  2  at  each 
end  of  the  platform.  The  treads  of  these  wheels  are  but  about  3  or  4  ins  below  the 
bottoms  of  the  girders,  and  the  wheels  therefore  do  not  require  any  considerable 
depth  of  pit  for  their  accommodation.  In  order  that  they  may  roll  freely,  their 
treads  are  coned,  and  their  axles  are  made  radial  to  the  circular  turntable  pit.  In- 
termediate transverse  connection  between  the  main  girders,  is  secured  by  the 
wooden  eross-ties  notched  upon  them  to  support  the  rails,  and  frequently  10 
or  12  ft  long,  for  giving  a  wide  footway  across  the  pit.  A  lever,  8  or  10  ft  long, 
fitting  into  a  staple,  is  used  for  turning  the  table,  not  on  account  of  friction,  but  as 
a  handle  for  the  workmen. 

Art.  0.  The  semi-cylindrical  shape  of  the  joint  between  the  cap,  C,  and  the 
socket,  «,  permits  the  slight  longitudinal  rocking  motion  of  the  turntable  which 
takes  place  when  a  locomotive  comes  upon  it  or  leaves  it ;  but  prevents  it  from  tip* 
ping  sideways,  as  it  was  apt  to  do,  when,  as  formerly,  the  cap  rested  directly  upon 
the  lid  u  of  the  roller-box,  and  the  top  of  the  post  P  was  hemispherical,  forming  a 
ball-and-socket  joint  with  a  casting  upon  which  the  roller-box  rested. 

Art.  7.  Ten  sises  of  these  turntables  are  furnished  for  locomotive  use. 
The  diameters  are  as  follows :  70  feet,  65  feet,  60  feet,  66  feet,  04  feet,  60  feet  (two 
patterns),  46  feet,  40  feet,  30  feet  and  12  feet.  For  prices,  weights,  dimensions  of  pit 
and  foundations,  timber  required,  etc ;  address  William  Sellers  A  Go,  1600  Hamilton 
St.,  Philadelphia.  Machinery  for  turning,  being  considered  unnecessary,  Is  not  at- 
tached, unless  specially  ordered.    Its  cost  is  extra. 

The  entire  cost  of  excavating  and  lining  the  pit;  foundation  for  pivot;  circular 
rail  for  end  rollers,  Ac,  complete  for  a  56-ft  turntable  will  vary  from  $1200  to  ftfOO 
in  addition,  depending  on  tbe  class  of  materials  and  workmanship;  and  whether  the 
bottom  of  thepit  is  paved  or  not. 

Art.  8.    The  girders  of  turntables  are  now  very  generally  made  of 
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trnss-glrdera,  and  the  aides  of  the  main  gfnfera  between  them,  form  a  aort  or  rectan- 
gular box,  corresponding  to  the  oaal-iroii  center-boa  of  the  Sellers  table,  Arta  2  and 

ia  oonnectod  with  the  ercss-girdors,  differ  Id  the  Ublea  of  ths  aereraj  makers. 

Art.  ft.    In  the  pIat«-lron  lumtsblos  made  hr  the  Brlere  Moor  Bridge  Worts, 
Wilmington,  Del.,  the  cross-girders,  G  G,  Jig.  B,  are  of  plate-Iron ;  and  at  their  ends 

""-  ■■ r«igoa,  PF,  of  anglr-Iron,  hvwhioh  tli»v  am  riveted  to  themain-girdera,  E. 

-'— --  -.re  36  Ins.  apart  in  the  clew. 


Art.  1*.    The  bolts,  H,  by  which  the 


wtof  it"  girder  and  load, 
of  the  oroaa^lrdar  betweai 


Then  bolts,  BH, 

Art.  11.'    TIM  rap,  C.  la  held  I 

ffatiges  which  aitend  down  from  It  nn  Dot 
Tlie  roller*,  d  rf,  and  the  toller-boa, 

Phil*,  Art  3. 
The  tat  a-flhe  tabic  may  b*  adJnstsMl 


of  these  airnta  an  abo-u  at  K  K,  VI*T. 
nge  of  the  cross-girder,  and  against  J  J. 
tnges  of  the  cap.  C  (three  bolts  through 

SlA*t>  on  tha  socket,  i,  by  means  of 
m,  are  those  made  bj  Wm.  Bellers  *  Co, 


Tbt!  lower 


s,  SS,  urn  ILp& 
_  -      roller-" 


3  Ins,  a 
ilend  of  resting  direcllj  npon  the  post,  P, 


IIik  o"S[.  f.  fti>ii  i-  Ij"IiI  :n  ulur*-  iif'iii  il  I..'  ,.  lii^  v.liirli  |iI-i.jpi:Ik  di.'wn  inTu  iE. 

Jow  truncated  square  pyramid,  n*  ■hown,  nr  of  nttiai  laapca,    Tfaoas  praaaatjnfl  tbt 
■baps  of  a  cross  In  hor  section  hate  the  advantage  of  being  accessible  for  painting 

Art.  18.    The  main  clrdera  arc  braced  by  hor  disc  mdi,  whoie  ends 

which  they  may  be  tightened  or  loosened. 

The  remarks  In  *rt  6  on  the  end  «OMll  of  [be  Sellers  cable  apply  also  to 
those  of  (hi  Bdge  Moor,  esccpE  [ii«t  in  Hi-  lattu-  tl.f  whwls  are  25  Ins  In  diam.  and 


Hon  per  nnm  inch,  ind  to  withttaiiri  Ilia  nln 
The  EtfBe  Moor  tallica  are  made  40,  64,  M, 
end  ff>  ft  long,  and  are  de-dfrned  to  tarn  the 
heevlMfConaolidation'-  locomotln 
der  without  mibj-cIinR  uy  part  ol 


■rilUW'PABT.Tg. 

»  lD*«r  part  of  the  jonroal.toC  kj  AIM  wf 
•eral  parti  are  made  lui-go,  hi  order  to  Ihh 

,  ....  j  ...  .  lhoet,  1o  whirh  d^j  „„  Mbj, 


Lee**. 

, 

B4i?au£. 

eon 

weoiJiui 

|™ 

Art.  14.  Fig  »  afaows  lb*  center  bearing  tmngniHit  of  the  turn  talil*  patented 
mn<l  fnrptehed  liy  Mr.  C  O.  H.  Fritanectae!,  1 I  Biwdwaj,  Now  York.  Tbe  left 
■Ida  ol  the  Ilg  ie  Id  mcIIoo  ;  the  right  iide  j>  In  elevation. 


tbe  uiid  girdere,  E,  in  urdor  that  Icon  *'  MdJrjBtlB|;-p  Intra,  »  of  uj  required 
IhickiicM  maj  be  Inserted  between  either  angle -tier,  so.  end  lbs  «eb  of  tbe  nia 
Birder  which  it  eupporta.  Thl a  permits  h  transverse  adjustment  of  tbe  table,  an  that 
the  center  of  gravity  ol  ila  transverse  croea-eectlon  maj  be  brought  immediately 

"  ArsTlQ".    Foot  rol'effiron  'plaWj,  of  which  two  (or  ■  pair)  an  ahown  it  li 

by  an  kIg- pieces,  Y  Y.  Tbe  Lower  edges  of  these  pljjee  rent  upon  nilled-iron  wnabsi 

ol  the  not*,  N  N,  of  the  single  inverted  U-bolt,  II.  Tlie  nppet  part  or  t'bla  TJ-ho 
reata  in  a  taat-iron  saddle,  8;  the  neck,  V,  ol  which  enters  the  top  of  the  CHt-trc 
poet,  P,  and  rests  upon  the  upper  one  oftwo  steel  dises,  d,  which,  finally,  n* 

bottom  i.f  tho  cylindrical  carily  to  the  top  of  the  noat.     ■"■*■ ■"■ — -  ■ 

■me  of  lb«  (Ingle  r-boll  la  to  reduce,  a. 

the  InuO  load  sustained  by  oath.     I|a  shape,  and  II 
saddle,  8,  render  (he  table  *  rigid  mui  revolving  o 


.    The  object  In  Ibe> 
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Art.  16.  Oil  is  applied  through  openings  in  the  side  of  the  saddle-casting, 
8  These  openings  communicate  with  a  vert  hole  through  its  center,  and  thus  with 
a  similar  hole  through  each  disc.  The  two  faces  of  the  discs  in  contact  with  each 
other,  form  a  segment  of  a  sphere ;  and  each  face  has  three  radial  gutters,  extending 
from  its  cen  to  its  circumf.  Channels  are  cut  in  the  sides,  and  around  the  lower 
edge,  of  the  cylindrical  cavity  in  the  top  of  the  post.  Thus  all  the  parts  which 
revolve  upon  one  another  can  be  kept  bathed  in  oil. 

Art*  17.  Each  leg  of  the  U-bolt  passes  through,  and  is  held  in  place  by,  a  cast- 
iron  box,  B.  These  boxes  are  held  in  position  by  the  edges  of  the  four  inner 
angles  (corresponding  to  Y  Y,  but  not  shown  in  the  fig)  between  the  plates  Z  Z. 

Sometimes  the  two  washers,  X,  four  plates,  Z  Z,  and  the  two  boxes,  B,  are  omitted, 
and  two  cast-iron  boxes  of  another  shape  are  substituted  in  their  places,  one 
for  each  leg  of  the  U-bolt.  These  boxes  are  not  fastened  to  the  cross-girders,  but  the 
upper  flanges  of  the  latter  rest  upon  the  upper  corners  of  the  boxes,  which  are  fitted 
to  them.  The  cross-girders,  in  such  cases,  are  prevented  from  spreading  apart,  by 
bolts  passing  through  both  of  them,  close  to  the  cast-iron  boxes. 

Art*  18*  The  following  gives  the  weight*  of  iron  in  several  of  these  turn- 
tables now  in  use ;  with  the  wt  of  locomotive  and  tender  which  they 
turn ;  the  mai  load  on  the  end  carriage ;  and  that  on  the  pivot  pier.  This  last, 
of  course,  includes  the  wt  of  track  and  cross-ties  in  addition  to  the  other  wts 
named. 


Diatn  of 

Wt  of  iron  in 

Wt  of  looo 

Max  load  on 

Max  load  om 

turntable. 

turntable. 

and  tender. 

end  wheels. 

centre  pivot. 

ft. 

lbs. 

lbs. 

lbs. 

lbs. 

50 

1750O 

124000 

57000 

149000 

50 

20500 

150000 

64000 

177000 

55 

22500 

124000 

61000 

154000 

65 

25500 

161000 

68000 

194000 

60 

27500 

169000 

74000 

206000 

Prices,  accompanied  by  strain  sheets  based  upon  the  wheel  loads  of  loco  and  ten* 
der,  furnished  upon  application. 

Art.  19.  The  Oreenleaf  turntable,  Clements  A.Greenleaf,  M  E,  Indi- 
anapolis, Ind,  patentee  and  manufacturer;  is  made  in  a  variety  of  forms.  Its  dis- 
tinguishiiuv  feature  consists  in  a  series  of  27  cylindrical  steel  roll- 
ers, R  R,  Fig  lb,  2/B  ins  diam,  with  their  axes  vert.  These  rollers  are  arranged 
in  a  circle  around  the  post,  P,  P,  near  its  bate.  They  have  no  axles,  but  are  held  in 
a  circular  cast-steel  box  attached  to  the  cross-girder,  as  in  the  fig,  or  in  a  circular 
groove  in  the  center-box  when  this  last  is  of  cast-iron.  The  post  is  made  cylindrical 
externally, near  its  foot,  as  shown,  in  order  to  give  a  full  bearing  to  the  vert  sides  of 
the  rollers.  Their  object  is  to  prevent  the  tipping  of  the  turntable,  while 
turning,  even  although  the  locomotive  is  not  exactly  balanced  on  the  table  (Art.  1) 
and  thus  to  prevent  the  end  wheels  from  bearing  on  their  circular  rail. 

Art*  30.  Conical  rollers,  detain  a  roller-box* «  t>,  are  used,  as  in 
the  Sellers  (Art  3)  and  other  tables.  The  cap,  G,  rests  and  fits  upon  a  cast- 
Iron  hemisphere,  S,  a  cylindrical  dowel  on  the  bottom  of  which  enters  and 
fits  the  space  in  the  center  of  the  roller-box.  Oil  is  supplied  to  the  roller-box 
through  the  vert  passage,  Q,  and  its  branches. 

Art.  21*  The  post  here  shown  is  made  of  eight  60-lb  steel 
T  rails,  P  P  P,  4c,  with  their  flanges  outward.  To  these  flanges  is  riveted  an 
iron-plate,  O  O,  %  inch  thick,  forming  a  conical  shell  or  covering  for  the  post. 
The  steel  casting,  L  (at  the  top  of  which  is  the  path  for  the  vert  rollers,  R),  is  held 
to  the  wronght-irou  base-plate,  K,  by  long  rivets  which  pass  between  the  feet  of  the 
rails,  P,  of  the  post.  A  wrought-iron  "  tire,"  T,  is  shrunk  around  the  ends  of  the  rails. 
When  this  form  of  post  is  used,  the  arrangement  for  hanging;  the  table 
to  the  cap  is  similar  to  that  in  the  Edge  Moor  table,  Art  10.  Hollow  cast-, 
iron  posts,  however,  are  more  largely  used,  and  are  recommended  as  being  bet- 
ter and  cheaper. 

With  cast-iron  posts  a  cast-iron  center-box  is  used,  closely  surrounding  the  post, 
and  furnished  with  flanges,  by  which  it  is  riveted  to  plate-iron  cross-girders;  but 
the  arrangement  of  the  cap,  C,  hemisphere,  S,  and  rollers,  is  the  same  as  in  Fig  10. 

Art.  22.  In  all  cases  the  table  is  suspended  from  the  cap  by  8 
bolts,  arranged  in  a  circle.  The  holes  in  the  cap  are  made  a  little  larger 

in  diam  than  the  bolts,  to  allow  the  slight  hor  movement  of  the  center-box,  caused 
by  the  tipping  of  the  table  when  an  engine  comes  upon  it,  or  leaves  it,  because  the 
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•art  rollers,  K  K,  prevent  this  motion  from  liking  place  new  the  foot  of  the  poet, 

Art.  23.  These  tabled  nre  made  both  of  wrought- and  of  RM1-lrer,,and  are  largely 
Med  (especially  on  Western  roads)  with  Terr  satisfactory  nsnlte, 
A  (3ro0nl«if  wrifna'iie-tnm  tni-ntahfe,  no  ft  lonF,  weighs  2S000  Raj,  ant 


Art.  21.    The  wronght-lron  turntable  made  by  Che  Union  Brldbjfe  | 
il'h:  liellnmr  ti  ilnorltei,  of  Athens',  Pit,  also  ha*  vert  rolls; 

Tlit)  11,  held  Id  place  by  vert  ailes,  and  «e  nied  one  on  etch  ride  of  the  pott,  or 
lliar  iil„,r  liufijoiniliir  [tieir  WMlem,  is  nt  right  angles  to  the  longitudinal  mis 
()..■  ti.inrat.lt>.     They  thus  aid  In  pr-Teatihg  .iiiew«ys  tlpplnn,  but  not  In  bslnnci 

Art.  1*0.    Mr.  H.  T.  Nt*ch.  Chicago,  III,  furnishes  h  turntable  In  vol 

tr  .1  vrrt  BLrui'mid  itmlliifrl  tension-rods  like  Figfi^p  al^Usirted."  Prion  of  ■* 
table,  1888,1800;  61)  ft,  11600, 
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WatdM  tanttaklcfl.  with  none  hut  two  common  wheel  rollera  at  euh 
end  of  the  platform,  are  somi'tiraea  resorted  to  from  motives  of  original  cost. 
They  are,  however,  much  harder  to  turn,  generally  requiring  two  uieu,  aided 
by  wheel  work;  and  are  more  liable  to  net  out  of  order;  and  more  expensive  to 
repair.  They  are  made  of  a  great  variety  of  patterns,  boib  as  regards  the 
girdera,  and  the  centre]  pivots,  end  rollers,  ic.  Frequently  an  addition  1>  made 
oT  8  to  ia  small  rollers  travelling  on  a  circular  rail  of  0  to  12  (est  dlmiu-rer. 
around  the  pivot  aa  a  center.  These  are  intended  to  austa'm  the  whole  weight; 
the  end  rolleri  being  ao  adjusted  aa  to  toach  their  nil  only  wben  the  platform 
roths  or  tilts  aa  the  engine  eaten  or  leave*  It.  Tnerelore,  there  la  lew  resistance 

last  case,  the  engine  and  tender  cannot  be  balanced  ao  precisely  upon  the 
slender  central  pivot,  aa  to  prevent  a  great  part  of  the  weight  from  being 
thrown  upon  the  and  rollers;  thus  materially  increasing  the  Motional  re- 


in plan,  theae  wooden  platforms  are  sometlmea  In  shape  of  a  cross;  that  ia.  In 

right  angles  to  it,  also  extending  across  the  pit ;  and  having  end  rollers  travel- 
ling  on  the  circular  rail.    Thus,  in  i'ivs  H  sliow  one  of  the  many  modes 

platform  regis  en  the  girders  o,  which  are  strengthened  below  by  braces  a;  while 
the  transverse  one  rests  on  the  timbers  o,  o,  which  must  be  Imagined  to  exteud 

serves  merely  as  a  balance  to  it:  therefore,  m-l.h.r  of  tliem  requires  to  be 
very  strong.    It  la  Important  to  connect  the  four  ends  of  the  two  platforms  by 

figures  the  wheel  work  Bills  for  convenience  improperly  shown  aa  if  it  stood 
upon  the  main  platform. 


The  figures  need  but  little  explanation.  They  represent  an  actual  4B-1 
platform,  which  has  been  In  use  for  some  years.  The  convex  foot  t  of 
central  pivot,  about  6  Inches  diameter  should  be  faced  with  steel :  and  she 
rest  on  a  steel  jfrp  n.    This  should  be  kept  well  oiled;  and  protected  fi 

Inches  diameter,  is  cot  into  a  screw  with  square  threads  about  J  inch  thi 

cast-iron  nuta-v;  and  serves  for  rnlafnf  'the  whole  pTaWomVhcn  pnnn 
When  not  in  use  for  this  purpose,  It  Is  keyed  tight  to  the  pisiform,  (by  a  kei 
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its  bead  n,)  so  as  to  revolve  with  it.    Strong  screw-bolts  ii  connect  the  several 
timbers  at  the  center  of  the  platform. 

R  is  a  light  cast-iron  stand  supporting  two  bevel  wheels  about  1  foot  diameter, 
which  give  motion  by  means  of  an  axle  d\\%  inches  diameter  to  two  similar 
ones  below,  shown  njore  plainly  at  W  and  Y.  These  last  give  motion  by  the 
axle  x  to  the  pinion  <?,  (6  inches  diameter,  and  2W  inches  face.)  which  turns  the 
platform  by  working  into  a  circular  rack  t,  (teeth  horizontal,  1  inch  pitch ;  3}£ 
inches  face,)  which  surrounds  the  entire  pit.  This  rack  is  spiked  to  the  under 
side  of  a  continuous  wooden  curb  H,  which  is  upheld  by  pieces  F,  a  few  feet 
apart,  which  are  let  into  the  wall  J  J,  which  lines  the  pit.  The  short  beam 
M  N,  (about  6  feet,)  which  carries  the  lower  wheelwork,  is  suspended  strongly 
from  the  beams  of  the  transverse  platform  above  it.  Instead  of  the  two  lower 
bevel  wheels  W  Y,  and  the  horizontal  axle  x,  a  more  simple  arrangement  is  to 
place  the  pinion  e  at  the  lower  end  of  the  vertical  axle  a;  and  let  it  work  into 
a  rack  with  vertical  teeth  at  w,  on  the  inner  face  of  the  stone  foundation  of  the 
circular  rail.  For  this  purpose  the  stand  R  should  be  directly  over  u.  There 
are  two  cast-iron  rollers  r,  2  feet  diameter,  8  inch  face,  uuder  each  end  of  the 
main  platform ;  and  one  uuder  each  end  of  the  secondary. one. 

Although  this  kind  of  .platform  necessarily  has  much  friction,  yet  one  man 
can  geuerally  turn  a  45-foot  one  by  means  of  the  wheelwork,  when  loaded 
with  a  heavy  engine  and  tender,  indeed,  he  may  do  it  with  some  difficulty 
by  band  only,  while  all  is  new  and  in  perfect  order;  but  when  old,  and  the 
circular  railway  uneven  and  dirty,  it  requires  two  men  at  the  winches  to  do  it 
with  entire  ease. 

As  before  remarked,  the  resistance  to  turning  is  diminished  by  employing  a 
set  of  from  8  to  12  rollers  or  wheels  r, 
Figs  12,  about  a  foot  to  15  inches  in  diam- 
eter, so  arranged  as  to  form  a  circle  8  to  12 
feet  diameter  around  the  pivot.  When  this 
is  done,  the  main  girders  of  the  platform 
are  placed  8  to  12  feet  apart;  and  long 
cross-ties  are  used  for  supporting  the 
railway  track.  Also,  the  main  girders 
are  sometimes  trussed  by  iron  rods,  as  FiffSt  12« 
in  the  swing  bridge  on  page 593;  but  in-  ,  6 
stead  of  one  post  <zc,  it  is  best  to  have 
two,  6  or  8  feet  apart  at  foot,  and  meeting 
at  top.  The  width  of  platform  must  then  be  sufficient  to  allow  the  engine  to 
pass  the  posts  on  either  side  of  it.    Ten  feet  will  suffice. 

Fig  12  shows  the  arrangement  of  these  rollers  r,  which  revolve  upon  a  cir- 
cular track  * :  while  the  platform  rests  on  their  tops  by  the  track  «.  The 
rollers  r  are  held  between  two  wrought-iron  rings  o,  o,  about  3  inches  deep, 
}4  inch  thick,  which  also  are  carried  by  the  rollers.  From  each  roller  a  radial 
tie-rod  L  1  inch  diameter,  extends  to  a  ring  nn,  which  surrounds  the  pivot  p, 
closely,  but  not  tightly,  so  as  to  revolve  independently  of  it.  These  tie-rods 
keep  the  rings  oo  at  their  proper  distance  from  the  pivot,  so  that  the  rollers 
cannot  leave  the  rails  *  and  «.  Between  each  two  rollers,  the  rings  oo  should 
be  strengthened  by  some  arrangement  like  a,  to  prevent  change  of  shape.  The 
pivot  p  may  be  as  in  Figs  11.  There  must,  of  course,  be  the  usual  two  rollers 
under  each  end  of  the  platform,  for  sustaining  the  engine  as  it  goes  on  or  off; 
hut  during  the  act  of  turning  the  platform,  the  whole  weight  should  rest  on 
the  central  rollers.  Such  a  platform  of  50  feet  length  can,  if  carefully  made, 
be  turned,  together  with  an  engine  and  tender,  by  one  man,-  by  means  of  a 
wooden  lever  12  to  15  feet  long, inserted  in  a  staple  for  that  purpose;  and  there- 
fore may  dispense  with  the  transverse  platform  for  sustaining*wneelwork. 

Such  rollers  as  have  just  been  described,  in  connection  with  friction  rollers. 
Fig  5,  form  perhaps  the  beat  arrangement  for  a  targe  turning 
bridge.  At  least  one  end  of  a  platform  must  be  provided  with  a  eaten  or 
stop  Tor  arresting  its  motion  at  the  moment  it  has  reached  the  proper  spot. 
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A  common  inodo  It  shown  at  Fie  13.    It  coniists  uf  a  wrougbt-lron  bar  m  n,  4 

feel  long,  3  inches  wide,  and  %  thick;  binned  at  its  end  m,  wTdcb  la  conBued  to 

the  tup  uf  the  pisiform.    Ita  outer  end  *  U 

formed  into  a  ring  V  for  lifting  It.    A  atrong 

?£!«..",&*  wfttfijfis? " 'A 


indi  Li.it k.  =»iBuflriiilj  bulled  to  the  lop  ol 
the  platform :  and  the  stop-bar  mn  rests  In  III 

,    A  a^niila"  casting  «  o  i«  ™ell*  bullS   M  tin 
)    wooden  or  atone  coping  ec,  which  .nrroundi 

'      th»  Inn  nf  lha  lining  wall  nf  lha  nil       Wl.or 


the  platform  is  to  be  atarted  again,  the  uiir  is 

and  mores  with  tbe  platform  ;  or,  if  required,  Ihe 
I  luriied  enLirelv  oter  on  lis  back.    When  there  is  a 

--  „ Inert  l.fnu^w  the  men  who"*,  ihe'urnTng?  It  titer. 

i*  only  ■  main  pUlforni,  the  sf.p  may  be  placed  midway  of  the  THila.  Some- 
II  m™  anprlmc  »s»teh  i>  placed  at  such  end  of  ihe  platr/orm;  and  each  catch 
is  loosened  from  its  hold  at  the  nanne  instant  by  a  long  double-acting  le?er.   All 


tjie^turnlug^, 

°a  pialfo 


of  tbe  friction  nUeri,  Fig  9,  friction 
inches  diameter,  of  polished  Heel,  are 
used.    The  pilots  also  are  nisiic  in 


Engine  bousro,  of  brick,  coat  from  11000  lo  liaoo  per  engine  stall,  eiclu- 

Tbe  coat  e>f  >  complete  set  or  abops  nf  brick,  for  the  thorough  re- 

and  other  ears;  together  with  suitable  smith  shop,  foundry,  cor  shop,  boiler 
shop,  copper  and  bran  shop,  paint  shop,  store  rooms,  lumber  shed,  offices,  4c: 
aim  plelely  furnished  with  sieain  power,  lathes,  planing  machines,  scales,  and 
fill  other  uerecviry  tools  anil  appliances,  "ill  be  about,  from  ip.TOOO  to  SKNXMW  ex- 

A  moderate  establishment,  for  tbe  repalra  of  a  few  engines  only,  may  be  built 
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WATER  STATIONS. 

Wafer  station*  are  points  along  a  railroad,  at  which  the  engines  stop  to 
take  in  water.  Their  distance  apart  varies  (like  that  of  the  fuel  sta- 
tions, which  accompany  them,)  from  about  6  miles,  oh  roads  doing  a  very  large 
business:  to  15  or  20  miles  on  those  which  run  but  few  trains.  Much  depends, 
however,  upon  where*  water  can  be  bad.  It  has  at  times  to  be  conducted  in 
pipes  for  2  or  3  miles  or  more.  The  object  in  having  them  near  together  is  to 
prevent  delay  from  many  engines  being  obliged  to  use  the  same  station.  To 
prevent  interruption  to  travel,  they  are  frequently  placed  upon  a  side  track. 
A  supply  of  water  is  kept  on  hand  at  the  station,  usually  in  large  wooden  tuba 
or  tanks,  enclosed  in  frame  tank-houses.  The  tank-house  stands  near  the  track, 
leaving  only  about  2  to  4  feet  clearance  for  the  cars.  It  is  two  stories  high ;  the 
tank  being  in  the  upper  one ;  and  having  its  bottom  about  10  or  12  feet  above  the 
rails.  In  the  lower  story  is  usually  the  pump  for  pumping  up  the  water  into  the 
tank;  and  a  stove  for  preventing  the  water  from  fretting  in  winter.* 

The  tanks  are  usually  circular;  and  a  few  inches  greater  in  diameter  at  the 
bottom  than  at  the  top,  so  that  the  iron  hoops  may  drive  tight.  Their 
capacity  generally  varies  from  6000  to  40000  gallons,  (rarely  80000  or  more,) 
depending  on  the  number  of  engines  to  be  supplied.  A  tendef>tasik  h«Ms 
from  1000  to  3000  gallons ;  and  an  engine  evaporates  from  20  to  150  gal- 
lons per  mile,  depending  on  the  class  of  engine;  weight  of  train ;  steepness  of 
grade,  Ac.  Perhaps  40  gallons  will  be  a  tolerably  full  average  for  passenger,  and 
80  for  freight  engines.  The  following  are  the  contests  ©f  tanks 
of  different  inner  diameters,  and  depths  of  water.  U.  8.  gallous  of  231  cable 
inches;  or  7.4805  gallons  to  a  cubic  foot. 


Diam. 

Depth. 

Contents. 

Diam. 

Depth. 

Contents. 

Ft. 

Ft. 

Gallons. 

Cub.  Ft. 

Ft. 

Ft. 

Gallons. 

Cub.  Ft 

12 

8 

6767 

905 

24 

12 

40607 

6429 

14 

9 

10363 

1385 

26 

13 

51628 

6903 

16 

9 

1353o 

1810 

28 

14 

64481 

8621 

18 

10 

19034 

2545 

30 

15 

79310 

10603 

20 

10 

23499 

3142 

32 

16 

96253 

12868 

22 

11 

31277 

4181 

34 

17 

115451 

15435 

Cypress  or  any  of  the  pines  answer  very  well  for  tanks.  The  stares 
may  be  about  2%  inches  thick  for  the  smaller  ones;  to  4  or  5 inches  for  the 
largest.  The  bottoms  may  be  the  same.  The  staves  should  be  planed  by  ma- 
chinery to  suit  the  curve  precisely.  Nothing  is  then  needed  between  the  staves 
to  produce  tightness.  A  single  wooden  dowel  is  inserted  between  each  two  near 
the  top,  merely  to  hold  them  in  place  while  being  put  together.  The  bottom  is 
dowelled  together ;  and  simply  inserted  into  a  groove  very  accurately  cut,  about 
an  inch  deep,  around  the  inner  circumference  of  the  tub,  at  a  few  inches  above 
the  bottoms  of  the  staves. 

One  of  20  feet  diameter,  and  12  feet  deep,  may  have  9  hoops  of  good  iron ;  placed 
several  inches  nearer  together  at  the  bottom  of  the  tank  than  at  the  top.  Their 
width  3  inches;  the  thickness  of  the  lower  two,  Winch;  thence  gradually  dimin- 
ishing until  the  top  one  is  but  half  as  thick.  The  lower  two  are  driven  close 
together.  These  dimensions  will  allow  for  the  rivet-holes  for  riveting  together 
the  overlapping  ends;  and  for  a  moderate  strain  in  driving  the  hpops  firmly 
into  place.f  Three  rivets  of  %  inch  diameter,  and  3  inches  apart,  in  line,  are 
.sufficient  for  a  joint  of  a  lower  hoop.  One  of  34  feet  diameter,  17  deep,  may 
have  12  hoops;  the  lower  ones  4  inches  by  J£;  with  three  %-inch  rivets  to  a 
lower  hoop-joint. 

The  bottom  planks  of  the  tank  must  bear  firmly  upon  their  supporting  joists, 
or  bearers. 

A  tank  must  have  an  inlet-pipe  by  which  the  water  may  enter  it  •  a  waste- 
pipe  for  preventing  overflow ;  and  a  discharge  or  feed-pipe  7  or  8 
inches  diameter,  in  or  near  the  bottom;  through  which  the  water  flows  oat  to 
the  tender.  The  inner  end  of  the  discharge-pipe  is  covered  by  a  valve,  to  be 
opened  at  will  by  the  engine  man,  by  means  of  an  outside  cord  and  lever.    To 

*  A  frame  tank-house,  18  feet  square,  with  stone  foundations  for  both  house 
and  tank,  will  by  itself  eost  $400  to  $600.  A  hrick  or  stone  one  somewhat  more. 

fSuch  a  tank,  put  up  in  its  place,  will  eost  about  $400.  Geo.  J.  Burkhardfs 
Sons,  North  Broad  St  below  Cambria,  Philadelphia,  make  tanks  their  specialty; 
and  are  provided  with  machinery  which  secures  perfect  accuracy  oi  joint  is 
every  part.    Their  work  is  sought  from  great  distances. 
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Its  outer  end  is  generally  attached  a  flexible  canvas  and  gum-elastic  hose  about 
7  or  8  inches  diameter,  aud  8  or  10  feet  long,  through  which  the  water  enters  the 
tender-tank.  Or,  instead  of  a  hose,  the  feed-pipe  may  be  prolonged  by  a  metal- 
lic pipe,  or  noasle,  sufficiently  long  to  reach  the  tender;  and  so  jointed  as,  when 
not  in  use,  to  swing  to  one  side,  or  to  be  raised  to  a  vertical  position,  (iii  the  last 
case  it  is  called  a  drop,)  so  as  not  to  be  in  the  way  of  passing  trains. 

The  same  tank  may  supply  two  engines  on  different  tracks,  at  once.  The 
tanks  are  very  durable. 

The  patent  frostproof  tank  of  John  Barnham,  Batavia, 
Illinois,  is  simply  an  ordinary  tank,  in  which  the  water  is  prevented  from 
freezing  by  means,  1st,  of  a  circular  roof  which  protects  a  ceiling  of  joists,  be- 
tween which  is  a  layer  of  mortar;  2d,  by  an  air-space  obtained  by  a  similar  ceil- 
ing beneath  the  timbers  on  which  the  tank  rests.  Although  the  sides  are  en- 
tirely unprotected,  no  house  is  necessary ;  but  merely  strong  posts  and  beams 
on  a  stone  foundation,  for  the  support  of  the  tank.*  The  supply  pipes  are  in 
boxes  made  of  boards  and  tar-paper. 

Tanks  are  frequently  made  rectangular,  with  vertical  sides  of 
Boats  lined  with  plank,  aud  braced  across  iu  both  directions  by  iron  rods.  They 
are  more  apt  to  leak  than  circular  ones.  They  have  been  made  of  iron ;  but 
wood  seems  to  he  preferred. 

The  water  for  supplying-  the  tanks,  may  be  pum  ped  by  hand,  steam, 
horse,  wind,  hydraulic  ram,  or  otherwise,  from  a  running  stream;  from  a  pond 
made  by  damming  the  stream  if  very  small  or  irregular;  from  a  cistern  below 
the  tank;  or  from  a  common  well.  Many  roads  doing  a  business  of  10  or  12 
engines  daily  in  each  direction, depend  entirely  upon  wells;  and  pump  by  hand ; 
generally  two  men  to  a  pump.  Those  doing  a  very  large  business,  when  the 
supply  cannot  be  obtained  by  gravity,  mostly  use  steam.  The  windmill  is 
the  most  economical  power;  and  when  well  made,  is  very  little  liable  to  get  out 
of  order.  Of  course  it  will  not  work  during  a  calm ;  but  this  objection  may  be 
obviated  in  most  cases  by  having  the  tanks  large  enough  to  hold  a  supply  for 
several  days.f    Steam,  however,  is  most  reliable. 

The  following:  table  will  give  some  idea  of  the  power  required  in 
a  steam  engine  for  the  pumping.  In  ordering  an  engine,  specify  not 
its  number  of  horse-powers,  but  the  number  of  gallons  it  must  raise  in  a  given 
number  of  hours,  to  a  given  height;  with  a  given  steam  pressure,  (say  about  60 
to  80  B>s  per  square  inch.)  The  pump  should  be  sufficiently  powerful  not  to  have 
to  work  at  night ;  and  should  be  capable  of  performing  at  least  25  per  cent,  more 
than  its  required  duty. 

A  fair  average  horse  should  pump  in  S  hours  the  quantities 
contained  in  the  first  3  columns;  to  the  height  in  the  4th  column ;  or  sufficient 
to  supply  the  number  of  locomotives  in  the  5th  column,  with  about  2000  gallons 
each.    Two  men  should  do  about  one-third  as  much. J 


Cab.  Ft. 

Lot. 

Gals. 

et.Pt. 

No.  of 
Locos. 

Cub.  Ft. 

Lbs. 

Gali. 

Ht.Ft. 

No.  of 
Looofl. 

1600 

100000 

11968 

100 

6 

4571 

285714 

34194 

35 

17 

2000 

125000 

14960 

86 

?K 

5333 

333333 

39893 

30 

20 

2667 

166666 

19946 

60 

10 

6400 

400000 

47872 

25 

24 

3200 

200000 

23936 

50 

12 

8000 

500000 

59840 

20 

30 

3555 

222222 

26596 

45 

13K 

10667 

666667 

79787 

15 

40 

4000 

250000 

29920 

40 

15 

16000 

1000000 

119680 

10 

60 

A  reservoir,  with  a  stand-pipe,  or  water  eolumn,  is  preferable 
to  the  ordinary' tank,  when  the  locality  admits  of  it ;  being  less  liable  than  the 
pump  to  get  out  of  order;  and  being  cheaper  in  the  end.  The  reservoir  is  sup- 
posed to  be  filled  by  water  flowing  into  it  by  gravity ;  and  to  have  its  bottom  at 

♦The  U.S.  Wind-Engine  and  Pump  Co,  of  Batavia,  111,  make  a  specialty  of  the 
construction  and  erection  of  these  tanks,  complete  iu  every  detail,  ready  for  use. 
They  also  make  windmills. 

f  Andrew  J.  Corcoran,  No.  76  John  St,  New  York,  furnishes  excellent  machines. 
He  also,  when  desired,  provides  pumps.  Ac,  complete.  The  cost  of  windmill 
alone,  for  railway  stations,  varies  from  about  3450  for  18  feet  diameter ;  to  $1500 
for  36  feet  diameter,  at  the  factory. 

JThe  east  of  a  direct  acting  steam  pump,  with  its  boilers,  Ac, 
fixed  in  place,  ready  for  work,  and  capable  of  the  duty  of  the  above  table,  may 
be  roughly  set  down  at  about  $450;  twice  the  duty,  9600;  4  times,  $750;  6  times, 
8000 ;  10  times, $1300 ;  20  times,  $2000.  Add  cost  of  engi ne-house.  Made  by  Hen ry 
R.  Worth Ington,  86  Liberty  St,  New  York ;  Geo.  F.  Blake  Manufacturing  Co. 44 
Washington  St,  Boston ;  and  by  many  establishments  in  most  of  our  large  cities. 
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lent  shout  8  feet  above  the  nil*;  or  »t  am  greater  height  wheleier  that  Uh 
ground  and  the  hei«ht  of  the  water  may  require.  II  may  be  excavated  In  the 
ground;  lined  with  brick  or  masonry  In  cement;  Willi  •  bottom  of  concrete: 
or  It  mi;  be  built  above  groond,  according  to  tlie  locality.    It  may  be  roofed 

tunce  from  thein,  according  to  circumstances  *  From  Its  bottom,  an  iron  pip- 
from  8  to  12  Inches  dismeti-r,  Is  carried  (generally  underground,)  to  with  in  a  lev 

......  ,t..    ,,,.  ■  i- .„,,.(.,,  .  ■  ■  and.  pipe.  *r  >»l>r-«ul<inini  !•„•»  is- 

the  supply  ot  twour  more  enalm-e  el  once,  through  as  mmj  eland-pipes.  Where 

It;  and  which  mar  be  worked  by  a  band-wheel  placed  at  inch  a  height  asm  be 
easily  reached  by  the  engine  man.*  A  fun  on  the  principle  of  those  for  street 
pipes,  uige  301,  is  best. 

On  some  of  the  more  Important  llneo,  the  lender*  of  feat  train*  KOOt 
tip  writer,  while  m»nlnc,  from  a  long  tronch,  or  "  trmwJi  tank" 

A*  originally  Introduced  In  England,  by  Rnmebottom,  the  trough  vh  of  cast- 
iron,  in  lengths  of  abonr  o  ft    These  were  bolted  together  by  means  or  flanges  at 


Our  figure  la  a  vertical  croBHecttnn  of  the  standard  trick  tank  of  the  Pettnsyl- 

notched?*,  'shown,  to  receive  lbs  trough,  which  Is  loosely  held  to  than  to  In 

ot  tit  JWX  I  winch  angle  bam.  Au'dA.    H  had  M  are  mouldings  of  IJi"  >J 
inch  betfron.  %»  angle,  and  the  mouldings  are  in  lengths  of  16  ft,  and  anrtotal 

Tlie  »eo»p  on  the  tinde.  Is  lowered  Into  the  trough,  stnd  raised  from  it, 
by  means  of  a  later  on  the  fireman's  platform,  and  Is  not  permitted  to  touch  the 
bottom  of  the  trough. 

Tlie  trough  In  unpolled  with  water  by  means  of  pipe*  leading  from  an  ad- 

To  prevent  the  water  from  freerinsr  in  winter,  steam  Is  led  to  the  trough 
from  the  bnllei  of  tlie  pumping  engine,  through  Iron  pipes  laid  under  ground  along- 
side of  the  track.  Tbeie  pipes  are  provided  with  branches  which  Introduce  the 
steam  to  the  trough  at  every  40  ft  of  lie  length.    The  .team-pipes  are  protected  by 

^|3S«il}T^I^flyT««»t1i«l!i  S'oo^ffiSt.™  '£el)"iiie'u u^SdVbhb  £ 
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Evaporation  from  Locomotives.  In  addition  to  what  is  said  on  page 
800,  in  the  passage  preceding  the  table,  we  may  state  that  the  evaporation  Is 
usually  from  6  to  7  lbs  of  water  to  1  ft  of  fair  coal.  Hence  if  we  take  the  average 
at  6U  ft>s,  or  say  .8  of  a  gallon  of  water  to  1  lb  of  coal,  and  assume,  as  on  page 
800,  that  a  passenger  engine  evaporates  an  average  of  40  gallons  per  mile,  and 
a  freight  engine  80  gallons,  we  shall  have  very  nearly  2%  tons  of  coal  consumed 
per  100  miles  hy  the  former ;  and  4%  tons  by  the  latter.  The  evaporation  front 
a  heavily  tasked  powerful  engine  may  amount  to  150  gallons  or  more  per  mile; 
but  such  is  an  exceptional  case. 

Theoretical  thickness  near  bottom  of  sheet-iron  water 
tanks,  single  riveted;  safety  4;  ultimate  strength  of  the  iron  40000  lbs  per 
square  inch,  but  reduced  say  one-half  by  punching  the  rivet  holes.  Although 
safe  against  the  pressure  of  the  water,  some  are  plainly  far  too  thin  for  handling. 


Depth  in 
Feet 


INNER  DIAMETER  IN  FEET. 


10 


15 


20 


25 


30 


35 


40 


THICKNESS  IN  INCHES. 


1 

.0026 

.0052 

.0078 

.0104 

.0130 

.0156 

.0182 

.0208 

5 

.0130 

.0260 

.0391 

.0520 

.0651 

.0781 

.0911 

.1042 

10 

.0260 

.0521 

.0781 

.1042 

.1302 

.1562 

.1823 

.2083 

15 

.0391 

.0781 

.1172 

.1562 

.1953 

.2344 

.2734 

.3125 

20 

.0521 

.1042 

.1562 

.2084 

.2604 

.3125 

.3645 

.4166 

25 

.0651 

.1302 

.1953 

.2604 

.3255 

.3906 

.4557 

.5208 

30 

.0781 

.1562 

.2344 

.3124 

.3906 

.4687 

.6470 

.6250 

Railroad  track  scales  are  made  by  Riehle  Bros.,  office,  413  Market  St., 
Phila.,  and  by  Fairbanks  &  Co..  St.  Johnsbury,  Vt  Price-list  of  Richie  track 
scales.  Discount,  1888,  about  45  per  cent.  The  capacities  are  in  tons  of  2000 
lbs  or  2240  lbs,  as  may  be  desired. 


Capac- 

Length. 

Price. 

Capac- 

Length. 

"Price. 

ity. 

ft. 

• 

ity. 

ft. 

$ 

10 

12 

350 

65 

40  to  65 

1850 

15 

12  to  15 

400 

75 

40  to  85 

2200 

20 

12  to  16 

600 

100 

60  to  112 

2800 

30 

20  to  32 

850 

150 

60  to  123 

3200 

40 

30  to  40 

975 

150 

100  to  150 

3700 

50 

40  to  50 

1100 

Post- and -rail  fences,  in  panels  8*^  ft  long;  5  rails ;  usually  cost  between 
40  to  100  cents  per  panel,  including  the  putting  up ;  or  from  $512  to  $1280  per  mile 
of  road  fenced  on  both  sides,  with  1280  panels. 

Fence-posts  are  usually  of  chestnut,  cedar,  or  white  oak.  They  last  about  10  years 
on  an  average.  The  usual  size  is  2  to  3  ins  thick  X  6  to  7  ins  wide,  8  ft  long,  5  ft 
above  ground.  Their  cost  varies  greatly ;  say  from  b%  to  26  cts  each ;  average,  10 
to  15. 

Worm  fences  seven  rails  high,  with  two  rails  on  end  at  each  angle,  cost  about 
^th  less.  Labor  $1.75  per  day.  The  scarcity  or  abundance  of  timber  chiefly  in- 
fluences the  price ;  as  is  also  the  case  with  ties. 

Barbed  Steel  wire  fence  costs,  per  mile  of  single  row  of  fence,  put  up, 
including  the.  wooden  posts  and  all  labor,  from  $150  to  $250,  depending  on  the 
height  of  fence,  the  varying  market  price  of  wire,  labor,  Ac. 

A  way-station  house,  30  X  60  feet,  surrounded  by  a  platform  12  feet  wide 
protected  by  projecting  roof;  for  passengers  and  freight;  will  cost  from  $6000  to 
$10,000,  according  to  finish  and  completeness,  at  eastern  city  prices. 
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Approximate  average  estimate  lor  a  mile  of  single-track 

railway.    Labor  $1.75  per  day. 

Grubbing  and  clearing,  (average  of  entire  rood,)  3  acres  at  $50~ $  150 

Grading;  20000  cub  yds  of  eartJt  excavation,  at  35  cts ~~ 7000 

"          2000  cub  yds  of  rock  excavation,  at  $1.00 ~ 2000 

Masonry  of  culverts,  drains,  abutments  of  small  bridges,  retaining-waUs,  cfe; 

400  cub  yds,  at  $8,  average ~ ~ .. 3200 

Ballast;  3000  cub  yds  broken  stone,  at  $1.00 3000 

Cross-ties;  2640,  at  60  cts,  delivered... 1584 

Rails;  (60 16*  to  a  yard;)  96  tons,  at  $80,  delivered 2880 

Spikes 160 

Railrioints.... 80S 

Sub-delivery  of  materials  along  the  line. -  300 

Laying  track ' 6<HI 

Fmdng ;  (average  of  entire  road,)  supposing  only  %  of  its  length  to  be  fenced..  450 

Small  wooden  bridges,  trestles,  sidings,  road-crossings,  cattle  guards,  i£c,  <tc~..~  1000 

Landdamages _  1000 

Engineering,  superintendence,  officers  of  Ob,  stationery,  instruments,  rents, 

printing,  law  expenses,  and  other  incidentals 2386 

Total $26000 

Add  for  depots,  Shops,     Engine-  booses.  Passenger  and  Freight  Stations.  Plat* 
Wood  Sheds,  Water  stations  with  their  tanks  and  pumps,  Telegraph,  Engines,  Cars,  Weigh 
fools,  *o,  *o.   Also  for  large  bridges,  tunnels,  Turnouts,  4e. 
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Williams  t  Co,  projjrliHurt ;  will  give  an  idea  of  the  present  usual  prOBOrt 
of  locomotives  unit  tendon  no  male  In  the  United  SUtt** 

Ju  the  deaignation  of  the  elua.  the  first  number  [H,  10,  4cjl«  'b*  tot*1  "» 

cMing'the  "diameter  of  the  cjlinders.     The  letter  '(C,  D,  or  B)  indicstee  the  Bt 
(4JI,  or  8,  respectively)  of  dn'tunfl-w  heels. 

The  wtleel- base  is  the  di»tance  from  center  lo  center  of  the  front  am 
wheels.     For  minimum  length  at  turntable,  ulil]«to2  ft  to  the 

Under  "Service,"  PnmuisFow-ffer;  r,fr«gM;  H,mixnf;  S.wiu 
For  tt«n«""  nf  4  ft  H  1-2  Ins. 
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The  following  are  the  principal  dimensions,  Ae,  of  five  recent  and  e:> 
eeptionally  large  types  of  locomotives: 


"  Decapod.'* 
Largest  loco 
built  by  the 
Baldwin  WkB 
up  to  1887. 

"  El    Goberna- 
dor,"      Ceutl 
Pacific  R   K. 
1884,  crls  *21 
X36. 

"Class  K." 

Engine  "  No. 

10.    Ac,  Peuna 

RR 

44  Class  P." 
Penua  R  R. 

Passeuger. 

4  ft  9  ins 
4 

Phila  ft 
Reading  R.  R. 
Baldwin  Wks, 

1888. 

Service 

Freight. 
4  ft  8^  ins 

10 

Freight. 

4  ft  8%  ins 
10 

Fnst  Pasa'r. 
4  ft  9  ins 

4 

Fast  Pasa'r. 
4  ft  S}4  ins 

4 

Driving  w heels : 

45  ins 

57  ins 

78  ins 

68  ins 

68%  ins 

Truck  wheels : 

1      S    2 

4 

4 

4 

4 

Wheel-base : 

Locomotive : 

17  ft  0      ins 

19  ft   7  ins 

7  ft  9     ins 

7  ft  9     ins 

7  ft    6    ins 

24  ft  4      ins 

28  ft  11  ins 

22  it  1%  ins 

22  ft  rl%  ins 

22  ft    1    in 

14  ft  5      ins 

15  ft    2  ins 

15  ft  4     ins 

15  ft  4     ins 

16  ft    0    ins 

Loco  and  ten- 

49  ft  2      ins 

62  ft   7  ins 

47  ft  8     ins 

47  ft  8     ins 

49  ft    5    ins 

Extreme  length: 
Loco  and   ten- 

59  ft  9}£  ins 
14  ft  6      ins 

63  ft   8  ins 
16  ft    2  ins 

68  ft  6     ins 
15  ft  0     ins 

58  ft  7     ins 
15  ft  0     ins 

60  ft    8    ins 

Height: 
Top  of  chimney 
above  top  of 

14  ft    6    ins 

Weight  in  work- 
ing order,  lbs 
Locomotive : 

Greatest  on  1 

pair  of  dri- 

27000 

25800 

33600 

34700 

41500 

On    all    dri- 

134000 

148000 

82000 

121600 

152000 

85G50 

59000 
92700 
56300 

59450 

100600 

56300 

82500 

Toial 

114500 

Tender 

76000 

Loco  and  ten- 

230000 

237650 

149000 

156900 

190500 

Capacity  of  ten- 
der: 

16000 

10000 

12000 

12000 

14000 

Water: 

Gals    of    231 

cubic  ins... 

3600 

3000 

2400 

2400 

8500 

From  the  above  lists  it  will  be  seen  that  the  weight  of  road  loeomo* 
fives  per  foot  of  their  total  wheel-base  varies  from  .9  ton  in  light 

passenger  engines  lor  3  ft  gauge,  to  2.5  tons  in  very  heavy  freight  engines  for 
standard  gauge. 
The  eost  of  locomotives  and  tenders  is  about  from  9  to  12  cts  per 

pound  of  locomotive  alone,  varying  with  the  details  of  the  specifications,  Ac. 

Steel  driving  tires  are  usually  of  open  hearth  steel,  and  are  from  2% 
to  Z14  inches  thick;  occasionally  4  inches.  Flanges  average  \%  to  X%  inches 
deep,  XS/i  inches  thick.  Prices,  delivered  in  New  York:  rough,  5  cts  per  lb; 
bored,  5%  cts.  Standard  Steel  Works,  makers,  Lewistown,  Pa;  office,  220  S  4th 
St,  Phila.  The  inner  diameter  of  the  tire  is  usually  made  T^BW  (or  jfoj  inch  per 
foot)  less  than  diameter  of  the  wheel  center  upon  which  it  is  to  go.  Jjeating  the 
tire  increases  its  inner  diameter  so  that  it  can  be  placed  upon  the  wheel  center. 
Its  contraction,  or  tendency  to  contract,  in  cooling,  binds  it  fast. 

The  treads  are  re-turned  in  a  lathe  as  often  as  from  ^  to  %  *ncn  wears  off  from 
their  thickness. (=>%  to  }4  inch  in  diameter)  and  are  abandoned  when  worn  down 
to  about  \%  inches  thick.  On  passenger  engines,  they  run  about  60000  miles 
between  turnings;  on  freight  engines,  35000. 

♦Built  1886  for  Northern  Pacific  R  R,  Nos  500,501 ;  Extreme  width  10  ft. 
The  original "  Decapod,"  built  by  same  works  in  1884  for  Dom  Pedro  II  R  R,  Brazil 
(6  feet  3  inches  gauge),  and  described  in  our  1886  edition,  was  a  little  lighter.  The 
newer  engine,  above  described,  is  illustrated  iu  Fig.  1,  p.  790. 
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Driving  axle*  are  uf  Iron,  or  of  a  »oftor  «t«l  than  the  lire*.    Tbejare  n 

Poaienger  eoRln™  uiually  carry  ftiel  anal  water  snfnrlFnl  far  40  »i 

50  miles;  some,  60  to  60.    freight  trains,  en<iiiKli  fir  a)  to  ij  mlloi.    Koada,  oi 


PerfonumiM  of  Locomotives. 

following  jive*  the  lOKdn  (eicluntte  or  loco  motile  and  louder)  which  the 

deacrihed  BhIiIwIii  engines  will  imul.nt  tbj-ir  usual  s|.sed,(.ii  a  straight 

different  arraJlt-a  varying  from  a  level  to  3  ft  pet  100  ft,  orl&s.t 

rhe  load*  in  haaed  upon  the  assumption  that  the  so-called  "awHae- 

■     •  i  ■ • in-  •  >■••■  a>l  rtlaitnrr  .»'"  >i- 

di™i!.'  Tlu'"  Jlie'iiJri  i»"»i Mil Jm  leu ""»»?»■  fifth,  oTroore"^!^^ 

-     .  seagirt  on  the  drlwr*. 

The  rnlit*nc«  of  curs  to  motion,  on  a  level  tr 


The  following 


WiriLCvm-ytJiirig 


■  mil,  l.„ 


w  u  6,  or 


>rSM40  IL 


• 

Oi  a  grade  of 

OPT 

MP" 

IP" 

K  H  »P" 

1 

i 

If!     |* 

,.Ppt 

ri™."" 

.„«!■■ 

e-is-D 

1806 

«H 

«»r 

91  ft. 

Loads  in  tons  of  3240  lb*  («x«liiri«e  of  locomotive  and  Under). 

• 

On  a  trade  of 

Okm 

Opar 

«v* 

]«• 

'X    u- 

I  per 

'« •> 

■  p. 

J 

mile. 

ml].. 

mil.. 

""■■ 

■"*■ 

""*■ 

""*■ 

o—l»—0 

"ABfr 

050 

(::|" 

a.- 

1MI 

MO 

880 

236 

iso 

116 
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*o?a  BSSSJT^  o°eK«0"to  ins.  X  stroke  in  ins.      X  g^ ^  g6" 
in  pounds  Diameter  of  driving-wheel  in  inches 

Deduct  20  to  30  per  cent  for  internal  friction,  etc.  Then,  if  the  result  exceeds 
the  "  adhesion,"  the  tractive  power  is  only  equal  to  the  adhesion. 

The  initial  steam  pressure  in  the  cylinders  is  always  less  than  the 
boiler  pressure;  and  the  disproportion  increases  with  the  speed.  Thus,  at  8  or  10 
miles  an  hour,  the  boiler  pressure  may  be  about  110  lbs  per  square  inch;  and  the 
cylinder  pressure  from  90  to  100  lbs,  while  at  a  speed  of  30  or  40  miles,  the  propor- 
tion may  be  as  110  to  60  or  70  lbs.  The  average  cylinder  pressure  is  ascertained  by 
means  of  an  indicator  applied  to  the  cylinder;  and  its  proportion  to  the  initial 
pressure  depends  upon  how  early  in  the  stroke  the  supply  of  steam  from  boiler  to 
cylinder  is  cut  off;  or,  in  other  words,  upon  the  extent  to  which  the  steam  is  used 
expansively. 

The  power  and  speed  of  locomotives,  and  their  consump- 
tion of  fuel  and  water,  vary  greatly  with  circumstances,  such  as  grades  and 
curvature;  condition  of  track  and  rolling  stock;  number  of  cars  in  train:  diam- 
eters, number  and  distance  apart,  of  car  wheels;  manner  of  coupling  the  cars;  skill 
of  locomotive  runner  and  fireman,  Ac,  Ac.  The  following  records  of  actual  perform- 
ance will  serve  as  indications:  * 

Baldwin  engines.  Anthracite  passenger  engine,  class  8—28—0, 
"  American  "  type,  hauls  9  loaded  passenger  cars,  216  tons  besides  weight  of  engine 
and  tender,  52  tons,  up  a  grade  1771  it  long,  averaging  107  ft  per  mile,  at  10  miles 
per  hour.  At  the  foot  of  the  grade  is  a  curve  of  225  ft  radius,  on  which  the  grade 
is  100  ft  per  mile.  A  similar  engine  hauls  4  passenger  cars,  1  parlor  car  and  1  bag- 
gage car,  145  tons,  engine  and  tender,  59  tons,  59  miles  over  a  nearly  level  road,  with 
few  and  easy  curves,  in  1J^  hours.  Boiler  pressure  about  125  lbs  per  square  inch. 
Four  such  runs  consumed  10000  lbs  of  coal.  Bituminous  passenger  en- 
gine, class  8 — 30 — C,  "American"  type,  hauls  4  passenger  cars,  1  sleeper,  and  3 
baggage  and  mail  cars,  150  tons,  engine  and  tender,  61.4  tons,  11.55  miles  in  28  min- 
utes, up  continuous  grades,  mostly  of  about  70  It  per  mile,  and  over  nearly  continu- 
ous reversed  curves  of  from  1°  to  7°.  Freifrht  engines,  class  id— 30— D,  "10 
wheel"  type,  haul  the  following  trains:  with  bituminous  coal,  18  cars,  337  tons, 
engine  and  tender,  65  tons,  up  a  grade  of  79.2  ft  per  mile,  with  a  curve  of  819  ft 
radius,  885  ft  long;  48  cars,  386  tons,  engine  and  tender,  65  tons,  up  a  grade  of  62  ft 
per  mile,  with  4°  curves ;  40  cars,  785  tons,  engine  and  tender,  65  tons,  up  a  grade 
of  21  ft  per  mile,  on  6°  curves.  Freight  engines,  class  8—26 — D,  "Mogul" 
type,  haul  45  cars,  300  tons,  engine  and  tender,  55  tons,  up  grades  of  83  ft  per  mile, 
with  a  2°  curve;  starting  on  the  grade;  boiler  pressure  about  130  lbs;  also,  37  cars, 
185  tons,  engine  and  tender,  55  tons,  up  a  grade  of  85  ft  per  mile,  with  curves  of  9° 
and  10°.  Freight  engines,  class  10— 34— B,  "  Consolidation  n  type,  haul  90 
cars,  about  2000  tons,  engine  and  tender,  68  tons,  45.5  miles  in  4  hours  21  minutes, 
over  a  nearly  level  road  with  easy  curves,  consuming  1.8  to  2.7  lbs  of  bituminous 
coal  per  loaded  car  per  mile ;  also,  with  anthracite  coal, 33  cars,  264  tons,  engine  and 
tender,  68  tons,  up  a  grade  of  96  ft  per  mile,  12  miles  long,  with  many  curves  of  573 
ft  radius,  at  from  10  to  20  miles  per  hour;  also,  with  anthracite,  25  loaded  4- wheel 
coal  cars,  235  tons,  engine  and  tender,  68  tons,  up  a  grade  ot  126  ft  per  mile. 

Central  Pacific  K  R,  1883.  Engines  with  4  drivers,  56  ins  diam,  cylinders 
17  X  24  ins.  Weight  on  drivers,  47550  lbs  =  21.25  tons ;  weight  of  engine  and  ten- 
der, in  working  order,  133000  lbs  =  59.4  tons.  Average  train,  51  freight  cars,  860  tons. 
Maximum  grades,  62  ft  per  mile.  Sharpest  curve,  6°.  Runs  of  84  and  145  miles. 
Total  distance  run,  3000  miles.  Average  speed  about  10  miles  per  hour.  Maximum 
boiler  pressure  125  lbs  per  square  inch.  Bituminous  coal  consumed  73  lbs  per  train 
mile;  or  30.8  train  miles  per  ton  of  coal;  or  11  ton  miles  per  lb  of  coal.  Water 
evaporated  41  gallons  per  mile;  4.71  lbs  per  lb  of  coal. 

On  the  Boston  A  Albany  K  K,  passenger  engines  with  4  drivers 
68%  Ins  diam,  cylinders  18  X  22  ins,  with  6  passenger  cars,  run  between  Boston  and 
8pnngfield,  97  miles,  in  about  4%  hours,  consuming  8000  lbs  coal,  400  lbs  wood  for 
lighting,  and  evaporating  47800  lbs  of  water;  or  say  6  lbs  por  lb  of  coal.  Boiler 
pressure  130  to  150  lbs. 

*  In  the  Baldwin  Works  classification  ("8— 30— C"  etc)  the  first  number  (8, 10  etc) 
is  the  total  number  of  wheels  of  the  loco.  The  second  indicates  arbitrarily  the  diam 
of  the  cyls;  thus.  12  meanB  9  ins;  14, 10;  16,  11;  18,  12;  20, 13;  22, 14;  24,  15;  26, 
16 ;  28,  17 ;  30, 18 ;  32,  19 ;  34,  20;  and  36,  21  ins  diam.  The  letter  (C,  D,  or  E)  indi- 
cates the  number  (4,  6,  or  8,  respectively)  of  driving  wheels.  In  the  **  Service  "  col- 
umn of  opposite  table,  P  means  passenger;  F,  freight;  M,  mixed;  and  S,  switching. 
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Average  of  main  Hue  of  Phila  «fc  Beading  R  R,  1884. 


Trains. 

Average 
speed. 

No. 
of  cars. 

Weight  of  train. 

Coal  consumed. 

Ca»-s. 

L.  &  T. 

Total. 

Kind. 

'  per       |       Per 
train -mile   ton-mile. 

miles 
per  hour. 

tons. 

tons. 

tons. 

lbs. 

lbs. 

33 

8 

157 

66 

223 

A  nth 

68.4 

.31 

20 

40 

835 

72 

907 

Waste 

103.8 

.11 

Coal: 

15 

165 

578 

72 

660 

"■J 

14S 

12 

145 

1320    ;      72           1392 

"Coal  consumed"  includes  amount  used  in  firing  up.  u Ton "=  2240  lbs.  The 
"  waste  "  is  finely  broken  anthracite,  or  **  culm,  *  the  refuse  of  collieries,  Ac, 
burned  on  the  special  grates  designed  for  it  by  Mr.  John  E.  Woo t ten. 

On  the  Phila  k  Reading  R  R,  in  1883,  the  cost  of  fuel  per  freight  train 
mile  was,  for  anthracite,  12.4  cts ;  for  "  culm,"  2.3  eta.  The  fast  passenger  engines 
ran  55  miles  in  76  minutes,  with  15  full  passenger  cars,  consuming  53  lbs  culm  per 
minute  =  73  ibs  per  mile,  and  evaporating  55  gallons  of  water  per  minute  =  76  gal- 
lons per  mile. 

The  average  consumption  of  bituminous  coal  by  passenger 
engines,  on  9  roads,  in  1882,  was  52.44  lbs  per  mile  run  ;  greatest,  67 ;  least,  34. 

Wood  fuel.  A  ton  (2240  lbs)  of  good  anthracite  or  bituminous  coal  is  about 
equal  to  1%  cords  of  good  dry,  hard,  mixed  woods  (chiefly  white  oak);  or  to  2  cords 
of  such  soft  ones  as  hemlock,  white,  and  common  yellow  pine.  Much  of  the  inferior 
bituminous  coal  of  Illinois  is  hardly  equal  (per  ton)  to  a  cord  of  average  wood. 

A  cord  is  4  X  4  X  8  ft,  or  128  cub  ft.  A  cord  of  good  dry,  white  oak,  (next  to  hick- 
ory, the  best  wood  for  fuel,)  weighs  3500  lbs  or  1.563  tons.  Dry  hemlock,  white,  or 
common  yellow  pine,  (all  of  them  inferior  for  fuel,)  about  .9  ton.  Perfectly  green 
woods  generally  weigh  about  £  to  %  more  than  when  partially  dried  for  locomotive 
use ;  in  other  words,,  a  cord  of  wood,  in  its  partial  drying,  loses  from  }£  to  %  ton  of 
water,  and  s'till  contains  a  large  quantity  of  it.  Since  this  water  causes  a  great 
waste  of  heat,  green  wood  should  never  be  used  as  fuel.  The  values  of  woods  as  fuel 
are  in  nearly  the  same  proportion  as  their  weights  per  cord  when  perfectly  dry. 

The  run  of  freight  and  passenger  trains  throughout  the  IT 
States  is  20  to  40  miles  per  cord,  and  30  to  60  miles  per  ton ;  or  say  40  to  80  pounds 
of  coal  per  mile ;  but  very  heavy  freight  trains  will  burn  from  100  to  200  pounds 
or  more  of  coal  per  mile ;  =  22.4  to  11.2  miles  per  ton.  Much  depends  upon 
the  adaptation  of  the  engine  to  the  kind  of  fuel  used.  A  good  coal-burner  may  be  bad 
for  wood,  and  vice  versa ;  so  that  trials  with  the  same  engine  may  give  very  erroneous 
results  as  to  the  comparative  merits  of  the  two  kinds  of  fuel.  When  wood  is  used,  about 
.2  cord ;  or  when  coal,  about  %  cord  of  wood,  must  be  used  for  kindling,  and  getting 
up  steam  ready  for  running;  and  this  item  is  the  same  for  a  long  run  as  for  a  short 
one;  so  that  long  roads  have  in  this  respect  an  advantage  over  short  ones,  in  econ- 
omy of  fuel.  Wood  has  the  disadvantage  of  emitting  more  sparks ;  and  is,  moreover, 
nearly  twice  as  heavy  as  coal,  for  the  performance  of  equal  duty ;  and  is.  therefore, 
more  expensive  to  handle.    It  also  occupies  4  or  5  times  as  much  space  as  coal. 

Up  grades  greatly  increase  the  consumption  of  fuel.  Thus,  ou  a  road  95  miles 
long,  with  grades  mostly  of  less  than  6  ft  per  mile,  and  with  very  few  exceeding  14 
ft  per  mile,  with  coal  trains  of  734  tons  descending,  and  291  tons  (empty) ascending, 
at  about  10  miles  per  hour  each  way,  the  coal  consumption  per  100  miles  for  each 
ton  of  total  train  (including  engine  and  tender)  was  14.5  lbs  descending,  and  36.6  lbf 
ascending. 

On  first-class  roads  a  passenger  engine  will  average  about  354HM 
miles  per  year,  or  say  100  miles  per  day ;  a  freight  engine  25000  miles  per  year 
or  say  70  miles  per  day. 

.Locomotive  expenses  per  100  miles  run,  will  average  about  as  follows: 

Passenger.        Freight. 

Fuel 3.00  6.00 

Water 1.00  2.00 

Oil,  waste,  &e 70  .90 

Repairs 4.00  8.00 

Engineer  and  fireman 6.00  6  00 

Putting  away,  cleaning,  and  getting  out      1.50  2.00 

Locomotive  superintendence 30  .50 

$15.50  |25.40 
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Tin's  is  all  that  is  usually  stated  in  annual  reports  of  expenditures ;  but  inasmuch 
as  an  engine  in  active  service,  even  under  a  judicious  system  of  repairs,  generally 
becomes  worthless,  (except  as  old  iron,)  in  say  16  years  on  an  average,  an  additional 
allowance  of  about  6  per  ct  on  the  first  cost,  or  about  $500  to  $800  =  say  $2  per  100 
miles,  should  be  made  annually  tor  depreciation  of  each  engine* 
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Usual  dimensions 


»ns.  weights,  and  capacities.    Approx  prices 
in  1886.    For  4  ft  8%  In  gauge. 


Passenger 

Parlor 

Sleeper 

Baggage,  mail,  and 

express 

Box  and  cattle 

Gondola 

Platform 

Coal,  8  wheels 

"    4  wheels 

Dump 


Lea«tk 

of  body. 

ft. 


44  to  52* 

60  to  66* 

<•      * 


Wldtk. 

ft. 


9X  to  10 
93*  toll 


46  to  55* 

28  to  36ii  8 

8 
« 


22  to  36 
12  to  16 
14 


8 
6 


m 

to9K 

to  9 
to  9 
to  8 
8 


Helffkt 

above  rail. 

ft. 


14 

4< 
4< 


11     to  1ST 

6  t<>    7«J 
3«to    4Xt 

7  to    8MJ 
6Jito   7    I 

6H 


Welffkt, 

eiuptj. 

lbs. 


40000  to  50000 
50000  to  60000 
60000  to  72000 


40000 
20000 
16000 
14000 
18000 
5600 


to  50000 
to  28000 
to  22000 
to  19000 
to  22000 
to   9600 


9000 


Nominal  ca- 
pacity,  in 

passengers,  or 
lbs. 


50  to  60 
30  to  40 
24  to  50 


40000  to  50000 

14 

30000  to  40000 

35000  to  50000 

11000  to  20000 

18000 


Approx  eosi, 
1886. 

$ 

4000  to   6000 

8000  to  12000 

10000  to  15000 

2000  to 
400  to 
300  to 

4000 
550 
450 

400  to 

200  to 

100 

450 
250 

•  Add  6  ft  in  all  for  the  two  platforms.    These  are  usually  from  3  ft  6  ins  to  4  ft  above  the  rails 
t  Add  from  1  to  2  ft  for  projecting  brake  rod  and  handle. 
J  Add  about  1  ft  for  projecting  brake  rod  and  handle. 

On  narrow  gauge  (3  ft  and  3%  ft)  roads,  there  is  but  little  uniformity  in 
car  building.  The  dimensions  and  capacities  of  the  cars  are  now  not  much  less  than 
those  of  corresponding  cars  for  standard  (4  ft  8}£  ins)  gauge ;  while  the  weights  and 
costs  are  usually  from  15  to  20  per  cent  less.  The  following  are  about  the  averages: 
Passenger.  45  ft  long,  8U  ft  wide,  $3000.  Parlor,  45  ft  long,  8^  ft  wide,  $9000, 
Baggage,  Ac,  35  ft  long,  8%  ft  wide,  $1800.  Freight  and  coal,  24  to  30  ft  long,  7  to 
8U  ft  wide,  $200  to  $400. 

f>  intensions,  «fce,  of  iron-frame  cars,  built  by  the  United  States  Tube 
Rolling  Stock  Go;  office,  No  3  Broad  St,  New  York.  _ 


Depth 

of  body. 
ft. 


Welffkt, 

empty, 
lbs. 


Nominal 
capacity. 

16a. 


For  4  ft  8^  ins  gauge. 


Box  aod  eattle. 

Gondola 

Platform 

Coal,  8  wheels. 

Box  and  cattle 

Gondola. 

Platform...,.*. 
Coal,  8  wheels. 


33« 

34  to  34X 

34 


8« 

7X  to8« 

8 

8 


6J* 


28 

1 

6 

>< 

t< 

2 

«• 

41 

•< 

44 

2 

m 

For  %  ft  gange. 

18000 

10500 

9500 

10400 


21500        1  60000 

16000  to  1 9000 1 50000  to  60000 

14000  60000 

18900        I  60000 


40000 


Cost. 


For  data  respecting  cars,  Ac,  we  are  Indebted  to  Jackson  &  Sharp  Co  and  Dure  &  Co,  Wilmington, 
Del ;  Allison  Mfg  Co,  makers  of  cars  and  dealers  in  wheels  and  axles,  Phila;  Harrisburg  (Pa)  Car 
Mfg  Co ;  Erie  (Pa)  Car  Works,  Lim ;  Youngstown  (O)  Car  Mfg  Co ;  Michigan  Car  Co,  Detroit;  Mid. 
dletown  (Pa)  Car  Works  ;  J  G  Brill  k  Co,  Phila.;  Gilbert  Car  Mfg  Co,  Troy,  N  Y. 

Tbe  average  life  of  a  passenger  car  is  about  16  years.  Average  annual 
repairs?  including  painting,  $300  to  $700;  for  mail  and  express  cars,  $150  to  $300; 
freight  cars,  $75  to  $15 ) ;  4-wheel  coal  cars,  $20  to  $30.  On  the  Phila  k  Reading,  in 
1883.  repairs  were  as  follows:  passenger  cars, $0,156  per  100  passenger-miles;  freight 
cars,  $0,133  per  100  ton-miles;  coal  cars,  $0,078  per  100  ton-miles. 

Allowing  125  lbs  per  passenger,  a  full  car-load  of  passengers  (50  to  60  in  number) 
would  weigh  but  from  6250  to  7500  lbs,  or  say  3  tons ;  while  the  cars  themselves 
weigh  say  20  tons,  or  nearly  7  tons  of  dead  load  to  1  paying  ton  of 
passengers.  But,  as  a  general  rule,  passenger  trains  are  not  more  than  half- 
filled  ;  thus  making  the  proportion  about  13  to  1.    The  foregoing  table  shows  that 
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when  freight  enn  are  loaded  to  their  nominal  capacity,  there  is  but  about  1*2 
ton  of  dead  load  per  ton  of  paying*  load  ;  or,  with  cars  half  loaded, 
ltol. 

From  the  table,  p  814,  it  will  be  seen  that  the  average  cost,  in  the  United  States, 
of  moviug  a  passenger  one  mile  is  2^  times  that  of  moving  a  ton  of  freight  one 
mile,  while  the  receipts  per  passenger-mile  are  not  quite  doable  those  per  freight- 
ton-mile. 

The  resistance  of  ears  to  motion,  on  a  level  track,  and  with  cars  and 
track  in  fair  order,  is  usually  taken  at  about  from  6  to  8  lbs  per  ton  of  2240  lbs. 
With  everything  in  perfect  order,  it  may  fall  as  low  as  5,  or  even  4,  lbs  per  ton. 
On  the  other  hand,  if  the  wheels  are  not  truly  round,  and  if  the  journals  are  not 
well  lubricated,  it  may  greatly  exceed  10  or  12  lbs.    See  p  374*. 

The  wheels  for  passenger  and  freight  ears  are  usually  about  30 
to  33  ins  diam ;  and  those  of  coal  cars  26  to  28.  The  cast-iron  wheels  made  by  Messrs 
A.  Whitney  &  Sons,  of  Philada,  weigh  as  follows,  per  single  wheel.    Cone,  1  in  32: 


Usual  Gansre. 

Harrow  Gauge. 

Diameter 
of 

WheeU. 

Single  Plate. 

Double  Plate. 

Single  Plate. 

Doable  Plate. 

4  In 
Tread. 

4*  In 
Tread. 

4  in 
Tread. 

Win 
Tread. 

Win 
Tread. 

s«ln 
Tread. 

SXin 
Tread. 

3*  in 
Tread. 

20  in- 

to 
260 

fee 
270 

860) 
870/ 

880) 
395/ 

425) 
460f 

470) 
510/ 

640) 
575/ 

640 

Be 

fee 

as 

(200 

1250 

245 

(265 

<320 
(330 
(285 

-(335 
(.350 
(820 

-{365 
(400 
(406 

1445 

to 

205) 

255/ 

266 

275) 

330V 

340) 

300) 

350  V 

360) 

335) 

880V 

415) 

425  i 

466/ 

lbs 

as 

22  in- 

28  in » 

S3iu- 

(345 
\355 

/360 
\375 

(406 
\440 

(445 
\485 

(610 
\545 

585 
686 

366 
380 

440 

480 

(525 
^546 
(560 

380 
400 

460 

606 

655) 

575}- 
590  j 

340 

345 

380 
460 

350 

360 

996 
470 

36  in- 

88  in- 

The  weights  by  other  makers  do  not  differ  from  these  materially. 

The  diam  of  car  or  engine  wheels  does  not  include  the  flanges ;  but  is  the 
least  diam  from  tread  to  tread. 

Price  of  cast  chilled  wheels,  in  Phila,  in  1888,  about    2  cts  per  lb.  • 

Good  chilled  east  wheels,  33  ins  diam,  will  run  about  60,000 
miles ;  usually  about  40,000 ;  rarely  60,000  or  much  higher.  42-inch  wheels  (rarely 
used)  average  about  one-third  higher.  On  first-class  roads  about  1  to  1}£  per  cent 
of  all  the  car-wheels  are  cracked  or  broken  aiinuarjy. 

In  the  steel-tired  "paper  ear-wheels"  of  the  Allen  Paper  Oar- Wheel  Co, 
office  240  Broadway,  New  York,  the  hub  is  of  cast-iron  or  steel;  the  "center,"  or 
main  body  of  the  wheel,  of  compressed  straw-board  confined  between  two  circular 
plates  of  rolled  iron ;  and  the  tire  is  of  rolled  steel.  The  bolts,  which  confine  the 
iron  plates  to  the  paper  center,  pass  also  through  flanges  on  the  outside  of  the  hob 
and  the  inside  of  the  tire.  To  secure  elasticity,  the  bolt-holes  in  the  flange  of  the 
tire  are  slightly  elongated,  and  the  circular  iron  plates  are  made  of  a  little  less  diam 
than  the  inside  of  the  tire,  so  that  the  plates  and  tire  do  not  come  into  contact,  but 
the  weight  of  car  and  load  is  transferred  from  the  hubs  to  the  tires  through  the 
paper  centers  only.  These  wheels  are  now  largely  need  on  passenger,  parlor,  and 
sleeping  cars,  and  on  the  trucks  of  locomotives.    The  principal  sins  for  4  ft  8J^  is 


CARS.  813 

gauge  are  33  incb  and  42  inch ;  treads,  for  either  diam,  3%  and  4Vf  ins.  A  42-inch 
paper  wheel  eosts,  1888,  from  $73  to  580,  according  to  width  of  tread ;  and 
weighs  1085  ft*;  of  which  166  ft*  are  paper;  550  ftw  tire;  160  ftw  side-plates;  180 
lbs  hub;  and  30  lbs  bolts.  The  steel  tires  on  42-inch  wheels  run  about  100,000  miles 
between  turnings,  and  about  400,000  miles  before  having  to  be  abandoned.  A  new 
tire  is  then  placed  upon  the  old  center,  at  a  cost  of  about  $55.  Allowance  must  be 
made  for  the  fact  that  these  wheels  are  generally  under  sleeping  or  parlor  cars  or 
first-class  passenger  cars,  on  through  trains  which  make  few  stops;  aud  that  they 
are  therefore  subjected  to  less  of  the  destructive  action  of  the  brakes  than  are  com* 
mon  wheels.  Besides,  the  great  majority  of  the  latter  are  used  under  freight  cars, 
where  they  have  rough  usage,  due  to  the  inferior  character  of  the  springs  on  such 
cars,  Ac.  The  average  cost  of  turning  steel-tired  wheels  is  about  81  to  $1.25  per 
annum  per  pair.  Axles  are  said  to  run  several  times  longer  with  paper  wheels  than 
with  cast-iron  ones. 

Wheels  of  cast-  and  of  wrought-iron  with  steel-tires  are  being  largely  used  ex- 
perimentally under  high-class  cars.  They  run  longer  than  chilled  cast-iron  wheels, 
but  are  more  costly. 

Axle*.  Standard  dimensions  adopted  by  the  Master  Car  Builders1  and 
Master  Mechanics'  Associations  in  1879:  Ijenipth,  total.  6  ft  11  ^  ins  j  between 
hubs,  4  ft  0%  in ;  each  wheel-seat,  7  ins ;  each  Journal,  7  ins.  Diam,  at  middle, 
3%  ins ;  at  hubs,  4%  ins ;  at  journals,  3%  ins.  Weight,  finished,  347  lbs  per 
axle.  The  diam  at  middle  was  increased  to  4\£  ins  by  the  Master  Car  Builders1 
Association  in  1884.    This  change  of  course  increased  the  weifffht  slightly. 

Cost  of  hammered  iron  axles,  about  2%  cts.  per  ft). ;  haminered  steel  axles,  about 
3cts.  per  ft).  (1888) 

For  Standard  Railway  Time,  see  p.  396. 

To  estimate  ro  fifthly  the  speed  of  a  train  in  which  one  is  riding; 

if,  as  usual,  the  rails  are  30  feet  long.    By  means  of  the  sound  of  the  trucks  in 

passing  the  joints,  count  the  number  of  rail-lengths  passed  in  20  seconds.    This 

number  is  a  very  little  less  than  the  speed  of  the  train  in  miles  per  hour. 

For,  let  n  =  the  number  of  30-foot  rail-lengths  passed  over  in  20  seconds.  Then : 

u            3n  X  60  X  30      ,  „_ 
speed  in  miles  per  hour  = r^ —  1.028  n. 
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Art*  1.     In  the  following,  most  of  the  figures  for  1880  are  based  upon  the  U.  8. 
Census  for  that  year ;  those  for  1884,  upon  Poor's  Manual. 

1ST  THE  UNITED  STATES. 


Plant. 


Miles  built  in  one  year 

•  (In  1881,  9789;  in  1882, 11596.) 

Miles  In  operation 

Gauge,  Percentage  of  all,  1880. 

3  ft 5 

4  ft  8^  ins 66 , 

4  ft  9  ins 11 

5  ft  (Southern  gauge] 11 

Cost  Of  road,  exclusive  of  rolling  stock, 

per  mile,  in  dollars 

total,  in  millions  of  dollars 

Rolling  Stock  in  operation. 

Number  of  locomotives 

passenger  cars 

baggage,  mail,  and  express  cars , 

"     freight  cars 

"     othnr       "  

Cost  of  rolling  stock, 

per  mile  of  road,  in  dollars 

total,  in  millions  of  dollars , 

Cost  of  road  and  equipment, 

per  mile,  in  dollars 

total,  in  millions  of  dollars 


M 


«( 

«( 
U 


Operation. 

For  one  year. 

Passengers  carried  one  mile,  per  mile  of  road. 

Tons  of  freight  carried  one  mile,  per  mile  of  road. 
Oross  earnings, 

per  mile  of  road,  from  passengers,    dollars , 

14     freight "      , 

"  "  "     mails,  Ac 

"  "  total 

per  passenger-mile, from  passengers, 

*4    ton-mile,  from  freight •*      , 

passenger  earnings  ■—  total  earnings 

freight  "         -«-         "  

mail,  Ac,         u        -f-         "  

gross  earnings  -s-^total  investment 

Expenses.    (For  details,  see  Art  3.) 

per  mile  of  road dollars. 

cost  of  moving  freight,  per  ton-mile **     . 

(Penna  R  R,  1883,  $.0056.) 
cost  of  moving  passengers,  per  passenger-mile..     " 
(Penna  R  R,  1883,  $.0163.) 

expenses  -j-  gross  earnings 

Net  earnings. 

Net  earnings  -j-  total  investment 


1880. 


7174 

87801 

5191 
71403 
12335 
12282 

46800 
4112 


1884. 


3977 
125152 


17412 

12330 

4475 

375312 

80138 

24587 

17993 

6911 

798399 

4761 

418 

61561 
4530 

55330 
6925 

65392 

70143 

368514 

357367 

1641 

1653 

4740 

4018 

230 

429 

6611 

6100 

.0251 

.0236 

.0129 

.0112 

.2483 

.2709 

.7169 

.6588 

.0348 

.0703 

.1136 

.1102 

4019 

3970 

.0076 

0171 

.6078 

.6508 

.0504 

.0885 
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Art.  2.    UNITED  STATES  BY  DIVISIONS,  1884. 


Eastern 
States. 

Middle 
States. 

Southern 
States. 

Western 
States. 

Pacific 
States. 

Total, 
U.S. 

Plant. 

Coat  of  road  and  equipment 

6405 
52166 

18256 
92306 

19826 
42338 

72704 
48418 

7961 
68549 

125152 
55330 

Operation. 

For  one  year. 

Gross  earnings  per  mile,  $.. 
Expenses-^Gross  earnings. 

9142 

6564 

.718 

12177 
7951 
.653 

3524 

2322 

.659 

5199 
3339 
.642 

4348 
2615 
.601 

6100 
3970 
.651 

Art.  3.    Items  of  total  annual  expenses  for  maintenance  and  opera- 
tion of  all  the  railroads  of  the  United  States  iu  1S80. 


Repairs  of  road-bed  and  track 

Renewals  of  rails  (total  $17243950) 

"  "  ties  (total  $10741577) 

Repairs  of  bridges 

"        u  buildings 

M        •*  fences,  crossiugs,  &c 

Telegraph  expenses 

Taxes 

Maintenance  of  road  and  real  estate 

Repairs,  &c,  of  locomotives 

"  "       passenger,  baggage,  and  mail  cars 

*•  "       freight  cars 

Re|tairs,  &c,  of  rolling  stock < 

(Including  renewals  and  additions.) 

Passenger  train  expenses - 

freight    u        "       

Fuel  for  locomotives 

Water  supply,  oil,  and  waste 

Wages  of  locomotive  runners  and  firemen 

Agents  and  station  service  and  supplies ,... 

Salaries  of  officers  and  clerks 

Advertising,  insurance,  legal  expenses,  stationery,  and 

printing 

Damages  to  persons  and  property 

Sundries 

Running  and  general  expenses 

Aggregate  annual  expenses 


$per 

mile 

of  road. 

per  oent 
or  total. 

451 

197 

122 

102 

87 

17 

41 

152 

11.23 
4.89 
3.04 
2.55 
2.17 
.42 
1.01 
3.77 

1169 

29.08 

249 
120 
257 

6.19 
2.99 
6.40 

626 

15.58 

137 
330 
374 
70 
310 
451 
139 

123 

40 

250 

3.41 
8.21 
9.31 
1.74 
7.72 
11.23 
3.46 

3.06 

.98 

6.22 

2224 

55.34 

4019 

100.00 

per  cent 
of  earn- 
ings. 


6.82 
2.97 
1.85 
1.55 
1.32 
.26 
.R2 
2.29 


17.67 


3.76 
1.82 
3.89 

9.47 


2.07 
4.99 
5.66 
1.06 
4.69 
6.82 
2.10 

1.87 

.60 

8.78 

33.64 


60.78 


Each  of  these  items  is,  however,  subject  to  great  variation,  not  only  on  diff  roads, 
but  on  the  same  road,  from  year  to  year.   A  road  with  many  bridges,  deep  cuts,  high 
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embkts,  &c,  to  keep  in  repair,  will  have  heavier  maintenance  of  way  tliau  one  which 
lias  bnt  few ;  and  this  item  may  be  but  small  one  year,  and  twice  as  great  the  next. 
Fuel  may  be  cheap  on  one  road,  and  dear  on  another;  thus  materially  affecting  the 
item  of  motive  power.  And  so  with  the  other  items.  Sometimes  maintenance  of 
way  exceeds  motive  power  and  cars  together;  at  others,  conducting  transportation 
is  fully  half  the  total  expense. 

The  total  annual  expenses  on  railroads  in  the  United  States 
usually  range  between  65  an  dl  30  cents  ]>er  train  mile;  that  is,  per  mile  actually 
run  by  trains.  Also,  between  I  and  2  cents  per  ton  of  freight,  and  per  passenger, 
carried  one  mile.  When  a  road  does  a  very  large  business,  and  of  such  a  character 
that  the  trains  may  be  heavy,  and  the  cars  full,  (as  in  coal-carrying  roads,)  the  ex- 
pense per  train  mile  becomes  large;  but  that  per  ton  or  passenger  small ;  and  vice 
versa,  although  on  coal  roads  half  the  train  miles  are  with  empty  cars. 

Art.  4.  Gross  annual  earnings  per  mile,  per  passenger 
in  lie,  and  per  ton  mile,  of  some  of  the  principal  IT  H  rail- 
roads in  1880. 


Pennsylvania  R  R 

New  York  Central  &  Hudson  River. 

Baltimore  k  Ohio 

Central  Pacific 

Chicago,  Burlington,  &  Qtiincy 

Philadelphia  k  Reading 

Union  Pacific 

Wabash,  St  Louis,  k  Pacifie 

Atchison,  Topeka,  k  Santa  Fe 

Average  of  United  States...; 


Length 

From 
passrs  per 

From 
passnt  per 

Prom  frt 
per  mije 
of  road. 

miles. 

mile  of 
road. 

paaur 
mile. 

1806 

$4700 

$.0242 

$15615 

994 

6651 

.0200 

21794 

1487 

1812 

.0206 

10310 

2447 

2237 

.0303 

4577 

1805 

1632 

.0240 

7202 

780 

3429 

.0201 

17200 

1215 

2624 

.0320 

7154 

1730 

1220 

.0271 

4382 

1398 

1144 

.0606 

3974 

87801 

1641 

.0251 

4740 

From  fit 
per  toa 

mile. 


$.0069 
.0086 
.0089 
.0249 
.0111 
.0161 
.0199 
.0080 
.0209 
.0129 


Art.  5.   Annual  earnings  and  expenses  of  some  of  the  prii 
cipal  railroads  of  the  United  States  in  1880. 


Pennsylvania  RR 

New  York  Central  k  Hudson  River. 

Baltimore  &  Ohio 

Central  Pacific •■ 

Chicago,  Burlington,  &  Quiucy 

Philadelphia  k  Reading 

Union  Pacific 

Wabash,  St  Louis,  &  Pacific... 

Atchison,  Topeka,  k  Santa  Fe 

Total,  United  States 


Length 
miles. 

Gross 
earnings 
per  mile 
of  road. 

Expenses 
per  mile 
of  road. 

1806 

$20,315 

$12,267 

994 

28,445 

17,969 

1487 

12,122 

7,035 

2447 

6,814 

3,340 

1806 

8.734 

4,454 

780 

20,629 

11,764 

1215 

9,778 

4,697 

1730 

5,602 

3,942 

1398 

5.118 

2,408 

87801 

6,611 

4,019 

earnings. 

.586 
.609 
.671 
.470 
.497 
.668 
.426 
.678 
.468 
.606 


The  following  table  of  expenses  in  past  years  will  serve  for  comparison  with  the 
above. 
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Table  of  Annual  Expenses  of  some  17  S  Railroads.* 


Names  of  Companies. 


u 

« 

<l 

t( 

l« 

M 

It 

U 

(t 

U 

Lehigh  Valley,  1860 

44  "        1862 

"  "        1868  and  1869 about... 

44  "        1872     

Baltimore  k  Ohio,  main  stem,  1859 

"  "  "        ««     ]860 

«  «  "        "     1865 

"  "  "        "     1866 

44  "  "        «     1872 

East  Tennessee  k  Georgia,  1872 

Memphis  k  Charleston,  1860 

Georgia  Central,  1872 

Penna  Central,  main  line  from  Phila  to  Pittsburg,  358  miles, 

1859,  exclusive  of  State  tonnage  tax 

1860,  «*  "  "  "    

1861,  "  "  "  •«    

1868,  tonnage  tax  repealed 

1869,  «        "         »•        about... 

1872,        4<        "         »         

Phila  &  Reading,  1859 

lotJU 

"  u         1868,  865  miles  of  main  road  and  branches... 

"  "         1869  

"  1872 

North  Pennsylvania,  1860,  54  miles  long 

44  1862. 

44  1867 

44  "  1868 

44  "  1872 

Connecticut;  average  of  all  the  railroads,  1861 

Massachusetts;    «*         "        a         "  1861 


Per 

Mile  of 

Road. 

S 


4434 
4254 


M 


averages  of  19  years  previous 


.average. 


1867  

Galena  k  Chicago,  1859 

44  44        1860  

Phila,  Wilmington  k  Baltimore,  main  stem,  1859 

%4  44  *«  •«        "      1860 

44  "  «  «        u      186l 

44  "  "  "        "      1867 

New  York ;  all  the  R  R  in  the  State,  average,t  1859 

a  «  «<        it  (i  <«  1861 

««  «  «        u  tc  »c  1867 

New  Jersey  R  R  and  Transportation,  1861 

Louisville  &  Nashville,  1861 

Phila  k  West  Chester,  1861,  27  miles 

44  "  1862 

44  "  1872 

Phila,  Germantown  k  Norristown,  1861,  20  miles 

44  '4  "  1862 

"  ««  1867 

New  York  k  Brie,  1861 , 

"  "  1867,  with  its  branches,  784  miles  in  all.. 
New  York  Central,  1861 

'*  u        1867,  with  its  branches,  696  miles  in  all 

Knglish  R  R,  averages  for  1856-7-8   

Scotch      "  "  "       "    44  « .. 

Xrish         44  **  **       44    "  " 


{ 


2617 
4180 


32000 


17200 


3213 
3240 
9534 


3102 

4586 

7100 

7785 

17380 

4964 

5100 

13856 

12213 


2274 
2282 
7030 
6405 
6405 

18208 
6461 

14545 
8360 

15620 


Per 

Train 
Mile, 
eta. 


103 

178 


7848       87 


89^ 
105 


•■••«••■ 


187 
106 


59 


177 


50 


•  Annual  report*  often  omit  toe  lengths  of  the  roads  and  branches ;  and  as  these  frequently  vary 


••/••r  U»  year,  ilia  possible  that  the  table  may  contain  some  errors  in  the  first  column. 
fS&K  miles  in  operation.    Total  exps  equalled  1.56  cts  per  passenger  or  ton  carried  1  mile. 
"  ears,  equal  to  1.19  tons  per  passenger;  and  to  1.74  tons  per  ton  of  freight. 
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THE  GREEK  ALPHABET. 

This  alphabet  is  inserted  for  the  benefit,  of  those  who  have  occasion  to  consult 
scientific  works  in  which  Greek  letters  are  used,  and  who  find  it  inconvenient 
to  memorize  the  letters. 


Greek  letters. 

Name. 

Approximate 
equivalent. 

Commonly  used  to  designate 

Capital. 

Small. 

Alpha 

A 

a 

a 

Angles,  Coefficients. 

B 

0 

Beta 

b 

it               « 

r 

V 

Gamma 

g 

"                "     Specific  gravity. 

A 

* 

Delta 

d 

"                "     Density,  Variation. 

E 

c 

Epsilon 

e  (short) 

/Base  of  hyperbolic  logarithms  = 
1     2.7182818. 
1  Eccentricity  in  conic  sections. 

z 

H 

< 

Zeta 
Eta 

z 
e  (long) 

Co-ordinates.  Coefficients. 

U                                 (( 

e 

0* 

Theta 

th 

Angles. 

i 

i 

Iota 

i 

K 

K 

Kappa 

k 

A 

A 

Lambda 

1 

Angles,  Coefficients,  Latitude. 

M 

M 

Mu 

m 

u                 tt 

N 

V 

Nu 

n 

«t 

H 

t 

Xi 

X 

Co-ordinates. 

O 

o 

Oinicron 

o  (short) 

n 

IT 

Pi 

P 

Circumference  -5-  radius.* 

p 

P 

Rho 

r 

Radius,  Ratio. 

2 

«T$ 

Sigma 

& 

Distance  (space).f 

T 

T 

Tau 

t 

Temperature,  Time. 

Y 

V 

Upsilon 

u  or  y 

* 

* 

Phi 

ph 

Angles,  Coefficients. 

X 

X 

Chi 

ch 

* 

* 

Psi 

ps 

Angles. 

o 

<d 

Omega 

o  (long) 

Angular  velocities. 

*  The  small  letter  n  (pi)  is  universally  employed  to  designate  the  number  of 
times  (=  3.14159265  . . .)  the  diameter  of  a  circle  is  contained  in  the  circum- 
ference, or  the  radius  in  the  semi  circumference.  In  the  circular  measure  of 
angles,  an  angle  is  designated  by  the  number  of  times  the  radius  of  any  circle  is 
contained  in  an  arc  of  the  same  circle  subtending  that  angle,  n  then  stands  for 
an  angle  of  180°  (=  two  right  angles),  because,  in  any  circle,  n  X  radius  =  the 
semi-circumference. 

The  capital  letter  n  (pi)  is  used  by  some  mathematical  writers  to  indicate  the 
product  obtained  by  multiplying  together  the  numbers  1,  2,  3,  4,  5  . . .  etc.,  up  to 
any  given  point.    Thus,  II 4  =  1  X  2  X  3  X  4  =  24. 

f  The  capital  letter  2  (sigma)  is  used  to  designate  a  mm.  Thus,  in  a  system 
of  parallel  forces,  if  we  call  each  of  the  forces  (irrespective  of  their  amounts)  F, 
then  their  resultant,  which  is  equal  to  the  (algebraic)  sum  of  the  forces,  may  be 
written  R  =  S  F. 
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Abacus;  the  flat  square  member  od  top  of  a  column. 

Absciss  or  abscissa;  any  portion  of  the  axis  of  a  curve,  from  tbe  vertex  to  any  point  from  which 
a  Hue  leaves  the  axis  at  right  angles,  and  extends  to  meet  the  curve  itself;  said  line  being  called  an 
vrdinnte.    An  absciss  and  ordinate  together  are  called  co-ordinates. 

Acclivity  ;  an  upward  slope,  or  ascent  of  ground,  4c. 

Adit ;  a  horizontal  passage  into  a  mine,  Ac. 

Adze;  a  well-known  curved  cutting  instrument,  for  dressing  or  chipping  horizontal  surfaces. 

Alternating  motion;  up  and  down,  or  backward  and  forward,  instead  of  revolving,  Ac. 

Angle-bead,  or  plaster  bead:  a  bead  nailed  to  projecting  angles  in  rooms,  to  protect  the  plaster  on 
their  edges  from  injury. 

Angle- block;  a  triangular  block  against  which  the  ends  of  the  braces  and  counters  abut  in  a  Howe 
bridge. 

Angular  velocity.    See  p  365. 

Anneal;  to  toughen  some  of  tbe  metals,  glass,  Ac,  by  first  heating  them,  and  then  causing  them  to 
eool  very  slowly.    This  process  however  lessens  tbe  tensile  strength. 

Anticlinal  axis;  in  geology ;  a  line  from  which  the  strata  of  rocks  slope  away  downward  in.oppo- 
site  directions,  like  the  slates  on  the  roof  of  a  house ;  the  ridge  of  the  roof  representing  the  axis. 

Apex;  a  point  in  either  chord  of  a  truss,  where  two  web  members  meet. 

Apron;  a  covering  of  timber,  stone,  or  metal,  to  protect  a  surface  against  the  action  of  water  flow* 
ing  over  it.    Has  many  other  meanings. 

Arbor.    See  Journal. 

Architrave ;  that  part  of  an  entablature  which  is  next  above  the  columns.  Applies  also  when  there 
are  no  columns.  Also,  the  mouldings  around  the  sides  and  tops  of  doors  and  windows,  attached  to 
either  the  inner  or  outer  face  of  the  wall. 

Arris;  a  sharp  edge  formed  by  any  two  surfaces  which  meet  at  an  angle.  The  edges  of  a  brick  are 
arrises. 

Ashler;  a  facing  of  cnt  stone,  applied  to  a  backing  of  rubble  or  rough  masonry,  or  brickwork. 

Astragal;  a  small  moulding,  about  serai-circular  or  senii-elliptic,  and  either  plain  or  ornamented  by 
carving. 

Axis;  an  imaginary  line  passing  through  a  body,  which  may  be  supposed  to  revolve  around  it;  as 
the  diani  of  a  sphere.  Any  piece  that  passes  through  and  supports  a  body  which  revolves ;  iu  which 
case  it  is  called  an  axle,  or  shaft. 

Axle-box.    See  Journal-box. 

Axletree;  an  axle  which  remains  fixed  while  the  wheel  revolves  around  it,  as  in  wagons,  Ac. 

Azimuth.  The  azimuth  of  a  body  is  that  arc  of  the  horizon  that  is  included  between  the  meridian 
circle  at  the  given  place,  and  another  great  circle  passing  through  the  body. 

Backing;  the  rough  masonry  of  a  wall  faced  with  finer  work.  Earth  deposited  behind  a  retaining- 
wall,  Ac. 

Balance-beams;  the  long  top  beams  of  lock-gates,  by  which  they  are  pushed  open  or  shut. 

Balk;  a  large  beam  of  timber. 

Ballast;  broken  stone,  sand  or  grave!,  Ac,  on  which  railroad  cross-ties  are  laid. 

Ball-cock;  a  cistern  valve  at  one  end  of  a  lever,  at  the  other  end  of  which  is  a  floating  ball.  The 
ball  rises  and  falls  with  the  water  in  the  cistern ;  and  thus  opens  or  shuts  the  valve. 

Ball-valve.    See  Valve. 

Bargeboards  ;  boards  nailed  against  the  outer  face  of  a  wall,  along  tbe  slopes  of  a  gable  end  of  a 
house,  to  hide  the  rafters,  Ac  ;  and  to  make  a  neat  finish. 

Bascule  bridge;  a  hinged  lift-bridge  furnished  with  a  counterpoise. 

Batter,  (sometimes  affectedly  batir,)  or  talus ;  the  sloping  backward  of  a  face  of  masonry. 

Bag;  on  bridges,  Ac,  sometimes  a  panel ;  sometimes  a  span. 

Bead;  an  ornament  either  composed  of  a  straight  cylindrical  rod  ;  or  curved  or  oast  in  that  shape 
on  any  surface- 

Bearing ;  the  oourse  by  a  compass.  Tbe  span  or  length  in  the  clear  between  the  points  of  support 
of  a  beam,  Ac.     The  points  of  support  themselves  of  a  beam,  shaft,  axle,  pivot,  Ac. 

Bed-mouldings ;  ornamental  mouldings  on  tbe  lower  face  of  a  projecting  cornice,  Ac. 

Bed-plate;  a  large  plate  of  iron  laid  as  a  foundation  for  something  to  rest  on. 

Beetle;  a  heavy  wooden  rammer,  suoh  as  pavers  use. 

Bell-crank.    See  Crank. 

Bench-mark;  a  level  mark  cnt  at  the  foot  of  a  tree  for  future  reference,  as  being  more  permanent 
than  a  stake. 

Berm.  or  berme:  a  horizontal  surface,  as  if  for  a  pathway,  and  forming  a  kind  of  step  along  the  face 
or  sloping  ground.  In  canals,  tbe  level  top  of  the  embankment  opposite  and  corresponding  to  the 
towpath  is  called  the  berm. 

Bessemer  steel  is  formed  by  forcing  air  Into  a  mass  of  melted  cast  iron ;  by  which  means  the  excess 
of  carbon  in  tbe  iron  is  separated  from  it,  until  only  enough  remains  to  constitute  cast  steel.  The 
carbon  is  chemically  united  with  tbe  steel,  but  mechanically  with  the  iron. 

Beton;  concrete  of  hydraulic  cement,  with  broken  stone  and  bricks,  gravel,  Ac. 

Bevel;  the  slope  formed  by  trimming  away  a  sharp  edge,  as  of  a  board,  Ac.  Edges  of  common 
drawing  rulers  and  scales  are  usually  bevelled.    See  13.  p  613. 

Bevel  gear;  cog-wheels  witn  teeth  so  formed  that  the  wheels  can  work  Into  each  other  at  an  angle. 

Bilge;  the  uearly  flat  part  of  the  bottom  of  a  ship  on  each  side  of  the  keel.  Also,  tbe  swelled  part 
of  a  barrel,  Ac.    To  bilge  is  to  spring  a  leak  in  the  bilge,  or  to  be  broken  there. 

Bitts;  the  small  boring  points  used  with  a  brace. 

Blast-pipes ;  in  a  locomotive ;  those  through  which  the  waste  steam  passes  from  the  cylinder  into 
the  smoke-pipe,  and  thus  creates  an  artificial  draft  in  tbe  chimuey,  or  smoke-pipe. 

Boasting;  dressing  stone  with  a  broad  chi.-el  called  a  boaster,  and  mallet.  The  boaster  gives  a 
smoother  surface  alter  the  use  of  the  point,  or  the  narrow  chisel  called  a  tool. 

Body;  the  thickness  of  a  lubricant  or  other  liquid.  Also,  the  measure  of  that  thickness,  expressed 
In  tbe  number  of  seconds  in  which  a  given  quantity  of  the  oil,  at  a  given  temperature,  flows  through 
a  given  aperture. 
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Bolster;  a  timber,  or  a  thick  iron  plate,  placed  between  the  end  of  a  bridge  and  Its  seat  on  the 
abutment. 

Bond ;  the  disposing  of  the  blocks  of  stone  or  brickwork  so  as  to  form  the  whole  into  a  firm  struc- 
ture, by  a  judicious  overlapping  of  each  other,  so  as  to  break  joint.  Applies  also  to  timber,  Ac,  in 
various  ways. 

Sonnet;  a  cap  over  the  end  of  a  pipe,  Ao.  A  cast-iron  plate  bolted  down  as  a  covering  over  an 
aperture. 

Bore  ;  inner  diameter  of  a  hollow  cylinder. 

Borrow-pit ;  a  pit  dug  in  order  to  obtain  material  for  an  embankment. 

Boat ;  an  increase  of  the  diameter  at  any  part  of  a  shaft  for  any  purpose,  A  projection  in  shape 
of  a  segmeut  of  a  sphere,  or  somewhat  so,  whether  for  use  or  for  ornament;  often  carved,  or  cast. 

Box-drain;  a  square  or  rectangular  drain  of  masonry  or  timber,  under  a  railroad,  Ac 

Brace ;  a  kind  of  curved  handle  used  for  boring  holes  with  bit ts.  The  head  of  the  brace  remains 
stationary,  being  pressed  against  by  the  body  of  the  person  using  it,  while  the  other  .part  with  the 
bitt  is  turned  round  by  his  hand.     Also,  an  inclined  beam,  bar,  or  strut,  for  sustaining  compression. 

Bracket;  a  projecting  piece  of  board,  Ac,  frequently  triangular,  the  vertical  leg  attached  to  the 
face  of  a  wall,  and  the  horizontal  one  supporting  a  shelf,  Ao.  Often  made  in  ornamental  shapes  for 
supporting  busts,  clocks,  Ac.  Also,  the  supports  for  shafting ;  as  pendent,  wall,  and  pedestal  brackets. 

Brake;  an  arrangement  for  preventing  or  diminishing  motion  by  means  of  friction.  The  friction 
is  usually  applied  at  the  circumference  of  a  revolving  wheel,  by  means  of  levers.  On  railroads,  the 
car-brakes  should  be  worked  by  steam,  as  those  of  Loughridge,  Westinghonse,  and  Creamer.  Also, 
such  a  handle  as  that  of  a  common  pump. 

Bras*  is  composed  of  copper  and  zinc 

Brasses ;  fittings  of  brass  in  many  plummer-blocks,  and  in  other  positions,  for  diminishing  the 
friction  of  revolving  journals  which  rest  upon  them. 

Braze;  to  unite  pieces  of  iron,  copper,  or  brass,  by  means  of  a  hard  solder,  called  spelter  solder, 
and  composed,  like  brass,  of  copper  and  zioc,  but  in  other  proportions. 

Break  joint;  to  so  overlap  pieces  that  the  joints  shall  not  occur  at  the  same  place,  and  thus  pro- 
duce a  bad  bond. 

Breast-summer  i  a  beam  of  wood,  iron,  or  atone,  supporting  a  wall  over  a  door  or  other  opening; 
a  kind  of  lintel. 

Breast-wall ;  one  built  to  prevent  the  falling  of  a  vertical  face  cut  into  the  natural  soil;  in  dis- 
tinction to  a  retaining- wall  or  revetment,  which  is  built  to  sustain  earth  deposited  behind  it. 

Breech;  the  hind  part  of  a  cannon,  Ac. 

Bridge,  or  bridge-piece,  or  bridge-bar;  a  narrow  strip  placed  across  an  opening,  for  supporting 
something  without  closing  too  much  of  the  opening. 

Bronze  is  composed  of  copper  and  tin. 

Bulkhead ;  on  ships,  Ac,  the  timber  partitions  across  them.  Also,  a  long  face  of  wharf  parallel 
to  the  stream. 

Buoy  ;  a  floating  body,  fastened  by  a  chain  or  rope  to  some  sank  body,  as  a  guide  for  finding  the 
latter.    Sometimes  also  used  to  indicate  channels,  shoals,  rocks,  Ac. 

Burnish ;  to  polish  by  rubbing ;  chiefly  applies  to  metals. 

Bush;  to  line  a  circular  hole  by  a  ring  of  metal,  to  prevent  tbe  bole  from  wearing  larger.  Also, 
when  a  piece  is  cut  out,  and  another  piece  neatly  inserted  into  the  cavity,  the  last  piece  is  sometimes 
■aid  to  be  bushed  in;  sometimes  it  is  called  a  plug. 

Butt-joint;  one  in  which  the  ends  of  the  two  piecea  abut  together  without  overlapping,  and  are 
joined  by  one  or  more  separate  pieces  called  coven  or  welts,  which  reach  across  the  joint  and  are 
fastened  to  both  pieces. 

Buttress;  n  vertical  projecting  piece  of  brickwork  or  masonry,  built  in  front  of  m  wall  to 
strengthen  it. 

Caisson ;  a  large  wooden  box  with  sides  that  may  be  detached  and  floated  away. 

Caliber;  the  inner  diameter,  or  bore. 

Calipers ;  compasses  or  dividers  with  curved  legs,  for  measuring  outside  and  inside  diameters. 

Calk,  or  caulk;  to  fill  seams  or  joints  with  something  to  prevent  leaking. 

Calking  iron ,  a  tool  for  foroiug  calking  into  a  joint. 

Camb,  or  cam,  or  wiper:  a  piece  fixed  upon  a  revolving  shaft  in  such  a  manner  as  to  produce  an 
alternating  or  reciprocating  motiou  in  something  in  contact  with  the  cam.    An  ecoentrto. 

Camber ;  a  slight  upward  ourve  given  to  a  beam  or  truss,  to  allow  for  settling. 

Camel ;  a  kind  or  barges  or  hollow  floating  vessels,  which,  when  filled  with  water,  are  fastened  te 
the  sides  of  a  ship ;  and  the  water  being  then  pumped  out,  they  rise  by  their  buoyancy ;  and  lift  the 
■hip  so  that  she  can  float  in  shallower  water. 

Cantilevers  ;  projecting  pieces  for  supporting  an  upper  balcony,  Ac. 

Cants,  rims,  or  shroudings ;  the  pieces  forming  the  ends  of  the  backets  of  water-wheels,  to  prevent 
the  water  from  spilling  endwise. 

Capstan;  a  long  hollow  rope- drum  surrounding  a  strong  vertical  pivot,  opon  the  bead  of  which  it 
rests,  and  around  which  it  turns.  Its  top  is  a  thick  projecting  circular  piece,  having  holes  around  its 
outer  edge  or  circumference,  for  the  insertion  of  tbe  ends  of  levers ;  or  capstan-bars.  It  is  a  kind  of 
vertical  windlass. 

Case-harden;  to  convert  the  outer  surface  of  wrought  iron  into  steel,  by  heating  it  while  In  contact 
with  charcoal. 

Casemate ;  in  fortification :  the  small  apartment  in  which  a  cannon  stands. 

Castors ;  rollers  usually  combined  with  swivels;  as  those  used  under  heavy  furniture,  Ac. 

Causeway ;  a  raised  footway  or  roadway. 

Cavetto;  a  moulding  consisting  of  a  receding  quadrant  of  a  circle. 

Cementation;  the  process  of  converting  wrought  iron  into  steel,  by  heating  it  In  contact  with  char 
ooal.  This  process  produoes  blisters  on  the  steel  bars ;  hence  blister  steel.  These  are  removed,  aad 
the  steel  compacted,  by  reheating  it,  and  then  subjecting  it  to  a  tilt-hammer,  it  is  then  tilted  steel, 
or  shear  steel.  Or  tr  the  blister  steel  is  broken  up ;  remelted;  and  then  run  Into  ingots  or  blocks;  it 
is  called  cast,  or  ingot  steel;  which  is  harder  and  closer -grained  than  tilted  steel.  It  may  be  softened, 
and  thus  become  less  brittle,  by  anuealing.  The  ingot*  may  be  converted  into  bars  by  either  rolling 
or  hammering,  the  same  as  shear  and  blister. 

Center ;  the  supports  of  an  arch  while  being  built. 

Center  0/ gravity.    See  p.  347,  Ac. 

Center  of  gyration.    See  Radius  of  Gyration  p  440. 
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Confer  e/eueflfcrifen,  er  •fvihrmUon.    See  Rem  ».  of  Pendulums,  p  SO. 

Outer  ofpercuesUn,  te  a  moving  body,  la  that  point  wbtoh  would  strike  an  opposing  boay  with 
Creator  force  than  any  other  polat  would.  If  the  opposing  body  la  Immovable,  It  will  receive  all  the 
force  of  a  rigid  moving  body  which  strikes  with  its  center  of  percussion.    See  Pendulum,  page  Mi. 

Cesspool;  a  ahallow  well  for  reeeiviug  waste  wncer,  filth,  Ae. 

Chamfer  ;  meana  much  the  same  as  bevel ;  but  applies  more  especially  when  two  edges  are  cut  away 
so  aa  to  form  either  a  chamfer-groove,  (we  14.  p  «IS,  of  Trasses,)  or  a  projecting  sharp  edge. 

Cheeks:  two  tat  parallel  pieoes  confining  something  between  them.  See  w,  at  15,  of  Figs  t\%,  of 
Trasses,  p  68S% 

Chilling,  chill-hardening ,  or  chill- coating  ;  giving  great  hardness  to  the  outside  of  cast-iron,  by 
pouring  it  into  a  mould  made  of  iron  instead  of  wood.  The  iron  mould  causes  the  outside  or  skin  of 
the  casting  to  cool  very  rapidly ;  and  this  Tor  some  unknown  reason  inoreases  Us  hardness.  This  pro- 
eess  is  frequently  confounded  with  case-hardening. 

CSaoe*  ;  any  piece  need  for  filling  up  a  chance  bote,  or  vaeaney. 

Chuck;  the  arrangement  attached  to  the  revolving  shaft,  arbor,  or  mandril  of  a  lathe,  for  holding 
the  thing  to  be  turned. 

Churn-drill ;  a  long  iron  bar.  with  a  cutting  end  of  steel ;  ranch  used  in  quarrying,  and  worked  by 
raising  it  and  letting  It  fall.    When  worked  by  blows  of  a  hammer  or  sledge  it  is  called  a  jumper. 

Ctmm,  or  cyma ;  a  moulding  nearly  in  nhape  of  an  S.  When  the  upper  part  u  ooneave,  it  u  eaUtd 
a  olrna  recta ;  when  convex,  a  eiuia  reversa.    See  page  151. 

Clack  voir*.    Bee  Valves. 

Clump ;  a  piece  raeteued  by  tongue  and  groove,  transveftety  along  the  end  of  others,  to  keep  them 
from  warping.  A  kind  of  open  collar,  which,  being  closed  by  n  elamp-cerew,  holds  tight  what  It  sur- 
rounds,   bee  Cramp. 

Clap- hoards;  abort  thin  board*,  shingie-shaped,  and  used  Instead  of  shingles. 

Claw ,  a  split  provided  at  the  end  of  aa  iron  bar,  or  of  a  hammer,  Ae,  to  take  hold  of  the  heads  of 
nails  or  spikes  for  drawing  them  out;  as  In  a  common  olaw-hammer. 

Cleat ;  a  piece  merely  bolted  to  another  to  serve  as  a  support  for  something  else ;  ae  at  7,  8,  10, 
he,  p.  CIS,  of  Trasses.  Often  used  on  shipboard  tor  fastening  ropes  to,  as  at  11.  Also  a  piece  of 
board  nailed  across  two  or  more  other  boards,  for  holding  them  together,  as  is  often  done  in  tempo- 
rary doors,  Ac 

CUtis.    See  Shackle. 

{fee*.    See  Ratchet. 

Otip ;  a  fastening  like  that  on  the  tops  of  the  T's  of  a  spirit  level ;  being  a  kind  of  half  collar  opening 
by  a  binge. 

Ohuek  ;  applied  to  various  arrangements  at  the  ends  of  separate  shafts,  and  which  by  clutching  er 
eatohing  into  each  other  cause  both  shafts  to  revolve  together.    A  kind  of  coupling. 

(fee*  ;  a  kind  of  valve  for  the  discharge  of  liquids,  air,  steam,  dee. 

Coegleiont;  or  a  Constant  of  friction,  safety,  or  strength,  Ae,  may  usually  be  taken  to  be  a  num- 
ber which  shows  the  proportion  (or  rather  the  ratio)  which  Motion,  safety,  tensile  strength,  Ac,  bear 
to  a  certain  something  elan  which  u  not  generally  expressed  at  the  time,  bat  is  well  understood.  Thus. 

when  we  say  that  the  ooeff  of  friction  of  one  body  upon  another  is  -fet  Ac.  it  is  understood  that  the 
friction  is  In  the  proportion  of  -j^-th  of  the  pressure  which  produces  it.    A  coefT  of  safety  of  8,  meaus 

that  the  safety  has  a  proportion  or  ratio  of  S  to  1  to  the  theoretical  breaking  load.  A  ooeff  of  500  lbs, 
or  of  20  tons,  Ac,  of  tensile  strength  of  any  material,  denotes  that  said  strength  is  In  the  proportion 
of  600  lbs.  or  of  20  tons,  Ac,  to  each  square  {nek  of  transverse  section.  Ac.    Same  as  Modulus. 

Coffer-dam ;  an  enoloaure  built  In  the  water,  and  then  pumped  dry,  so  as  to  permit  masonry  or 
other  work  to  be  carried  on  inside  of  It. 
Cog  ;  the  tooth  of  a  cog-wheel. 
Collar;  a  flat  ring  surrounding  anything  elosely. 

OoUarbeam;  a  horizontal  timber  stretching  from  one  to  another  of  two  rafters  whloh  meet  at  top; 
but  above  the  main  tie-beam.    See  11,  p  61S. 

-  Concrete ;  artificial  stone  formed  by  mixing  broken  stone,  gravel,  Ae,  with  common  lime.  When 
hydranlie  cement  la  used  instead  of  lime,  the  mixture  1*  called  beton.  The  terms  "  lime  concrete  •• 
and  "  cement  concrete  "  would  be  convenient. 

ConnecHng-rod ;  a  piece  which  connects  a  crank  with  something  which  moves  ft,  or  to  which  It 
gJres  motion. 

Console ;  a  kind  of  ornamental  bracket,  somewhat  in  shape  of  an  S ;  much  used  In  oornices,  Ae, 
for  supporting  ornamental  mouldings  above  it. 
Coping  ;  flat  plates  of  stone,  iron.  Ae,  placed  on  the  tops  of  walls  exposed  to  the  weather. 
Corbel ;  a  hertsontat  projecting  piece  which  assists  in  supporting  one  resting  upon  it  which  protects 
jfcill  farther. 

Core;  anything  ■erring  aa  a  mould  tor  anything  else  to  be  formed  around.  A  term  much  used  la 
foundries. 

Cornice;  the  ornamental  projection  at  the  eaves  of  a  building,  or  at  the  top  of  a  pier,  or  of  any  other 
structure. 

Cotter-bolt,  or  key-boU;  a  bolt  which,  instead  of  a  screw  and  nut  at  one  end,  has  a  slot  cut  through 
it  near  that  end,  for  the  insertion  of  a  wedge-shaped  key  or  cotter,  for  keeping  it  in  its  place.  Some- 
times the  ends  of  these  keys  are  split,  so  as  to  spread  open  after  being  inserted,  so  as  not  to  be  jolted 
out  of  place. 

Counterfort;  vertical  projections  of  masonry  or  brickwork  built  at  intervals  along  the  back  of  a  wall 
to  strengthen  it ;  and  generally  of  very  little  use. 
Couutey-shaft ;  a  secondary  shaft  or  axle  whioh  receives  motion  from  the  principal  one. 
Countersunk.    See  Beam. 

Counter-weight ;  or  oounter-balanoe ;  any  weight  used  to  balance  another. 

Couplings  ;  a  term  of  very  general  application  to  arrangements  for  connecting  two  shafts  so  that 
they  snail  revolve  together. 
Cover;  see  "  butt-joint.** 

Cover;  in  re-rolling  iron  and  Mteel  from  piles  of  small  pieoes,  a  large  bar  or  slab,  called  a  cover,  of 
the  same  width  and  length  as  the  pile,  is  employed  to  form  the  bottom  of  the  pile,  and  a  similar  slab 
for  the  top.  The  covers  serve  to  hold  the  pile  together ;  and,  after  rolling,  they  form  unbroken  top 
and  bottom  surfaces  of  the  finished  plate,  bar,  rail,  I  beam,  Ae. 
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tJZ?* ;  ?!$"**  ■■*ft1or  •*>»•  *■■»"■  •»ves  •«  »  rope-drum  in  raiting  weights ;  and  is  rewetved either 

windlass,  or  oapstan,  of _whieb  it  is  a  variety.  It  may  be  cither  vertical  «r  harisontaL  It  Is  often 
set  in  a  frame,  to  be  carried  from  place  to  place.    Also  the  whole  machine  is  onlled  a  crab. 

Cradle ;  applied  to  various  kinds  of  timber  supports,  which  partly  enclose  the  mass  sustained. 

Cramp;  a  short  bar  of  metal,  haviug  iu  two  ends  bent  downward  at  right  angles  for  insertion  into 
two  adjoining  pteees  of  stone,  wood,  to,  to  hold  them  together.  Much  used  at  the  ends  of  coping-stones. 
Also  a  similar  bent  piece,  with  a  set-screw  passing  through  one  of  the  bent  ends,  for  holding  thinp 
tight  between  it  and  the  other  end.    This  last  is  aUo  called  a  clamp.  *•«"■" 

Crane;  a  hoisting  machine  consisting  of  a  revolving  vertical  post  or  talk;  a  projecting  *» ft  ;  and 
a  slay  for  sustaining  the  outer  end  of  the  Jib.  The  stay  may  be  either  a  stmt  or  a  tie.  There  are 
also  cog-wheel*,  a  rope  drum  or  barrel,  with  a  winoh,  ropes,  pulleys.  Ac.  In  a  crane  the  post. Jib. 
aod  stay  do  not  change  their  relative  positions,  as  they  do  in  a  derrick. 

J^L"*/ua  do.ub!e  bend  at  ri8ht  angles,  somewhat  like  a  Z,  at  the  end  of  a  shaft  or  axle,  and  forming 
a  kind  or  handle  by  which  the  axle  may  be  made  to  revolve.  Sometimes,  as  in  oommon  grindstones, 
this  crank  Is  formed  of  a  separate  piece  removable  at  pleasure.  That  part  of  this  piece  which  has  the 
square  opening  in  it  for  fitting  it  to  the  square  end  of  the  axle,  is  called  the  crank-arm  ;  and  the  ether 
part  the  crank-handle.  A  ooU-crosiA  consists  of  «  bends  at  right  angles  at  tfao  center  of  act  axle,  form- 
ing in  it  a  kind  of  U.    A  douote  crank  consists  of  two  bell  cranks  arranged  thus,  rja.   The  bend  in 

(he  U  forms  the  erank-writt.  The  term  bell-crank  is  applied  also  to  those  need  in  fixing  ocennsoii  dwell- 
ing house  bells :  and  to  larger  ones  on  the  same  principle.  A  crunk-pin  is  a  pin  projecting  from  a  re- 
volving wheel,  disk,  or  ether  body,  and  serving  as  a  crank-handle.  A  cremk-ehajt  is  a  shaft  which 
has  a  crank  in  It.  or  at  its  end.  A  cranked  shaft  has  it  in  it  only.  A  shin  or  other  Teasel  is  said  so 
be  crank  when  its  breadth  is  so  small  in  proportion  to  its  depth  as  to  make  it  liable  to  upset  easily ;  or 
when  the  same  liability  is  eansed  by  want  of  sufficient  ballast. 

Greet ;  that  top  part  or  a  dam  over  which  the  water  pours. 

Crate-tut  sow  ;  a  large  horisontal  saw  worked  by  two  men,  one  at  each  end. 

Oroet-kemd ;  a  piece  attached  across  the  end  (or  near  it)  of  another  piece,  and  at  right  angles  to  it, 
•o  as  to  form  a  kind  of  T  or  cross.  Often  seen  on  piston  rods,  which  they  serve  to  keep  in  place  by 
resting  on  the  slides,  or  guides. 

Crowbar ;  a  bar  of  iron  used  as  a  lever  for  various  purposes ;  often  pointed  at  one  end. 

Crown,  or  controls  wheel ;  a  cog-wheel  in  which  the  teeth  stand  not  upon  its  nnmrrironmfruuoe  as 
■snal,  but  upon  the  plane  of  its  eirele. 

Curb  ;  a  broad  fiat  circular  ring  of  wood,  iron,  or  stone,  placed  under  the  bottoms  of  oircwJar  walls, 
M  in  a  well,  or  shaft,  to  prevent  unequal  settlement;  or  built  into  the  walls  at  intervals,  for  the  same 
pnrpose.    Has  many  other  meanings. 

Cut- off;  an  arrangement  for  cutting  off  the  steam  from  a  cylinder  before  the  piston  baa  made  its 
tall  stroke.    Also  a  channel  out  through  a  narrow  neck  of  land,  to  straighten  the  course  of  a  river. 

Cutwater,  or  starling;  the  projecting  ends  of  a  bridge  pier,  Ac,  usually  so  shaped  as  to  allow  water, 
lee,  Ac,  to  strike  them  -with  bnt  Mule  injury. 

Damper;  a  door  or  valve  to  regulate  the  admission  of  air  to  a  furnace,  stove,  Ac 

Dead  load;  the  oars,  engine,  Ac,  in  a  train ;  non-paying  load. 

Dead-load;  in  a  bridge,  the  weight  of  the  bridge  Itself,  with  flooring,  reef,  Ac;  as  distinguished 
from  the  He*  load  or  passing  trains,  vehicles,  pedestrians,  Ao. 

Dead  fofmte  :  those  two  points  In  the  revolution  of  a  crank,  where  the  crank  arm  is  parallel  with 
the  rod  which  connects  it  with  the  moving  power;  and  at  which  said  rod  exerts  no  tendency  to  tarn 
the  crank. 

Declination,  of  the  sun,  or  of  a  star,  is  its  angle  north  or  south  of  the  earth's  equator  a*  the  time 
of  observation. 

De&krity;  a  downward  slope  nr  descent  Of  ground,  Ao. 

Dentils;  blocks  eoustttntfog  ornaments  in  a  cornice;  placed  at  short  intervals  apart,  they  resemble 
teeth.  When,  instead  of  mere  blocks,  they  are  handsomely  carved  in  various  shapes,  they  are  called 
anodilltcns. 

Derriek;  a  kind  of  crane,  differing  from  common  ones,  chiefly  in  the  fact  that  the  rope  or  chain 
whioh  forms  the  stay  mav  be  let  out  nr  hauled  in  at  pleasure,  thus  raising  or  lowering  the  inclination 
of  a  Jib;  thereby  enabling  the  raised  load  to  be  plaeed  vertically  at  the  required  spot.  This  cannot 
be  done  with  a  crane,  whioh,  therefore,  is  not  as  well  adapted  for  laying  heavy  masonry,  oaueoiauy 
at  great  heights. 

Diaphram ;  a  thin  plate  or  partition  plaeed  across  a  tube  or  other  hollow  bony. 

Die ;  that  part  of  a  stamp  that  gives  the  impression.  Dies  are  also  two  flat  plates  of  hardened  steel, 
on  an  edge  of  each  of  which  Is  hollowed  eat  a  semleiroular  half  of  a  short  female  screw.  When  these 
plates  are  put  In  contact  they  form  a  complete  female  screw,  like  that  in  a  nut;  and  being  strongly 
held  together  by  an  Iron  boxing  called  the  die-stocks,  which  ham  long  handles  for  revolving  them,  the? 
onnfltitnte  a  mould  or  cutter  for  forming  threads  on  a  male  screw.    Also  the  main  body  of  a  pedestal' 

Dip;  in  geology,  either  the  angle  which  the  slope  of  a  stratum  forms  with  aJioruentsvl ;  or  the 
direction  by  compass,  toward  which  it  slopes.  In  surveving,  the  inclination  at  which  an  unbalanced 
oompsss-needle  rests  on  its  pivot  after  being  magnetised. 

Disk ;  a  fiat  oirenlar  piece. 

Dock;  an  artifioial  enclosure,  either  partial  or  total,  in  whioh  ships  and  other  vessels  are  placed 
for  being  loaded  or  unloaded,  or  repaired.    The  first  is  a  wet  dock ;  the  last  a  dry  one. 

Dog-iron  ;  a  short  bar  of  iron,  forming  a  kind  of  cramp,  with  its  ends  bent  down  at  right  augw* 
and  pointed,  so  as  to  hold  together  two  pieces  Into  which  they  are  driven.  Often  used  for  temporary 
purposes,    it  is  also  oalled  a  dog-Iran  when  only  one  end  is  bent  down  and  pointed  for  dxjring.  the 
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ether  end  being  formed  into  an  eye  or  a  handle  by  which  the  pteee  into  which  the  other  end  is  driven 
may  be  hauled  or  towed  away. 

Donkey-engine;  a  small  steam  engine  attached  to  a  large  one,  and  fed  from  the  same  boiler.  It  la 
used  for  pumping  water  into  the  boiler. 

Double  crank.    See  Crank. 

Double  keyn.    See  K.  of  Trusses ;  page  618. 

Dovetail ;  a  joint  like  20.  page  613 ;    it  is  a  poor  one  for  timber  when  there  is  mneh  strain, 

being  then  apt  to  draw  out  more  or  less. 

Dowel;  a  straight  pin  of  wood  or  metal,  inserted  part  way  into  each  of  two  faces  which  it  unites. 

Draft;  the  depth  to  which  a  floating  vessel  sinks  in  the  water;  in  other  words  the  water  it  draws. 

Draught;  a  drawing.  A  narrow  level  stripe  which  a  stonecutter  first  outs  around  the  edges  of  a 
rough  stone,  to  guide  him  in  dressing  off  the  face  in  us  enclosed  by  the  draught. 

Draw-plate;  a  plate  of  very  hard  steel,  pierced  with  small  circular  holes  of  different  diameters, 
through  which  in  succession  rods  of  iron  are  drawn,  and  thus  lengthened  out  into  wire.  Sometime* 
the  holes  are  drilled  through  diamond  or  ruby,  Ac,  instead  of  steel. 

Drift;  a  horizontal  or  inclined  passage-way,  or  small  tunnel,  in  mines,  Ac.  To  float  away  with  a 
current.    Trees,  Ac,  carried  along  by  freshets. 

Drip  ;  a  small  ohannel  cut  under  the  lower  projecting  edge  of  ooplng,  Ac,  so  that  rain  when  it 
reaches  that  point  will  drip  or  fall  off,  instead  of  finding  its  way  horizontally  beneath  to  the  wall, 
which  it  would  make  damp. 

Drop;  short  pieces  of  nearly  complete  cylinders,  placed  at  small  distances  apart,  in  a  row  like 
teeth,  as  an  ornament  to  cornices,  Ac. 

Drum;  a  revolving  oylinder  around  which  ropes  or  belts  either  travel  or  are  wound.  When  nar- 
row and  used  with  belts  they  are  called  pulleys. 

Dry-rot;  decay  in  -such  portions  of  the  timber  of  houses*,  bridge*,  Ac,  as  are  exposed  to  dampness, 
especially  in  confined  warm  situations.  The  timber  in  cellars  and  basement  stories  is  mere  liable  to 
It  than  in  other  parts,  owing  to  the  greater  dampness  absorbed  by  the  brickwork  from  the  ground. 
Contact  with  lime  or  mortar  hastens  dry  rot,  The  ends  of  girders,  Joists,  60,  resting  on  damp  walls, 
may  be  partially  protected  by  placing  pieces  of  slate  or  sheet  iron  under  them.  The  painting  or  tar- 
ring of  unseasoned  timber  expedites  Internal  dry  rot.  A  thorough  soaking  of  timber  in  a  solution  of 
38  grains  of  quicklime  to  1  gallon  of  water"  Is  said  to  be  a  preventive  of  dry-rot ;  but  the  best  process 
for  that  purpose  is  saturation  with  creosote  or  carbolic  acid. 

Dyke  ;  mounds  of  earth,  Ac,  built  to  prevent  overflow  from  riven  or  the  sea.  A  kind  of  geological 
Irregularity  or  disturbance,  consisting  of  a  stratum  of  rook  injected  as  it  were  by  volcanic  action,  be- 
tween or  across  strata  of  rooks  of  another  kind.    A  levee. 

Eccentric;  a  circular  plate  or  pnllej.  surrounded  by  a  loose  ring,  and  attached  to  a  revolving 
shaft,  and  moving  around  with  it,  but  not  having  the  same  center;  for  producing  an  alternate  motion. 
Often  used  instead  of  a  crank,  as  they  do  not  weaken  the  axle  by  requiring  it  to  be  bent.  There  are 
many  modifications. 

Becarpment ;  a  nearly  vertical  natural  face  of  rock  or  soil. 

Escutcheon;  the  little  outside  movable  plate  that  protects  the  keyhole  of  a  look  from  dust. 

Bye;  a  circular  hole  in  a  flat  bar,  Ac,  for  receiving  a  pin,  or  for  other  purposes. 

Bye  and  strap;  a  hinge  common  for  outside  shutters,  Ac,  one  part  consisting  of  an  iron  strap  one 
end  of  which  is  forged  into  a  pin  at  right  angles  to  It ;  and  the  other  part,  of  a  spike  with  an  eye, 
through  which  the  pin  passes.  When  the  eye  Is  on  the  strap,  and  the  pin  on  the  spike,  it  to  called  a 
hook  and  strap.    Such  hinges  are  sometimes  called  "  backfiaps." 

Bye-bolt,'  a  bolt  which  has  an  eye  at  one  end. 

Face- wall;  one  built  to  sustain  a  face  cut  into  natural  earth,  in  distinction  to  a  retaining- wall, 
which  supports  earth  deposited  behind  it. 

FaU;  the  rope  used  with  pulleys  in  hoisting. 

False-works;  the  scaffold,  oenter,  or  other  temporary  supports  for  a  structure  while  It  is  being 
built.  In  very  swift  streams  it  is  sometimes  necessary  to  sink  cribs  filled  with  stone,  as  a  base  for 
false-works  to  foot  upon. 

Fascines  ;  bandies  of  twigs  and  small  branches,  for  forming  foundations  on  soft  ground. 

Fatigue;  of  materials;  the  increase  of  weakness  produced  by  frequent  bending;  or  by  sustaining 
heavy  loads  for  a  long  time. 

Faucet;  a  short  tube  for  emptying  liquids  from  a  cask,  Ao;  the  flow  is  stopped  by  a  spigot.  The 
wider  end  of  a  oommon  oast-iron  water  or  gas  pipe. 

Feather;  a  slightly  projecting  narrow  rib  lengthwise  of  a  shaft,  and  which,  catching  into  a  corre- 
sponding groove  in  anything  that  surrounds  and  slides  along  the  shaft,  will  hold  it  fast  at  any  required 
part  of  the  length  of  the  feather.    Has  other  applications. 

Feather-edge;  when  one  edge  of  a  board,  Ao,  is  thinner  than  the  other. 

Felloe,  or  felly;  the  circular  rim  of  a  wheel,  Into  which  the  outer  ends  of  the  spokes  fit;  and  which 
fs  often  surrounded  by  a  tire. 

Felt;  a  kind  of  coarse  fabric  or  oloth  made  of  fibres  of  hair,  wool,  ooarse  paper,  Ao,  by  pressure, 
and  not  by  weaving. 

Fender;  a  piece  for  protecting  one  thing  from  being  broken  or  injured  by  blows  from  another: 
frequently  vertical  timbers  along  the  outer  faces  of  wharves,  to  prevent  injury  from  the  rubbing  of 
vessels. 

Fender-piles  ;  piles  driven  to  ward  off  accidental  floating  bodies. 

Ferrule  ;  a  broad  metallic  ring  or  thimble  put  around  anything  to  keep  it  from  splitting  or  breaking. 
A  small  sleeve. 

Fillet;  a  plain  narrow  flat  moulding  in  a  oornioe,  Ac.    See  Platband. 

Fish;  to  join  two  beams,  Ac,  bj  fastening  other  long  pieces  to  their  sides; 

Flags-;  broad  flat  stones  for  paring. 

Flange  ;  a  projecting  ledge  or  rim. 

Flashings;  broad  strips  of  sheet  lead,  copper,  tin,  Ao,  with  one  edge  inserted  into  the  joints  of 
brickwork  or  masonry  an  inch  or  two  above  a  roof,  Ao ;  and  projecting  out  several  inches,  so  as  to  be 
flattened  down  close  to  the  roof,  to  prevent  rain  from  leaking  through  the  jo'.nt  between  the  roof  and 
the  brick  ohimney,  Ao,  which  projects  above  it. 

Flasks;  upper  and  lower;  the  two  parts  of  the  box  which  contain*  the  mould  into  whioh  melted 
iron  is  poured  f->r  castings. 

Flatting;  causing  painting  to  have  a  dead  or  dull,  instead  of  a  glossy  finish,  by  using  turpentine 
instead  or  oil  in  the  last  coat. 

Fliers;  a  straight  flight  of  steps  in  a  stairway. 

Floodgate  ;  a  gate  to  let  off  excess  of  water  in  floods,  or  at  other  times. 
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Ftmme;  a  ditch,  trough,  or  other  channel  of  moderate  sin  for  conducting  water.  The  ititehee  ec 
oulverts  through  which  surplus  water  passes  from  an  upper  to  a  lower  reach  of  a  canal. 

Flush;  forming  an  even  continuous  line  or  enrfaoe.  To  clean  out  a  line  of  pipes,  sewers,  gutters, 
no,  by  iettiug  on  a  sudden  rush  of  water.    The  splitting  of  the  edges  of  stones  under  pressure. 

Fluxes;  various  substances  used  to  prevent  the  instantaneous  formation  of  rust  when  welding  two 
pieces  of  hot  metal  together.  Such  rust  would  cause  a  weak  weld.  Borax  is  used  for  wrought  iron ; 
a  mixture  of  borax  and  sal  ammoniac  for  steel ;  chloride  of  siuc  for  sine ;  sal  ammoniac  for  copper 
or  brass ;  tallow  or  resin  for  lead. 

Fly-wheel;  a  heavy  revolving  wheel  for  equalising  the  motion  of  machinery. 

Foaming;  an  undue  amount  of  boillug,  caused  by  grease  or  dirt  in  a  boiler. 

Follower;  any  cog-wheel  that  is  driven  by  another;  that  other  is  the  Under.      See  also  p  645. 

Forceps;  any  tools  for  holding  things,  as  by  pincers,  or  pliers. 

Forebay,  or  penstock;  the  reservoir  from  which*  the  water  passes  immediately  to  a  water- wheeL 

Forge;  to  work  wrought  iron  into  shape  by  first  softening  it  by  heat,  and  then  hammering  it  into 
the  required  form. 

Forge-hammer;  a  heavy  hammer  for  forging  large  pieces ;  and  worked  by  machinery. 

Foxtail;  a  thin  wedge  inserted  into  a  slit  at  the  lower  end  of  a  pin,  so  that  as  the  pin  la  drives) 
down,  the  wedge  enters  it  and  causes  it  to  swell,  and  hold  more  firmly. 

Frame;  to  put  together  pieces  of  timber  or  metal  so  as  to  form  a  truss,  door,  or  other  structure. 
The  thing  so  framed. 

Frictisn-rolUrs ;  hard  cylinders  placed  under  a  body,  that  it  may  be  moved  more  readily  than  by 
sliding. 

Frietion-wheeU  ;  wheels  so  placed  that  the  journals  of  a  shaft  may  rest  upon  their  rims,  and  thos 
be  enabled  to  revolve  with  diminished  friction.    See  page  874 e. 

Friexe;  in  architecture,  the  portion  between  the  architrave  and  oornice.  The  term  is  often  applied 
when  there  is  no  arohitrave. 

Fulcrum;  the  point  about  whioh  a  lever  turns. 

Furring*;  pieces  placed  upon  others  which  are  too  low,  merely  to  bring  their  upper  surfaces  up  te 
a  required  level ;  as  is  often  done  with  joists,  when  one  or  more  are  too  low ;  a  kind  of  chock. 

Fume,  or  fuse;  to  melt.  A  slow  match,  which,  by  burning  for  some  time  before  the  fire  reaches  the 
powder,  gives  the  men  engaged  in  blasting,  time  to  get  out  of  the  way  of  flying  fragments  of  store. 

Gasket;  rope-yarn  or  hemp,  used  for  stuffing  at  the  joints  of  water-pipes,  Ac. 

Gearing  ;  a  train  of  cog-wheels.   Now  much  supplanted  by  betta. 

Gib;  the  piece  of  metal  somewhat  of  this  shape,  I— I,  often  used  in  the  same  bole  with  a  wedge- 
shaped  key  for  confining  pieces  together.  In  common  use  for  fastening  the  strap  to  the  stub-end  of 
the  oonneeting-rod  of  an  engine. 

Gin;  a  revolving  vertical  axis,  usually  furnished  with  a  rope-drum,  and  having  one  or  more  long 
arms  or  levers,  by  means  of  whioh  it  is  worked  by  horses  walking  in  a  circle  around  it.  Used  Car 
hoisting.    Cotton-gin,  a  machine  for  separating  cotton  from  its  seeds. 

Girder;  a  beam  larger  than  a  common  joist,  and  used  for  a  similar  purpose, 

Glade;  In  fortification,  an  easy  slope  of  earth. 

Gland.   See  Stuffing-box.     Also,  a  kind  of  coupling  for  shafts. 

Glue ;  a  cement  for  wood,  prepared  chiefly  from  the  gelatine  furnished  by  boiling  the  parings  of 
hides.    Good  glue  will  hold  two  pieces  of  wood  together  with  a  force  of  from  400  to  760  lbs  per  sq  in. 

Governor ;  two  balls  so  attached  to  an  upright  revolving  axis  as  to  fly  outward  by  their  centrifugal 
force,  and  thus  regulate  a  valve. 

Grapnel;  a  kind  of  compound  hook  with  several  curved  points,  for  finding  things  in  deep  water. 

Grillage ;  a  kind  of  network  of  timbers  laid  crossing  each  other  at  right  angles ;  frequently  placed 
on  the  heads  of  pile's,  for  supporting  piers  of  bridges,  and  other  masonry.    See  p  64L 

Groin ;  an  arch  formed  by  two  segmental  arches  or  vaults  intersecting  each  other  at  right  angles. 
Also,  a  kind  of  pier  built  from  the  shore  outward,  to  intercept  shingle  or  gravel. 

Groove;  a  small  channel.  A  triangular  one  la  called  a 

ehamfered  groove. 

Ground- ewett ;  waves  whieh  continue  after  a  storm  has  ceased ;  or  caused  by  storms  at  a  distance, 

Grout;  thin  mortar,  to  be  poured  into  the  interstices  between  stones  or  bricks. 

Gudgeons;  the  metal  journals  of  a  horizontal  shaft,  suoh  as  that  of  a  water- wheeL  For  modsreis 
speeds  

Diam,  ins    )  «.  V  Weight  in  lbs  on  oue  gudgeon 
if  of  o&st-irou  5  ~  10 

For  wrought-iron,  add  one-twentieth. 

Gun-metal,  or  bronse ;  a  compound  of  copper  and  tin,  sometimes  need  for  cannon.  Also,  a  quality 
of  cast  Iron  fit  for  the  same  purpose. 

Gussets;  plain  triangular  pieces  of  plate  iron,  riveted  by  their  vertical  and  horizontal  legs  to  the 
sides,  tops,  and  bottoms  of  box-girders,  tubular  bridges.  Ac,  inside,  for  strengthening  their  angles. 

Guys ;  ropes  or  chains  used  to  prevent  anything  from  swinging  or  moving  about. 

Gyrate;  to  revolve  around  a  central  axis,  or  point. 

Halving ;  to  notch  together  two  timbers  which  cross  each  other,  so  deeply  that  the  joint  thickness 
shall  equal  only  that  of  one  whole  timber. 

Hammer  dress ;  to  dress  the  face  of  a  stone  by  slight  blows  of  a  hammer  with  a  cutting  edge.  The 
patent  hammer  for  such  purposes  has  several  such  edges  placed  parallel  to  each  other,  each  of  which 
may  be  removed  and  replaced  at  pleasure. 

Hand-lever;  in  an  engine,  a  lever  to  be  worked  by  hand  instead  of  by  steam. 

Handspike ;  a  wooden  lever  for  working  a  capstan  or  windlass ;  or  other  purposes. 

Hand-wheel ;  a  wheel  used  instead  of  a  spanner,  wrench,  winch,  or  lever  of  any  kind,  for  screwing 
nuts,  or  for  raising  weights,  or  for  steering  with  a  rudder,  *c. 

Hangers,  or  pendent  brackets ;  fixtures  projecting  below  a  ceiling,  to  support  the  journals  of  long 
lines  of  shafting ;  and  for  other  purpose.    Should  be  "  self-adjusting."  ' 

Hasp  ;  a  piece  of  metal  with  an  opening  for  folding  it  over  a  staple. 

Hatchway;  a  horizontal  opening  or  doorway  in  a  floor,  or  in  the  deck  of  a  vesseL 

Haunches ;  the  parts  or  an  arch  from  tbe  keystone  to  the  akewback. 

Head-block ;  a  block  on  which  a  pillow-block  rests. 

Header;  a  stone  or  briok  laid  lengthwise  at  right  angles  to  the  faee  of  the  masonry. 

Heading ;  in  tunnelling,  a  small  driftway  or  passage  exoavated  in  ad  ranee  of  tbe  main  body  of  lit 
tunnel,  but  forming  part  of  it;  for  facilitating  the  work. 

Headway ;  tbe  clear  height  overhead.    Progress. 

Heel-post ;  that  on  whioh  a  look  gate  turns  on  its  pivot 

Helve ;  the  handle  of  an  axe. 
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Mandrel;  an  Iron  rod  used  as  a  ©ore  around  which  a  flat  piece  may  be  bent  into  a  cylindrical  ■hue. 
Alio  the  shaft  that  carries  the  chuck  of  a  lathe.  */«■««-«»  ni|n 

JfanAoje;  an  opening  by  whloh  a  man  can  enter  a  boiler,  culvert,  to,  to  clean  or  repair  it. 

Mattock;  a  kind  of  pick  with  broad  edges  for  digging. 

Maui;  a  heavy  wooden  hammer.  • 

Mean,  arithmetical;  half  the  sum  of  two  numbers. 
"      ,  geometrical ;  the  sq  rt  of  the  product  of  two  numbers. 

Mean-proportional ;  the  same  as  the  geometrical  mean. 

Meridian ;  a  north  and  south  line.    Noon. 

Mitre  ioint ;  a  joint  formed  along  the  diagonal  line  where  the  ends  of  two  pieces  an  united  at  an 
angle  with  each  other. 

Mitre-till;  the  sill  against  which  the  look  gates  of  a  canal  shut. 

Modulus ;  a  datum  serving  as  a  means  of  comparison.    Same  as  constant  or  coefficient. 

Modulus  o/ elasticity  ;  see  p  4346.  Modulus  of  Rupture.  p486. 

Moment ;  tendency  of  force  acting  with  leverage.     See  p  335. 

Moment  of  inertia.    See  p  486. 

Moment  of  rupture,  or  of  bending;  the  tendency  which  any  load  or  force  exerts  to  break  or  bend  a 
body  by  the  aid  of  leverage.  Its  amount  is  found  in  foot-pounds  by  multiplying  the  force  iu  to,  by 
the  leugth  or  leverage  in  feet  between  it  and  that  part  of  the  body  upon  whioh  the  tendency  is  exerted, 

Moment  of  stability.    See  Art  69.  of  Force  in  Rigid  Bodies. 

Monkey ;  the  hammer  or  ram  of  a  pile-driver. 

Monkey-wrench,  or  screw-wrench ;  a  spanner,  the  gripping  end  of  which  can  be  adjusted  by  sansas 
of  a  screw  to  fit  objects  of  different  sites. 

Moorings;  fixtures  to  which  ships,  to,  oan  make  fast. 

Mortise;  a  hole  cut  in  one  piece,  for  receiving  the  tenon  which  projects  from  another  piece. 

Muck;  soft  surface  soil  containing  much  vegetable  matter. 

Mantins,  or  mullions ;  the  vertical  pieces  which  separate  the  panes  in  a  window-sash. 

Sailing -blocks ;  blocks  of  wood  inserted  in  walls  of  stone  or  brick,  for  nailing  washboards,  Ac,  to. 

Nave ;  the  main  body  of  a  building,  having  connecting  wings  or  aisles  on  each  side  of  it.  The  hah 
of  a  wheel. 

Newel;  the  open  space  surrounded  by  a  stairway. 

Newel-post ;  a  vertical  post  sometimes  used  for  sustaining  the  outer  ends  of  steps.  Also  the  large 
baluster  often  placed  at  the  foot  of  a  stairway. 

Nippers ;  pincers.    An  arrangement  of  two  curved  arms  for  catching  hold  of  anything. 

Normal;  perpendicular  to.     According  to  rule,  or  to  correct  principles. 

Nosing ;  the  slight  projection  often  given  to  the  front  edge  or  the  tread  or  a  step ;  usually  rounded. 

Nut,  or  burr ;  the  short  piece  with  a  central  female  screw,  used  on  the  end  of  a  screw-bolt.  4e,  far 
keeping  it  in  plaoe. 

Ogee ;  a  moulding  in  shape  of  an  S,  the  same  as  a  etma. 

Ordinate ;  a  line  drawn  at  right  angles  from  the  axis  of  a  carve,  and  extending  to  the  curve. 

Oscillate ;  to  swing  backward  and  forward  like  a  pendulum. 

Out  of  wind,  pronounoed  wynd ;  perfectly  straight  or  flat. 

Ovolo  ;  a  projecting  convex  moulding  of  quarter  of  a  circle ;  when  it  is  concave  it  is  a  oavetto,  or 
hollow. 

Packing  ;  tho  material  placed  in  a  stuffing-box,  ka,  to  prevent  leaks. 

Packing-pieces ;  short  pieces  inserted  between  two  others  whloh  are  to  be  riveted  or  bolted  together 
to  prevent  their  coming  in  contact  with  each  other. 

Pall,  or  pawl.    See  Ratchet. 

Parapet ;  a  wall  or  any  kind  of  fence  or  railing  to  prevent  persons  from  falling  off. 

Parcel ;  to  wrap  canvas  or  rags  round  a  rope. 

Purge ;  to  make  the  inside  of  a  flue  smooth  by  plastering  It. 

Patent  hammer;  a  hammer  with  several  parallel  sharp  edges  for  dressing  stone. 

Pay.    To  cover  a  surface  with  tar.  pitch,  Ac.     A  ship  word. 

Pay  out.    To  slacken,  or  let  out  rope. 

Pediment ;  the  triangular  space  in  the  face  of  a  wall  that  is  inelnded  between  the  two  sloping  sides 
of  the  roof  and  a  line  joining  the  eaves. 

Penstock.    See  Forebay. 

Pier ;  the  support  of  two  adjacent  arches.  The  wall  space  between  windows.  Ac.  A  atruotnre  built 
out  into  the  water. 

Pierre-perdue ;  lost  stone ;  random  stone,  or  rough  stones  thrown  Into  the  water,  and  let  Had  their 
own  slope. 

Pilaster;  a  thin  flat  projection  from  the  face  of  a  wall,  as  a  kind  of  ornamental  substitute  Car  » 
column. 

Pile-planks;  planks  driven  like  piles. 

Pillow-block,  or  plummer.block ;  a  kind  of  metal  ehalr  or  sepport,  upon  which  the  journal*  of  her- 
Ixontal  shafts  are  generally  made  to  rest,  and  on  whioh  they  revolve. 

Pinion;  a  small  cog- wheel  whloh  gives  motion  to  a  larger  on*. 

Pintle ;  a  vertical  projecting  pin  like  that  often  placed  at  the  tops  of  crane-posts,  and  over  which 
the  holding  rings  at  the  tops  of  the  wooden  guys  St.  Also,  such  as  is  used  tor  tho  hinges  of  rudders. 
or  of  window-shutters  to  turn  around. 
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Pitch  ;  the  slope  ol  a  roof,  ftc.  The  distance  from  center  to  eeoter  of  the  teeth  of  a  eog  wheel,  or 
the  threada  or  a  screw.    Boiled  tar.    Also  the  diet  apart  of  rivets,  &e. 

Pitman;  a  oonneoting-rod  for  transmitting  motion  from  a  prime  mover  to  machinery  at  a  diatanee, 
moved  by  it. 

Pit-ttbto  ;  a  large  aaw  worked  vertically  by  two  men,  one  of  whom  (the  pitmauj  stands  in  a  pit. 

Pivot ;  the  lower  end  of  a  vertical  revolving  shaft,  whether  a  part  of  the  shaft  .itself,  or  attached  to 
it.  It  should  be  Hat;  and  both  it  and  the  step  or  socket  upon  which  it  rests  should  be  of  hard  steel. 
If  a  steel  pivot  has  to  revolve  rapidly  aud  continuously,  it  is  well  to  proportion  its  diam,  so  as  not  to 
have  to  sustain  more  than  250  lbs  per  sq  inch ;  otherwise  it  will  wear  quickly.  Dust  and  grit  should 
for  the  same  reason  be  carefully  guarded  against.  Pivots  which  revolve  but  seldom,  and  slowly,  as 
those  of  a  railroad  turntable,  may  be  trusted  with  half  a  ton.  or  even  a  whole  ton  per  sq  inch.  As  a 
rude  rule,  cast-iron  pivots  should  not  be  loaded  with  more  than  half  as  much  as  steel  ones.  A  steel 
one  may  be  welded  to  the  foot  of  its  east- iron  shaft;  or  may  be  inserted  part  way  into  it;  and  the 
whole  strengthened  by  iron  bands  shrunk  on. 

Planish  ;  to  polish  metals  by  rubbing  with  a  hard  smooth  tool. 

Plaut;  the  outfit  of  machinery,  &o,  necessary  for  carrying  on  any  kind  of  work. 

Plaster-bead ;  a  small  vertical  strip  of  iron  or  wood  nailed  along  projecting  augles  in  rooms,  ttr 
protect  the  plaster  at  those  parts. 

Platband ;  a  plain,  flat,  wide,  slightly  projecting  strip,  generally  for  ornament.  When  nat  row,  it 
Is  called  a  fillet. 

PUert ;  a  kind  of  plnoers. 

Plinth ;  the  square  lowest  member  of  the  base  of  a  column  or  pillar. 

Plug ;  a  piece  inserted  to  stop  a  hole.     Screw-ping,  a  plug  that  is  screwed  into  a  hole. 

Plumb;  vertical. 

Plummet,  or  plumb-bob ;  a  weight  at  the  lower  end  of  a  string,  for  testing  vertieality. 

Plunger;  a  kind  of  solid  piston,  or  one  without  a  valve. 

Point;  a  kind  of  pointed  chisel  for  dressing  stone.  To  put  a  finish  to  masonry  by  touching  up  the 
cater  mortar  joints.    To  dress  stone  with  a  point  and  mallet. 

Pole-plate  ;  a  longitudinal  timber  resting  on  the  ends  of  tie-beams  of  roofs ;  and  for  supporting 
the  feet  of  the  common  or  jack  rafters,  when  such  are  used. 

Port;  the  opening  or  passage  controlled  by  a  valve. 

Prime  ;  to  put  on  the  first  eoat  of  paint.  Priming  also  is  when  water  passes  into  a  steam  cylinder 
along  with  the  steam.  . 

Projection.  If  parallel  straight  lines  be  imagined  to  be  drawn  in  any  one  given  direction,  from 
every  point  in  any  surface  s.  whether  flat,  curved,  or  irregular,  then  if  all  these  lines  be  supposed  to 
be  intersected  or  ent  by  a  plane,  either  at  right  angles  to  their  direction,  or  obliquely,  the  figure 
which  their  cross-section  thus  made  would  form  upon  said  plane,  is  called  the  projection  of  the  sur- 
face s.  If  such  lines  be  supposed  to  be  drawn  from  a  person's  face,  in  a  direction  in  front  of  him, 
and  to  be  cut  by  a  plane  at  right  angles  to  their  direction,  their  projection  on  the  plane  would  be  the 
person's  full-face  portrait.  If  the  lines  be  drawn  tideway  from  bis  face,  the  projection  will  be  his 
profile  The  projection  of  a  globe  upon  a  flat  plane,  will  evidently  be  a  circle  if  the  plane  cuts  the 
lines  at  right  angles  ;  and  an  ellipse  if  it  cuts  them  obliquely.  Shadows  east  by  the  sun  are  projec- 
tions. .  ...  «  .. 

Puddle  ;  earth  well  rammed  Into  a  trench,  Ac,  to  prevent  leaking.  A  process  for  converting  east 
Iron  into  wrought  by  a  puddling  furnace. 

Ptiq-mill ;  a  mill  for  tempering  clay  for  bricks  or  pottery.  ftc. 

PtUlev  ;  a  eircular  hoop  whieh  carries  a  belt  in  machinery. 

Puppet ;  in  machinery,  a  small  short  pedestal  or  stand.     Puppet-valve.  See  Valves. 

Purlin* ;  the  horizontal  pieces  placed  on  rafters,  for  supporting  the  roof  eoveriug. 

Piit-logs,  or  put-locks ;  horizontal  pieces  supporting  the  floor  of  a  scaffold ;  one  end  being  Inserted 
Into  put-log  hole*  left  for  that  purpose  in  the  masonry. 

^\asgmm§  •     fl    ^Tll  ftl*T 

Quoin:  the  hollow  into  which  a  quoin -post  of  a  canal  lock-gate  fits.  Stones,  usually  dressed,  placed 
along  the  vertical  angles  of  buildings,  chiefly  for  ornament. 

Quoin-pott ;  the  vertleal  post  on  which  a  lock-gate  turns.    The  heel-post. 

Rabbet,  or  rebate ;  a  half  groove  along  the  edge  of  a  board,  ftc.  See  16,  p  613,  of  Trusses,  where 
two  rabbet*  are  shown  overlapping  each  other. 

.Race;  the  channel  which  conducts  water  either  to  or  from  a  water-wheel:  the  first  is  a  head  race; 
the  last  a  tail  race.    The  waves  produced  by  the  meeting  of  strong  opposing  ourrents ;  also,  a  rapid 

^Idewav,  or  roost.  ....  .  .  j  *,.      <  . 

Mack  and  pinion  ;  the  rack  is  a  straight  row  of  cogs  on  a  bar,  and  called  a  rack-bar ;  and  the  pinion 
is  a  small  cog-wheel  working  into  it.  /moment  of  Inertia 


i  a  small  cog-wheel  working  into  it.  i" 

Radius  of  gyration.    See  Center  of  gyration.    Bad  of  gyr  is  =    I . 
RaaboU.     See  Jaz-splke.  \( 


Rag  bolt.    See  Jag.splfce.  \»     weight  of  body 

Rag-wheel,  or  Sprocket  wheel ;  one  with  teeth  or  pins  whieh  catch  into  the  links  or  a  chain. 

Ram ;  the  hammer  of  a  pile-driver.  ,•..,.*.#  *       a 

Random  stone ;  rip  rap,  or  rough  stones  thrown  promiscuously  Into  the  water,  to  form  a  founda- 
tion, Ac. 

Rasp  ;  a  coarse  flle. 

Ratchet  and  pall;  the  former  is  sometimes  a  straight  bar.  at  others  a  wheel:  In  either  ease  it  is 
furnished  with  teeth  between  which  the  pall  drops  and  prevent  backward  motion.  Used  for  safety 
in  hoisting  machinery.  Ac.    The  pall  is  sometimes  called  a  cliek. 

Ream.  A  hole,  wider  at  top  than  at  bottom,  (see  ltf,  p  613,  of  Trusses,)  through  which  a  screw, 
bolt,  Ac,  is  to  be  inserted,  so  that  its  head  shall  not  project  above  the  general  surface,  is  said  to  be 
teamed,  or  reamed  out;  or  to  be  countersunk. 

Rebate.    See  Rabbit,  above. 

Reciprocal  of  a  number  is  the  quotient  found  by  dividing  1  by  that  number. 

Reciprocating  motion.    See  A  Iteruating  motion . 
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Re-entering  angle  ;  an  angle  or  corner  projecting  Inward.    See  Salient,  below. 

Revetment ;  steep  facing  of  stone-to  the  side*  of  a  ditch  or  parapet  iu  fortification.  A  retainf  ng-wall. 

Rib ;  the  ourved  pieoea  which  foriu  the  arches  of  iron  or  wooden  bridge*,  Ac  Also,  tno«e  to  which 
the  outer  planking  of  a  sailing  vessel,  Ac,  are  fastened. 

Ridge  of  a  roof;  its  peak,  or  the  sharp  edge  along  its  very  top.    Has  various  similar  application*. 

Ridge-pole,  ridge-piece,  or  ridge-plate  ;  the  highest  horicontal  timber  in  a  roof,  extending  from  lop 
to  top  of  the  several  pairs  or  rafters  of  the  trusses ;  for  supporting  the  heads  of  the  jack-rafters. 

Right  and  left ;  a  look  which  in  its  proper  position  suits  one  flap  or  a  pair  of  folding  doors,  will 
not  suit  If  fastened  to  the  other  flap ;  nor  even  to  the  same  flap  if  required  to  open  to  the  right  in- 
stead of  to  the  left,  or  vice  versa,  according  to  whether  it  is  a  right  or  a  left-hand  lock.  And  so  with 
many  other  things,  as,  for  instance,  certain  arrangements  for  working  railway  switches,  Ac.  Right 
and  left  boots  and  shoes  are  a  familiar  illustration ;  also,  right  and  left  screws.  Therefore,  in  order- 
ing several  of  anything,  it  is  necessary  to  consider  whether  they  may  ail  be  of  the  same  pattern,  or 
whether  some  must  be  right-hand,  and  others  left-hand  ones. 

Right  shore  or  a  river ;  that  which  is  on  the  right  hand  when  descending  the  river. 

Right-solid  body ;  one  which  has  Its  axis  at  right  augles  to  its  base;  when  not  so,  it  is  oblique. 

Ring-bolt ;  a  bolt  with  an  eye  and  a  ring  at  one  end. 

Rip-rap.    See  Random  stone. 

Roadstead ;  anchorage  at  some  distance  from  shore. 

Rock-shaft ;  a  shaft  which  only  rooks  or  makes  part  of  a  revolution  each  way,  instead  of  revolving 
entirely  around. 

Rockwork;  squared  masonry  in  which  the  face  is  left  rough  to  give  a  rustic  appearance. 

Rubble ;  masonry  of  rough,  undressed  stones.  Scabbled  rubble  has  only  the  roughest  Irregularities 
knocked  off  by  a  hammer.  Ranged  rabble  has  the  stones  in  each  course  rudely  dressed  to  nearly  a 
uniform  height. 

Rundle,  or  round  ;  the  step  of  a  ladder. 

Rustic ;  much  the  same  as  rockwork. 

Saddle;  the  rollers  and  fixtures  on  top  of  the  piers  of  a  suspension  bridge,  to  aocommodate  ex* 
pansion  and  contraction  of  the  cables.  The  top  piece  of  a  stone  cornice  of  a  pediment.  Has  many 
other  applications. 

Sag  ;  to  bend  downward. 

Salient ;  projecting  outward.    See  Re-entering,  above. 

Sandbag;  a  bag  filled  with  sand  for  stopping  leaks. 

Scabble ;  to  dress  off  the  rougher  projections  of  stones  for  rubble  masonry,  with  a  stone-axe,  or 
scabbling  hammer. 

Scantling :  the  depth  and  breadth  of  pieces  of  timber;  thus  we  say,  a  scantling  of  8  by  10  ins,  Ac. 

Scarf;  the  uniting  of  two  pieces  by  a  long  joint,  aided  by  bolts,  Ac 

Scarp  f  a  steep  slope,    fa  fortification  the  inner  slope  of  a  ditch. 

Scotia  ;  a  receding  moulding  consisting  of  a  semi-circle  or  semi-ellipse,  or  similar  figure. 

Screeds ;  long  narrow  strips  of  plaster  put  on  horitontally  along  a  wall,  and  carefully  faced  out  of 
wind,  to  serve  as  guides  for  afterward  plastering  the  wide  intervals. between  them. 

Screw-bolt,  a  bolt  with  a  screw  cut  on  one  end  of  it. 

Screw-jack.    See  Jack. 

Screw-wrench.    See  wrench. 

Scribe ;  to  trim  off  the  edge  of  a  board,  Ac,  so  as  to  make  it  fit  closely  at  all  points,  to  an  Irregular 
surface.  The  lower  edges  of  an  open  caisson  are  scribed  to  fit  the  irregularities  of  a  rocky  river  bottom. 

Scroll;  an  ornamental  form  consisting  of  volutes  or  spirals  arranged  somewhat  in  the  shape  of  S. 

Scupper  nolle  ;  nails  with  broad  heads  for  nailing  down  canvas,  Ac. 

Scuppers  ;  on  shipboard,  holes  for  allowing  water  to  flow  off  from  the  deck  into  the  sea. 

Scuttle  ;  a  small  hatchway.    To  make  holes  in  a  vessel  to  cause  sinking. 

Sea-wail ;  a  wall  built  to  prevent  encroachment  of  the  sea. 

Secret  nailing  ;  so  nailing  down  a  floor  by  nails  along  the  edges  of  the  boards,  that  the  nail-heads 
do  not  show. 

Serve ;  to  wrap  twine  or  yarn,  Ac,  closely  round  a  rope  to  keep  it  from  rubbing. 

Set-screw,  or  tightening-screw ;  a  screw  for  merely  pressing  one  thing  tightly  against  another  at 
will ;  suoh  as  that  whioh  confines  the  movable  leg  of  a  pair  of  dividers  in  its  socket. 

Shackle,  or  clevis;  a  link  in  a  chain  shaped  like  a  U,  and  so  arranged  that  by  drawing  out  a  bolt 
or  pin,  whioh  fits  into  two  holes  at  the  ends  of  the  U,  the  ebatn  can  be  separated  at  that  point. 

Shaft ;  a  vertical  pit  like  a  well.    The  body  of  a  oolumn.    A  large  axle. 

Shank;  the  body  of  a  bolt  exclusive  of  its  bead.  The  long  straight  part  of  many  things,  as  of  an 
anchor,  a  key,  Ac. 

Shears,  or  shewn;  two  tall  timbers  or  poles,  with  their  feet  some  distance  apart,  and  their  top* 
fastened  together;  and  supporting  hoisting  tackle. 

Sheave;  a  wheel  or  round  block  with  a  groove  around  its  circumference  for  guiding  a  rope. 

Sheeting,  or  sheathing;  covering  a  surface  with  boards,  sheet  iron,  felt,  Ac. 

Shingle  ;  the  pebbles  on  a  seashore. 

Shoes  ;  certain  fittings  at  the  ends  of  pieces ;  as  the  pointed  iron  shoes  for  plies.  The  wall  shots 
into  which  the  lower  ends  of  iron  rafters  generally  fit,  Ac 

Shore  ;  a  prop. 

Shot ;  the  edge  of  a  board  Is  said  to  be  shot  when  it  is  planed  perfectly  straight. 

Shrink.  When  an  iron  hoop  or  band  Is  first  heated,  and  then  at  once  placed  upon  the  body  which 
it  is  Intended  to  surround,  it  shrinks  or  contracts  as  it  cools,  and  therefore  clasps  the  body  more  firmly. 
This  is  called  shrinking  on  the  hoop. 

Shuttle  ;  a  small  gate  for  admitting  water  to  a  water-wheel,  or  out  of  a  oanal  look,  Ae. 

Siding ;  a  short  pieoe  of  railroad  track,  parallel  to  the  main  one,  to  serve  as  a  passing- plana. 

Silt ;  soft  fine  mud  deposited  by  rivers.  Ac. 

Siphon  culvert;  a  culvert  built  la  shape  of  a  U,  for  carrying  a  stream  under  an  obstacle,  and  allow, 
ing  it  afterward  to  rise  again  to  its  natural  level.  The  term  la  improper,  inasmuoh  a*  the  principle 
of  the  siphon  is  not  involved. 

Shewback;  the  inolined  stone  from  which  an  aroh  springs. 

Skids ;  vertical  render*,  on  a  ship's  sides.     Two  parallel  timber*  tor  rolling  thing*  upon. 

Skirting;  narrow  boards  nailed  along  a  wall,  as  the  washboards  in  dwellings. 

Sledge;  a  heavy  hammer. 

Sleeper;  any  lower  or  foundation  piece  in  oontaot  with  the  ground. 

Sleeve;  a  hollow  cylinder  slid  over  two  pieces  to  hold  them  together. 
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Slide-bars,  or  slides;  bars  for  anything  to  slide  along;  as  those  for  the  cross-heads  of  piston-rods, 
Ac.     Often  called  guides. 

S&ngt ;  pieces  of  rope  or  chain  to  be  put  around  stones,  Ac,  for  raising  them  by. 

Slip ;  the  sliding  down  of  the  sides  of  earth-outs  or  banks.  A  long  narrow  water  space  or  dock 
between  two  wharf- piers. 

Slope-wall;  a  wall,  generally  thin  and  of  rubble  stone,  used  to  preserre  slopes  from  the  action  of 
water  in  the  banks  of  canals,  rivers,  reservoirs,  &c  ;  or  from  the  action  of  rain. 

Slot;  a  long  narrow  hole  cut  through  anything. 

Shtiee;  a  water-channel  of  wood,  masonry,  Ac;  or  a  mere  trench.  The  flow  is  usually  regulated 
by  •>  sluice-gate. 

Smoke-box;  in  locomotives,  that  space  in  front  of  the  boiler,  through  which  the  smoke  passes  to 
the  chimney. 

Snag  ;  a  lug  with  a  hole  through  it,  for  a  bolt. 

Socket ;  a  cavity  made  in  one  piece  for  receiving  a  projection  from,  or  the  end  of,  another  piece ;  as 
that  into  which  the  movable  leg  of  a  pair  of  dividers  fits. 

Soffit;  the  lower  or  underneath  surface  of  an  arch,  cornice,  window,  or  door-opening.  Ac. 

Solder;  a  compound  of  different  metals,  which  when  melted  is  used  for  uniting  pieces  of  metal  also 
heated.  Soft  solder  is  a  compound  of  lead  and  tin,  and  is  used  for  uniting  lead  or  tin.  There  are 
various  hard  soldera,  such  as  spelter  solder,  composed  of  copper  and  zinc,  for  uniting  iron,  copper,  or 
brass. 

Sole ;  that  lining  around  a  water-wheel  which  forms  the  bottoms  of  the  backets. 

Spandrel ;  the  space,  or  the  masonry,  Ac,  between  the  back  or  extrados  or  an  arch  and  the  roadway. 

Spanner;  a  kind  of  wrench,  consisting  of  a  handle  or  lever  with  a  square  eye  at  one  end  of  it ;  much 
used  for  tightening  up  the  nuts  upon  screw-bolts,  Ao.  The  ere  fits  over  or  surrounds  the  nnt. 

Spar;  a  beam ;  but  generally  applied  to  round  pieces  like  marts,  Ao. 

Spelter;  zinc. 

Spigot;  the  pin  or  stopper  of  a  faucet.    The  smaller  end  of  a  common  cast-iron  water  or  gas  pipe. 

Spindle ;  a  thin  delicate  shaft  or  axle. 

Splay;  to  widen  or  flare,  like  the  jambs  of  a  common  fireplace,  or  those  of  many  windows ;  or  like 
the  wing- walls  of  most  culverts. 

Splice;  to  unite  two  pieces  firmly  together. 

Springer:  the  lowest  stone  of  an  arch. 

Sprocket-wheel,  or  rag-wheel ;  one  with  teeth  or  pins  which  cntch  in  the  links  of  a  chain. 

Spur-wheel;  s,  common  cog-wheel,  in  which  the  teeth  radiate  from  a  common  cen,  like  those  of  a  spur. 

Square;  in  roofing;  100  square  feet. 

Square-head;  a  square  termination  like  that  upon  which  a  watch-key  fits  for  winding ;  or  that 
npon  which  the  eye  of  the  handle  of  a  common  grindstone  fits  for  turning  it,  Ac. 

Staging  ;  the  temporary  flooring  of  a  scaffold,  platform,  Ao. 

Stanchion  ;  a  vertical  prop  or  strut. 

Standing-bolt,  or  stud-bolt :  a  bolt  with  a  screw  cut  upon  each  end ;  one  end  to  be  screwed  perma- 
nently into  something,  and  the  other  end  to  hold  by  means  of  a  nut  something  else  that  may  be  re- 
quired to  be  removed  at  times. 

Stand-pipe.    See  p.  '196. 

Staple;  a  kind  of  double  pin  in  shape  of  a  U;  Its  two  Bharp  points  are  driven  into  timber,  and 
carved  part  is  left  projecting,  to  receive  a  hoop,  pin,  or  hasp,  Ac. 

Starling*  ;  the  projecting  up  and  down -stream  ends  or  cutwaters  of  a  bridge  pier. 

Stay;  variously  applied  to  props,  struts,  and  ties,  for  staying  anything  or  keeping  it  in  place. 

Stay-bolt*;  long  bolts  placed  across  the  Inside  of  a  boiler,  Ao,  to  give  it  greater  strength. 

Steam-chest ;  the  iron  box  in  locomotive  engines  and  others,  through  which  the  steam  is  admitted 
to  the  cylinders. 

Steam-pipe;  the  one  which  leads  steam  from  a  boiler  to  the  steam-chest. 

Step  ;  a  eavity  in  a  piece  for  receiving  the  pivot  of  an  upright  shaft ;  or  the  end  of  any  upright  piece. 

Stile*  ;  the  flat  vertical  pieces  between  and  at  the  sides  of  the  panels  in  doors.  Ac. 

Stock;  the  eye  with  handles  for  turning  it,  in  which  the  dies  for  the  cutting  of  screws  are  held. 

Stove-up,  or  staved,  or  upset;  when  a  rod  of  iron  is  heated  at  one  end,  and  then  hammered  end- 
wise so  that  that  part  becomes  of  greater  diameter  or  stouter  than  the  remainder.  The  heads  of  bolts 
are  frequently  made  in  one  piece  with  the  shank  in  this  way ;  and  the  screw  ends  of  long  screw-rods 
are  often  upset,  so  that  the  cutting  of  the  threads  of  the  screw  may  not  reduce  the  strength  of  the  bar. 

Strap;  a  long  thin  narrow  pieoeof  metal  bolted  to  two  bodies  to  hold  them  together.  A  strap- 
binge  is  a  strap  fastened  to  a  shutter,  Ac,  and  having  an  eye  or  a  pin  at  one  end  for  fitting  it  to  the 
other  part  of  the  hinge  which  is  attaohed  to  the  wall. 

Stratum  ;  a  layer,  or  bed ;  as  the  natural  ones  in  rooks,  Ac. 

Stretcher  ;  a  brick,  or  a  block  of  masonry  laid  lengthwise  of  a  wall.  A  frame  for  stretching  any 
thing  upon. 

Stretcher-course;  a  course  of  masonry  all  of  stretchers,  without  any  headers. 

Strike;  an  imaginary  horizontal  line  drawn  upon  the  inclined  faoe  of  a  stratum  of  rocks.  Thus, 
if  the  slates  or  shingles  on  a  roof  represent  inclined  strata  of  rocks,  then  either  the  ridge  or  the  eaves 
or  the  roof,  or  any  horizontal  line  between  them,  will  represent  their  strike.  The  inclination  is 
called  the  dip  of  the  strata;  and  the  strike  is  always  at  right  angles  to  it  by  compass. 

String  ;  variously  applied  to  longitudiual  pieces. 

String -board  ;  the  boarding  (often  ornamented)  at  the  outer  ends  of  steps  in  staircases.  It  hides 
the  horses,  as  the  inclined  timbers  which  carry  the  steps  are  called. 

String-course;  a  long  horizontal  course  of  brick  or  masonry  projecting  a  little  beyond  the  others; 
and  often  introduced  for  ornament. 

Stringer;  any  longitudinal  timber  or  beam,  Ao. 
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Strut ;  a  prep.    A  piece  tbat  sustains  compression,  whether  vertical  or  Inclined. 

Strut-tU,  or  tie-ttrut;  a  piece  adapted  to  sustain  both  teusiou  ami  coiuiire«*iou. 

Stub-end;  a  blunt  end. 

Stud ;  a  short  stout  projecting  pin.    A  prop.    The  vertical  pieces  in  a  stud  partition. 

Stud-bolt.    See  Staudiug-bolt. 

Stuffing  box;  a  small  boxing  on  the  end  of  a  steam  cylinder,  aud  surrounding  the  piston-rod  lifts) 
a  collar ;  or  in  other  positions  where  a  rod  is  required  to  move  backward  and  forward,  or  to  revolve* 
in  an  opening  through  any  kind  of  partition,  without  allowing  the  escape  of  steam,  sir,  or  water.  An, 
as  the  case  may  be.  The  box  is  filled  with  greased  hemp  or  other  packing,  whieh  is  kept  pressed  elosa 
around  the  moving  rod  by  means  of  a  top-piece  or  kind  of  cover  called  the  gland,  whieh  may  at 
sere  wed  down  more  or  less  tightly  upon  it  at  pleasure.    The  rod  passes  through  the  eland  also. 

Sumpt,  or  tump;  a  draining  well  into  which  rain  or  other  water  may  be  led  by  little  ditches  from 
different  parts  of  a  work  to  which  it  would  do  injury. 

Surbase ;  the  inside  horizontal  mouldings  just  under  a  wludow-sill.  Also  those  around  the  top  of  a 
pedestal,  or  of  wainscoting,  Ac. 

Swage,  or  ewedge ;  a  kind  of  hammer,  on  the  face  of  which  Is  a  semi-cyliudrical.  or  other  shaped 
groove  or  indentation ;  and  which,  being  held  upon  a  piece  of  hot  iron  and  struck  by  a  heavy  hammer, 
leaves  the  uhape  of  the  indeutation  upon  the  iron. 

Switch ;  the  movable  tongue  or  rail  by  which  a  train  is  directed  from  one  track  to  another. 

SwiveU ;  deviees  for  permitting  one  piece  to  turn  readily  in  various  directions  upon  auotber,  with- 
out danger  of  entanglement  or  separation.  At  13,  p  568,  of  Trusses,  is  a  tightening  swivel;  the 
castors  under  the  legs  of  heavy  furniture  are  swivelled  rollers. 

Synclinal  axis  ;  in  geology,  a  valley  axis,  or  one  toward  whieh  the  strata  of  rocks  slope  downward 
from  opposite  directions.    The  line  of  the  gutter  in  a  valley  roof  may  represent  such  an  axis. 

r« ;  pieees  of  metal  in  that  shape,  whether  to  serve  as  straps,  or  for  other  purposes.  So  also  with 
L'a.  S's,  Ws,  -pa,  Ac.    See  Hgs  to  Welded  Iron  Tubes,  p  405. 

Tackle  ;  a  combination  of  ropes  and  pulleys. 

Talus ;  the  same  as  batter. 

Tump ;  to  fill  up  with  sand  or  earth,  Ac,  the  remainder  of  the  bole  In  whieh  the  powder  has  been 
poured  for  blastinc  rook.     To  compact  earth  generally,  as  under  cross-ties,  Ae. 

Tap;  a  kind  of  screw  made  of  hard  steel,  and  having  a  square  head  which  may  be  grasped  by  a 
wrench  for  turning  it  around,  and  thus  forcing  it  through  a  hole  around  the  inside  of  whieh  it  cuts  aa 
interior  screw.    To  strike  with  moderate  force.    To  make  an  opening  in  the  aide  of  any  vessel. 

Tappet;  a  pin  or  short  arm  projecting  from  a  revolving  shaft;  or  from  an  alternating  bar,  and  in- 
tended to  come  into  contact  with,  or  tap,  something  at  each  revolutiou  or  stroke. 

Teeth ;  or  cogs  of  wheels. 

Temper ;  to  change  the  hardness  of  metals  by  first  beating,  and  then  plunging  them  into  water, ott, 
Ac.    To  mix  mortar,  or  to  prepare  clay  for  bricks,  Ac. 

Templet:  the  outline  of  a  moulding  or  other  article,  out  out  of  sheet  metal  or  thin  wood,  to  serve 
as  a  pattern  for  stonecutters,  oarpenters,  Ao. 

Tenon :  a  projecting  tongue  fitting  into  a  corresponding  cavity  called  a  mortise. 

Terra  cotta ;  baked  clay.    Briek  is  a  coarse  kind. 

Thimble ;  an  iron  ring  with  its  outer  face  curved  into  a  eontlnuou*  groove.  A  rope  being  doubled 
around  this  and  tied,  the  thimble  act*  as  an  eye  for  it,  and  prevents  that  part  of  tbo  rope  frtm  wear- 
ing.  Also,  a  short  piece  of  tube  slid  over  another  pleee,  or  over  a  rod,  Ac,  to  strengthen,  a  joint,  Ao. 

Thread :  the  continuous  spiral  projection  or  worm  of  a  screw. 

Through- Hone;  a  stone  that  extends  entirely  through  a  wall.  , 

Throw ;  the  radius,  or  distance  to  whieh  a  crank  "throws  out "  Us  arm.  Applies  in  the  same  way 
to  lathes.  Some  use  it  to  express  the  diameter  instead  of  the  radius.  To  avoid  miatakea,  the  terms 
"single"  and  "double"  throw  might  be  used. 

Tie ;  any  piece  that  sustains  tension  or  pull. 

Tio-etrtU  J.  a  piece  adapted  to  sustain  either  tension  or  compression. 

Tightning  ring.    See  14.  of  Figs  21>fj,  of  Trusses. 

Tightnlng-tcrew.    See  Set-screw. 

Tire ;  the  iron  ring  placed  around  the  outer  eireomferenoe  of  the  felloe  of  a  wheel. 

Toggle  joint.  In  Fig  16,  of  Force  in  page  32V.  suppose  «  m  and  a  a  to  he  two  stiff  ban,  Macau 
together  at  a.  It  is  plain  that  if  we  press  downward  at  «.  the  r*»nlv*wtll  be  a  great  panning  fores 
against  any  bodies  placed  at  the  ends  m  and  ft.  8neh  an  arrangement  of  two  bars  for  produeiag  seek 
pressure  is  a  toggle-joint. 

Tongue ;  a  long  Blightly  projecting  strip  to  be  Inserted  into  a  corresponding  groove,  aa  in  toagaed 
and  grooved  floors. 

Tooling  :  dressing  stone  hv  means  of  a  tool  and  mallet ;  the  tool  being  a  ehisel  with  A  oattlag  edge 
of  I  to  2  inches  wide.     Tooling  is  generally  done  in  parallel  stripes  serosa  the  stone. 

Torue;  a  projecting  semi-circular,  or  semi-elliptic  moulding;  often  used  in  the  bases  of  oaluamo, 
It  is  the  reverse  of  a  seotta. 

Tratting-wheeU  i  in  a  locomotive,  those  sometime*  placed  behind  the  driving- wheels. 

Train  f  a  numbor  of  cog-wheels  working  into  eaeh  other. 

Tramway;  any  two  smooth  parallel  tracks  upon  wbioh  wheels  without  flanges  may  run.    la  raB 
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tramways  the  mils  themselves  hove  flanges;  but  in  wide  stouc  ones  'or  common  vehicles,  noneaie 
required. 

Transom;  a  beam  serosa  tbe  opening  for  a  door,  Ac.     Also,  a  horizontal  piece  dividing  a  high 
window  into  two  stories,  Ac.  Ac.    Also,  an  opening  above  a  door,  for  ventilation  or  light. 
Tread  ;  the  horizontal  part  of  a  step. 

Treadle;  a  kind  of  fool-lever,  tor  turning  a  lathe,  grindstone,  Ac,  by  the  foot. 
Treenail;  a  long  wooden  pin. 

Trimmer;  a  short  cross-timber  framed  into  two  joists  so  as  to  sustain  tbe  ends  of  intermediate 
Joists,  to  prevent  the  latter  from  entering  a  chimney-Hue.  or  interfering  with  a  window,  Ac 

Trip-hammer,  or  tilt-hammer;  a  large  hammer  worked  by  camb  machinery,  and  used  for  heavy 
Iron  work,  especially  for  hammering  irregular  masses  into  the  shape  of  bars,  Ac. 

Truck  ;  a  kind  of  small  wagon  consisting  of  a  platform  on  two  or  mere  low  wheels.  Also,  those 
frames  and  wheels  usually  placed  under  railroad  cars  and  engines,  and  which,  by  means  of  a  pintle 
connecting  tbe  two,  allow  them  to  vibrate  or  move  laterally  to  some  extent  independently  of  each  other. 

Trundle,  lantern-wheel,  or  wallower ;  used  instead  of  a  cog-wheel,  and  consisting  of  two  parallel 
circular  pieces  some  distance  apart,  and  united  by  a  central  axis,  and  by  cylindrical  rods  placed 
around  and  parallel  to  the  axis,  to  serve  instead  of  cogs  or  teeth. 

Trunk  ;  a  long  wooden  boxing  forming  a  water  obannel. 

Trunnions  ;  cyliudrical  projections,  as  at  the  sides  of  a  cannon,  forming  as  it  were  an  interrupted 
axle  or  shaft  for  supporting  the  cannon  on  its  carriage ;  and  allowing  it  to  revolve  vertically  through 
some  distance. 

Tumbler;  a  kind  of  spring  catch,  whioh  at  the  proper  moment  falls  or  tumbles  into  a  notch  or 
bole  prepared  for  it  in  a  piece ;  thus  holding  the  piece  in  position  until  the  tumbler  is  lifted  oat  of  the 
notch. 

Tumbling-hay;  see  "waste- weir." 

Tumbling-shaft ;  in  locomotives,  a  shaft  used  in  the  "  link  motion." 

TumhuckU;  variously  applied,  as  to  the  ordinary  fastenings  at  the  outer  face  of  a  wall,  for  hold 
lag  window-shutters  back  when  opened :  also,  to  the  tightening  swivel  at  13,  page  588,  of  Trusses,  Ac. 

TumtabU  ;  the  well-known  arrangement  for  turning  locomotives  at  rest.    See  page  791. 

Undermine;  to  exoavate  beneath  anything. 

Underpin;  to  add  to  the  height  of  a  wall  already  constructed,  by  exeavatinv  and  building  beneath 
it.     Also,  to  introduce  additional  support  of  any  kind  beneath  anything  already  completed. 

Upset.    See  Stove- up. 

Valves;  various  devices  for  permitting  or  stopping  at  pleasure  the  flow  of  water,  steam,  gas,  Ac. 
A  safstt  valve  is  one  so  balanced  as  to  open  of  itself  when  the  pressure  becomes  too  great  for 
safety.  A  slide  valvk  is  one  that  slides  backward  and  forward  over  tbe  opening  through  which  the 
flow  takes  place.  A  ball  valve,  or  spherical  valve,  Is  a  sphere,  which  in  any  position  8ts  the  open- 
ing. When  the  pressure  below  it  raises  it  off  from  its  seat,  it  is  prevented  from  rolling  away  by 
means  of  a  kind  of  open  caging  whioh  surrounds  it.  A  conical  or  puppet  valve  is  a  horizontal  slice 
of  a  cone,  whioh  fits  into  a  corresponding  conical  seat  made  in  the  opening.  In  rising  and  falling  it 
is  kept  in  position  by  a  vertical  valve-stem  or  spindle,  which  passes  through  its  center,  and  which 
plays  through  guide-boles  in  bridge-pieces  placed  above  and  below  the  valve.  A  trap,  clack,  flap. 
or  doos  valve,  is  a  plate  with  hinges  like  a  door.  When  two  such  valves  are  used,  with  their  hinged 
edges  adjacent  to  each  other,  so  that  in  opening  and  shutting  they  flap  like  the  wings  of  a  butterfly, 
they  constitute  a  butterfly  valve.  A  throttle  valve  is  one  which  when  closed  forms  a  partition 
across  a  pipe ;  and  opens  by  partially  revolving  upon  an  axis  placed  along  its  diameter.  A  rotary 
valve  works  like  a  common  stopcock.  A  shifting  valve  is  one  which  lets  out  steam  under  water ;  and 
is  so  called  from  the  sniftlng  noise  thereby  produced.  The  post  valve  is  the  sliding  one  which  ad- 
mits steam  from  the  steam-chest  into  the  cylinders.  A  double  seat,  or  double  beat  valve  is  a  pe- 
culiar one  with  two  seats,  one  above  the  other ;  and  so  arranged  that  the  pressure  of  steam  or  water 
against  it  when  shnt,  does  not  oppose  its  being  opened.  A  cup  valve  is  iu  shape  of  an  inverted 
cylindrical  cup,  with  a  length  somewhat  greater  than  itB  diameter.  Its  lower  or  open  edge  is  ground 
to  flt  the  seat  over  whioh  it  rests.  As  this  cup  rises  and  falls,  it  is  kept  in  place  by  a  cylindrical 
caging  closed  at  top,  and  having  for  its  sides  four  or  more  vertical  pieces,  against  the  inner  sides  of 
whioh  the  sides  of  the  cup  play.  A  check  valve  is  any  kind  so  placed  as  to  check  or  prevent  the 
return  of  the  fluid  after  its  passage  through  the  valve  into  the  pipe  or  vessel  beyond  it. 

Vault ;  an  arch  long  in  comparison  with  its  span.     The  space  covered  by  such  an  arch. 

Veneer;  a  very  thin  sheet  of  ornamental  wood  glued  over  a  more  common  variety. 

Wainscot :  a  wooden  facing  to  walls  in  rooms,  instead  of  plaster,  or  over  a  faoiug  of  plaster ;  usually 
not  more  than  S  or  4  feet  high  above  the  floor. 

Wales:  long  longitudinal  timbers  iu  the  sides  of  a  ship,  ooffer-dam,  caisson.  Ac. 

Wallow:  a  water-wheel,  Ac,  is  said  to  wallow  when  it  does  not  revolve  evenly  on  its  journals. 

Wallower.    See  Trundle. 

Wall-plate,  or  raising-plate  ;  a  timber  laid  along  tbe  tops  of  walls  for  the  roof  trusses  or  rafters  to 
rest  on,  so  as  to  distribute  their  weight  more  equally  upon  the  wall. 

Warped ;  twisted,  as  a  board,  or  the  face  of  a  stone,  Ac,  which  is  not  perfectly  flat.  To  warp  ;  to 
haul  a  vessel  ahead  by  means  of  an  anohor  dropped  some  distanoe  ahead.  To  flood  an  extent  of 
ground  with  water  for  a  short  time  to  increase  its  fertility. 

Washboards ;  boards  nailed  around  the  walls  of  rooms  at  the  floor,  so  as  to  prevent  injury  to  the 
plaster  when  washing  the  floors. 

Washers ;  broad  pieces  of  metal  surrounding  a  bolt,  and  plaoed  between  tbe  faces  of  the  timber 
through  whioh  the  bolt  passes,  and  the  head  and  nut  of  the  bolt,  so  as  to  distribute  the  pressure  over 
a  larger  surface,  and  prevent  the  timber  from  being  crushed  when  the  bolt  is  tightly  screwed  up. 

Waste-weir;  an  overfall  provided  along  a  canal,  Ao,  at  whioh  the  water  may  discharge  itself  in 
case  of  becoming  too  high  by  rain,  Ac.    Sometimes  called  a  tumbling-bay. 

Watch-tackle  ;  ropes  running  in  different  directions  from  a  boat,  and  used  in  bringing  it  into  a 
desired  position. 
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Water-shed;  the  Moping  ground  from  whfeh  rain-water  descends  Into  a  stream. 

Water-table;  a  flight  projection  of  the  lower  masonry  or  brickwork  on  the  outside  of  a  wall,  an* 
teaching  to  a  few  feet  above  the  ground  aarface,  as  a  partial  protection  against  rain,  or  as  ornament. 

Ways ;  the  inclined  timbers  along  which  a  vessel  glides  when  being  launched. 

Weather-boards ;  boards  used  instead  of  bricks  or  masonry  for  theontsides  of  a  building,  or  bridge, 
Ac.  They  are' nailed  to  vertical  and  Inclined  indoor  timbers;  and  may  be  either  vertical  or  bor. 
When  hor,  tbey  are  so  placed  that  the  lower  edge  of  one  overlaps  the  upper  edge  of  the  one  below. 
When  vert,  their  edges  should  be  toagaed  and  grooved ;  and  narrow  slips  be  naiied  over  the  vert  joints, 
to  keep  oat  rain,  Ac. 

Weir,  or  wter;  a  dam.  or  an  overfall. 

Weld ;  to  join  two  pieces  of  metal  together  by  first  softening  them  by  beat,  and  then  hammering 
them  in  contact  with  each  other.    In  this  operation  flaxes  are  used. 

Welt;  see  "  butt-  joint" 

Wharf;  a  level  space  upon  which  vessels  lying  along  its  sides  can  discharge  their  cargoes ;  or  from 
which  they  can  receive  tbem. 

Wheel-base ;  the  distance  from  center  to  center  from  the  extreme  front  wheels,  to  the  extreme  hind 
ones  in  a  locomotive,  car,  Ac. 

Wicket;  a  small  door  or  gate  made  In  a  larger  one;  as  the  shuttle  or  valve  in  a  lock-gate,  for  letting 
out  the  water. 

Winch ;  a  handle  bent  at  right  angles,  and  used  for  turning  an  axis ;  that  of  a  common  grindstone. 

Wind.    See  Out  of  wind. 

Winders;  those  steps  (often  triangular)  in  a  staircase  by  which  we  wind,  or  torn  angles. 

Windlass;  tin  wheel  and  axle,  or  winch  and  drum,  as  often  used  in  common  wells.  Alse,  a  heft 
Bontal  shaft  on  shipboard,  by  which  the  auohor  is  raised ;  the  wiudlass  being  revolved  by  means  of 
wooden  levers  called  handspikes. 

Wing-dam  ;  a  projection  carried  out  part  way  across  a  shallow  stream,  so  as  to  force  all  the  water 
to  flow  deeper  through  the  ohannel  thus  contracted. 

Wings  ;  applied  in  many  ways  to  projections.  The  flanges  which  radiate  oat  from  a  gudgeon ;  and 
by  which  it  is  fastened  to  the  shaft.  Small  buildings  projecting  from  a  main  one.  The  wings  or 
flaring  wing- walls  of  a  culvert  or  bridge. 

Wing-walls  ;  the  retaining- walls  which  flare  out  from  the  ends  of  bridges,  culverts,  Ae. 

Wiper.    See  Gamb. 

Working-beam,  or  walking-beam  ;  a  beam  vibrating  vertically  on  a  rock-shaft  at  its  center,  a*  seen 
tn  some  steam-engines ;  one  end  of  it  having  a  connection  with  the  piston-rod ;  and  the  other  end  with 
a  crank,  or  with  a  pump-rod,  Ac. 

Worm;  the  so-called  endless  screw,  whioh  by  revolving  without  advancing  gives  motion  to  a  nog-  ' 
wheel  (worm-wheel),  the  teeth  of  which  catch  in  the  thread  of  the  screw. 

Wrench ;  a  long  handle  having  at  one  end  an  eye  or  jaw  whioh  may  catch  hold  of  anything  to  he 
twisted  or  turned  around,  as  a  screw-nut,  Ac.  When  it  has  a  jaw  which  by  means  of  a  screw  is 
adaptable  to  nuts,  Ao,  of  different  sices,  it  is  a  monkey-wrench,  or  screw-wrench. 


INDEX. 


« 

The  number*  refer  to  the  pages.    In  the  alphabetical  arrangement,  minor 
words, as  "and,"  "between,"  "in,"  "on,""  through,"  Ac,  are  neffleeteil. 
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Abrasion 

of  cement,  678. 

by  streams,  279/,  633,  Ac. 
Absorbent   bodies,  specific   gravity  of, 

381. 
Absorbents  for  nitro-glycerine,  662, 664. 
Absorption  by  bricks,  671. 
Abutment,  Abutments, 

of  arch,  697. 

batter  of,  699. 

courses  in,  inclination  of,  359, 700. 

of  dams,  286. 

foundations  for,  633,  Ac. 

line  of  thrust  in,  369,  700. 

masonry,  quantity  in,  703. 

piers,  699. 

to  proportion,  697. 

rubble,  dimensions,  rule,  698. 

thickness  of,  rule,  697. 
Acceleration  810. 

of  gravity,  268,  311,  312,  362-364. 

on  inclined  planes,  363. 
Acid  fumes,  effect  of,  on  roofs,  428. 
Acre,  Acres, 

area  of,  389. 

required  for  railroads,  722. 

surveying,  168. 
Action  and  re-action,  309. 
Adhesion 

of  cement,  677. 

of  glue,  466,  824. 

of  locomotives,  374a,  808,  809. 

of  mortar,  670. 

of  nails  and  spikes,  4256,  762. 
Adjustment 

of  box  sextant,  196. 

of  clinometer,  206. 

of  compass,  196. 

of  error  in  survey,  168,  Ac 

of  hand  level,  206. 

of  level,  202. 

of  plumb  level,  206. 

of  slope  instrument,  206. 

of  theodolite,  193. 

of  transit,  191. 
Adjutages,  Dow  through,  269. 


Admiralty  knot,  387. 
Air,  216. 

buoyancy  of,  234. 

compressed,  216,  648,  658. 
breathing,  215,  648,  Ac. 
in  diving  bells,  216. 
in  foundations,  647. 
in  rock-drills,  658. 

compressors,  658. 

lock,  648. 

in  pipes,  297. 

pressure.  215. 
barometer,  leveling  by,  207. 
of  compressed  air,  215, 648,  Ao. 

slacking,  669. 

in  tunnels,  754. 

valves,  297. 

ventilation,  quantity  required,  215. 

vessel,  298. 

weight,  215,  381. 

wind,  2161 
Alcohol,  weight,  381. 
Alioth,  178, 179. 
Alligation,  36. 
Alphabet,  Greek,  818  a. 
Altitude.    See  Height. 
Aluminum,  weight,  381. 
Anchorages  of  suspension  bridges,  690 
Aneroid  barometer,  207. 
Angle,  Angles,  54. 

acute,  54. 

adjacent,  64. 

alternate,  55. 

arc,  angle  subtended  by,  141k 

to  bisect,  56. 

blocks,  of  Howe  truss,  694. 

in  a  circle,  56. 

chords  subtending,  106. 

complement  and  supplement  of,  66, 

contiguous,  64. 

co-secants  of,  69. 

cosines  of,  59, 60. 

co-versed  sines  of,  69. 

defined,  54. 

deflection,  725  o,  726-731. 

degree,  decimals  of,  mlns  Ac  in.  61. 

of  direction,  616. 

to  draw  a  given  angle,  66. 
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Angle,  Angles— con  tinned, 
to  draw  a  right  angle,  65. 
exterior,  interior,  Ac,  56. 
of  Motion  fll&g&b,  371. 
frog,  781,  785,  Ac. 
given,  to  draw,  56. 
interior,  exterior,  Ac,  55. 
iron,  441,  442,  625. 
limiting,  of  resistance,  355. 
of  maximum  pressure,  687. 
to  measure 

with  the  hand,  Ac,  58. 

with  the  sextant,  114. 

with  the  tape.  line,  114. 

with  the  two-foot  rule,  Ac,  58. 
minutes  and  seconds  in  decimals  of  a 

degree,  57. 
obtuse,  64. 
opposite,  55. 
in  a  parallelogram,  57. 
in  pipes,  256. 

{dates  for  rail-joints,  764. 
n  polygons,  110. 

of  reflexion,  255. 

of  repose,  353. 

of  resistance,  limiting,  353,  355. 

right,  to  draw,  55. 

rule,  2-ft,  to  measure  by,  58. 

secant,  69. 

seconds  in  decimals  of  a  deg,  57. 

in  a  segmept,  56. 

in  a  semicircle,  56. 

sines,  59. 
table,  60. 

of  sliding.  353,  355. 

of  slope,  724. 

on  sloping  ground,  113. 

subtended  by  arc,  141 6. 

supplement  and  complement  of,  66. 

switch,  773. 

tangent  of,  59.  60. 

tangential,  7256,  726-728. 

in  triangles,  110,  Ac. 

versed  sines  of,  69. 

vertical,  66. 
Angular  velocity,  365. 
Animal  power,  377. 
Anthracite 

heat  from,  212. 

for  locomotives,  809,  Ac. 

weight  of,  381, 389. 
Annual  earnings,  expenses,  Ac.  See  Kara 

ings,  Expenses,  Ac. 
Anti-friction  rollers,  374a,  792,  Ac. 
Antimony 

strength,  464. 

weight,  381. 
Anti-resultant,  322,  Ac. 
Apertures 
contiguous,  flow  through,  261. 
flow  through,  257,  Ac. 
shape  of,  effect  on  flow,  260. 
in  thin  partition,  260. 
Apex,  apex  distance,  725  o. 
Apothecaries'  measure,  390,  391. 
Apothecaries*  weight,  387. 
Application  of  force,  308,  .°>18e,  Ac. 
direction  of,  308,  318  e,  Ac. 


Application  of  force— continued. 

point  of,  309. 318/,  Ac 
Approach,  Velocity  of,  267  g. 
Aqueduct,  Aqueducts, 
flow  in,  268. 
Kntter's  formula,  271. 
Pittsburgh,  624. 
Arc,  Arcs, 
circular,  141. 
angles  subtended  by,  141  6. 
center  of  gravity  of,  351  a. 
chords  of,  105, 141. 
co-eecant,  59. 
cosine,  59. 
table,  60. 
co-versed  sine,  59. 
graduated,  189. 
large,  to  draw,  141  b. 
lengths  of,  141, 143, 145. 
ordinates  of,  141  a,  725  6, 726,  761, 78a 
radii  of,  141  a. 
rise  of,  141  a. 
secant,  59. 
sine,  69. 

table,  60. 
tables  of,  143-145. 
tangent,  59. 
table,  60. 
versed  sine,  59. 
elliptic,  149. 
circumference  of,  149. 
ordinates  of,  149. 
table,  150. 

tangent  to,  to  draw,  150. 
parabolic,  152. 
semi-elliptic,  149. 
circumference  of,  149. 
ordinates  of,  149. 
table,  150. 
Arch,  Arches,  693. 
abutments  of,  697. 
back  of,  defined,  693. 
braced,  strains  in,  692. 
brick,  622,  709,  712. 
bridge,  693. 
cast-iron,  699. 
centers  for,  711. 
concrete,  681, 695, 696. 
crown  of,  defined,  693. 
derangement  of,  713. 
elliptic.  696,  Ac. 

joint  in,  to  draw,  150. 
existing,  dimensions  of,  69ft. 
extrados,  693. 
face,  693. 
foot,  693. 
intrados,  693. 
keystone 

defined,  693.  

depth  of,  rules,  693,  Ac,  695. 
lever,  principle  of,  applied  to,  342. 
line  of  pressure  in,  359,  Ac,  700. 
line  of  resistance  in,  359,  Ac,  700. 
line  of  thrust  in,  359,  Ac,  700. 
pressure  in,  694. 
pi-esaure,  line  of,  359,  Ac,  700. 
radius,  to  find,  694. 
rise  of,  693. 
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Arch,  Arches — continued. 

roof,  600. 

rabble,  681,  696. 

skewbnck,  693. 

soffit,  693. 

span,  693. 

spring,  693. 

stability  of,  369,  Ac 

stones,  693. 
chamfering,  714* 
pressure  in,  694. 
pressure  of,  on  centers,  718. 

voussoir,  defined,  693. 
Archimedes  screw,  379. 
Area 

of  a  circle,  to  find,  123. 
tables,  125-140. 

crippling,  of  rivet,  471. 

sectional,  of  flange  in  beams,  518,  521, 
537. 

sectional,  of  tnnnels,  754. 

sectional,  of  web,  in  beams,  518,  521, 
539,  540. 

of  surfaces.    See  the  surface  in  ques- 
tion. 
Arithmetic,  33-35,  Ac 

decimal,  34, 35. 
Arithmetical  progression,  36. 
Artesian  wells,  627. 
Artificial 

horizon,  195. 

islands,  651. 

stones,  466,  678,  681. 
Ascent.    See  Grade,  Height,  Slope. 

effect  of, 
on  power  of  horse,  375. 
on  power  of  locomotive,  808. 
Ash  wood 

strength,  434  e,  436, 463, 493. 

weight,  881. 
Ashlar  masonry,  cost  of,  667,  668. 
Asphaltum,  381,  672-673. 
Atlas  powder,  664. 
Atmosphere,  215.    See  Air. 

buoyancy  of,  234. 

in  tunnels,  754. 

ventilation, 
quantity  required  for,  215. 

weight  of,  215,  381. 
Augers  for  earth  and  sand,  626. 
Automatic 

frogs,  784,  785. 

switch-stand,  775. 
Average  pressure  of  steam,  809. 
Avoirdupois  weight,  387. 
Axis.    See  the  given  surface  or  solid 

of  buoyancy,  235. 

of  equilibrium,  235. 

of  flotation,  235. 

neutral,  479,  485,  487. 
to  find  position  of,  487. 

of  symmetry,  235. 
Axle 

car,  813. 

driving,  of  locomotive,  808. 

friction,  374d,  374e. 

standard  dimensions,  master  mechan- 
ics', 813.  :  > 


B. 

Back,  Backs, 
of  arch,  defined,  693. 
of  retaining  wall,  683,  Ac 
Backing  of  walls,  683. 
Backstays  of  suspension  bridges,  616; 

Ac. 
Bag-scoop  or  spoon,  632. 
Baggage  cars,  811. 

Bailing  by  bucket,  day's  work  at,  378. 
Baldwin  locomotives,  805-810. 
Ballast  for  railroads,  759. 

cost  of,  804.     . 
Balloon,  principle  of,  234. 
Balls,  weight  of,  398,  400,  410. 
Bar,  Bars, 
brass,  415. 
copper,  415. 
dredging,  631. 
iron,  weight  of,  400, 401. 
lead,  415. 
sand,  669. 
Barbed  fence,  80S. 
Barometer, 
aneroid,  207. 
effect  of  latitude  on,  207. 
leveling  by,  207. 
pressure  of  air,  215. 
Barrel,  contents  of,  390. 
Barrow.    See  Wheelbarrow. 
Base,  wheel*,  of  locomotives,  Ac,  546, 

729,  731,  805,  Ac. 
Batter 
of  abutments,  699. 
of  retaining  walls,  685,  Ac. 
Battered  walls,  685,  Ac 
Beam,  Beams, 
angle  iron,  525. 
box,  537. 
breaking  loads,  constants,  491-498. 

formula,  488. 
cast-iron 
modifications  in  sections  of,  518. 
strength  of,  519,  Ac 
channel,  521,  Ac. 

as  pillars,  441,  442. 
closed,  485. 

concrete,  strength  of,  682. 
constant 
for  breaking  loads,  491-493. 
for  deflection,  506, 507,  509. 
continuous,  515. 
curved  beams,  484. 
curved  flanges,  530. 
cylindrical,  492, 497, 603, 611,  516. 
deck,  621. 

deflations  of,  499,  605«-4l3. 
comtant  for,  606-609. 
dimensions  for  a  given,  508,  510. 
load  for  a  given,  ou5a,  c08.  Ac,  610, 
rulfs  for,  506a-oll. 
under  sudden  loading.  434/,  499. 
table,  499,  600. 
dimensions  of 
to  find,  497. 

for  a  given  deflection,  608,  610. 
elastic  limit  in,  606. 
elasticity,  modulus  of,  434c 
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Beam,  Beams— continued, 
flanges  of 
curved,  630. 
oblique,  630. 
strains  in,  62°,  637. 

S unite,  604. 
origkinson's,  618. 
hollow,  strength  o^  614. 
I  aud  channel,  621,  Ac. 

brick  arohes  with,  522. 

deflections  of,  6056,  622. 

as  pillars,  strength  of,  441, 442. 

for  railroad  bridges,  624. 

separators  for,  623  b,  d, 

steel,  623  c. 
inclined,  341, 496. 
Iron 

angle,  626. 

breaking  loads,  table,  60S. 

cast,  618,  619. 

flanges,  strains  in,  629,  537. 

loads,  table  of,  502. 

rolled,  521,  Ac.  See  also  Beam*  I,  Ac. 

safe  loud*  and  deflections,  600. 

and  steel,  loads,  table,  612, 613  623,6c 

T,  625. 

wrought,  521,  Ac.    See  Beams  I. 
irregularly  loaded,  496. 
lever,  principle  of.  applied  to,  340. 
limit  of  elasticity  in,  605. 
loads  on,  486.  See  also  Beams,  Strength, 

applied  irregul  wly,  496. 

applied  suddenly.  431/,  499. 

constants  for,  491, 493. 

formula,  4*8. 

for  a  given  deflection,  605  a,  508, 510. 

within  limit  of  elasticity.  505.* 
longitudinal  sections  of  495. 
modulus  of  elasticity,  434  c. 
moments  in,  478-489, 528,  Ac,  637,  Ac 
open,  528. 
plate,  537. 
resistance  of,  484* 
riveted,  537. 
rolled.     See  Beams  I,  Beams  Channel, 

Ac. 
shearing  strains  in,  532. 
of  solid  cross-section,  484. 
to  splice,  010. 
square,  on  edge,  494. 
steel  and  iron,  loads,  table,  612, 523,  Ac. 
stone,  493,  604. 
8t rains  in  flanges  of,  629, 537. 
strains  in,  shearing  or  vertical,  632. 
strains  in,  vertical,  532. 
strength  of,  478,  Ac,  493.     See  also 
Beams,  Loads  on. 

affected  by  methods  of  supporting 
and  loading,  494, 496. 

when  loaded  irregnlnrly,  496. 

practical  methods  for  finding,  491, 
Ac. 
suddenly  loaded,  434/,  499. 
T-iron,  525. 
with  thin  webs,  528. 
tie-,  561,  Ac. 

timber.    See  Beams,  Wooden, 
tubular,  strength  of,  616. 


Beam,  Beams— continued. 

vertical  strains  in,  532. 

wooden 
deflections,  table,  499. 
loads,  tables,  499,  502,  512,  613. 
for  railroad  bridges,  614. 
Bearing  piles,  641. 
Bearing  power  of  soils,  684,  644. 
Bearing  and  reverse  bearing,  171. 
Beech-wood,  strength,  434e,  436. 463.493. 
Bell 

diving,  pressure  in,  215, 648,  Ac 

joint  for  pipes,  296. 
Belts,  leather,  strength  of,  466. 
Bending 

of  beams,   rules   for,    505-518,      See 
Beams,  Deflections  of. 

rails,  ordinates  for,  761. 
Bends  in  pipes,  256. 
Bents  in  trestles,  766. 
Bessemer  steel  ties,  760. 
Beton  concrete,  678,  681. 
Beveled  joints  for  rails,  763. 
Birch,  strength,  434e,430,  463,  493, 
Birmingham  gauges,  410,  411. 
Bismuth, 

strength,  464;  weight,  381. 
Bitumen,  weight,  381. 
Bituminous  coal, 

for  locomotives,  809,  Ac. 

weight  of,  381,  389. 
Black  prints,  432  d. 
Blake  stone-crusher,  680. 
Blasting,  661-666,  754. 
Bled  timber,  strength  of,  463. 
Blocks,  concrete,  679,  681. 
Blue  prints,  432  a. 
Board  measure,  table,  420. 
Boat,  canal,  376. 
Bodies,  Body.    See  the  body  In  question. 

absorbent,  specific  gravity  of,  381,  384 

center  of  gravity,  348,  Ac. 

defined,  306. 

expansion  of,  by  heat,  218. 

falling,  258,  362. 

floating.  234,  Ac. 

mass  of,  312. 

regular,  volumes,  Ac,  of,  154. 

rigid,  force  in,  306. 

rotating,  365. 

specific  gravity  of,  380. 

strength  of,  434-526. 

vibrating,  864. 

weight  of,  380. 
Boiler, 

incrustation  of,  top  of  218. 

iron,  402, 464. 

pressure,  809,  Ac. 

thickness  for,  233. 

tubes,  406. 
Boiling-point,  218, 217. 

leveling  by,  209. 
Boll  man  truss,  586,  603. 
Bolster  plates,  514,  524,  644* 
Bolts,  406. 

copper,  strength  of,  408. 

expansion,  407. 

iron,  table,  408,  409. 
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Boltl 


Boltless  nil-joint,  787. 
Boring 

Artesian  wells,  627. 
angers  for  earth,  696, 627. 
test,  626,  683. 
wells,  626. 
Borrow-pits,  to  measure,  155, 156. 
Bottom, 

heading,  754. 

of  stream,  scouring  action  on,  279/. 

velocity,  268. 
Bowstring 

centers,  717. 

truss,  strains  in,  568. 
Box 

beams,  537. 

cars,  811. 

center,  of  turntable,  792. 

drains,  707. 

girders,  537.  ' 

sextant,  194. 
Boxed  timber,  strength  of,  463. 
Braced  arcb,  strains  in,  592. 
Bracing, 

counter,  549, -564,  714. 

lateral,  542,  610;  sway,  543. 
Brad  spikes,  762. 
Brake  friction,  374,  Ac 
Branches  in  pipes,  296. 
Brandt  drill,  652. 
Brass 

balls,  weight  of,  416. 

bars,  415. 

compressibility  of,  434  s. 

ductility  of,  434  e. 

effect  of  cement,  mortar,  Ac,  on,  670, 
673. 

effect  of  water  on,  218. 

elastic  limit  of,  434a, 

expansion  by  heat,  212. 

friction  of,  373. 

modulus  of  elasticity,  434  e. 

pipes  and  tubes,  seamless,  417. 

sheets,  415. 

strength  of,  438, 464,  493. 

stretch  of,  434  s. 

tubes,  seamless,  417. 

weight  of,  381,  398-400,  401,  410,  415. 

wire,  410, 412. 
Breaker,  stone,  68a 

Breaking.    See  also  Strength  of  Mate- 
rials, Ac. 

loads  for  beams,  constants  fur,  491.    See 
Beams. 

moment,  479-484. 
Breathing, 

air  consumed  in,  215. 

in  diving-bells,  215,  648. 
Brick,  Bricks,  670,  671. 

absorption  of  water  by,  671. 

adhesion  to  cement,  677. 

adhesion  to  mortar.  670. 

arches,  522.  709,  712 

buildings,  cost  of,  668. 

cylinders,  sinking  of,  650. 

dust,  669. 

friction  of,  373. 

laving,  671. 


Brick,  Bricks — continued, 
number  of,  in  a  sq  ft  of  wall,  671. 
strength  of,  437,  466,  493. 
weight  of,  381,  Ac 
work,  671,  Ac. 

cylinders,  sinking  of,  650. 

incrustations  on,  673,  678. 

rod  of,  English,  672. 

strength  of,  compressive,  437. 

water,  to  render  impervious,  672. 

weight  of  (under  Masonry),  383. 
Bridge,  Bridges.    See  also  Arch,  Beam, 
Girder,  Trestle,  Truss,  Ac 
arch,  693. 

cast-iron,  599. 

centers  fur,  711. 
brick,  709,  712. 

centers  for,  711. 
Brooklyn,  foundations,  649. 
camber  of,  607. 
cast-iron,  599. 
Chestnut  St,  Phi  la,  599. 
Kast  River,  foundations,  649. 
factor  of  safety,  607. 
false  works,  608. 
floor  girders  for,  610. 
girder,  537-546. 
iron,  cast,  599. 

iron,  wrought.    See  Trusses,  Ac. 
joints,  470,  611,  613. 
loads  on,  greatest  probable,  606,  623. 
loads  on.  moviug,  646,  664,  b05,  Ac. 
plate  girders,  537-546. 
repairs,  annual,  815. 
riveted  girders,  537-546. 
roadways,  drainage  of,  708. 
rollers,  expansion,  614. 
safety,  factor  of,  607. 
Severu  Valley,  599. 
stone,  693.    See  also  Arch. 

centers  for,  711. 
suspension,  615-625. 

cables  of,  412,  413,  615,  Ac. 
suspension  links,  614. 
swing,  593. 

friction  rollers  for,  798. 
truss,  547.    See  Truss. 
Whipple,  599. 
widths  of,  542,  609. 
Wissahickon,  Phila,  720. 
wooden.  514.    See  also  Truss,  Trestle, 
Ac. 
British 
Imperial  measure,  391. 
measures,  to  reduce  U  S  measures  to, 

and  vice  versa,  391. 
railroads,  miles,  Ac,  818. 
rod  of  brickwork,  389,  672. 
Broach  channeling,  65S. 
Broken 

bubble-tube,  to  replace,  193. 
cross-hairs,  to  replace,  193. 
joints,  763. 
pipes,  296. 

stone  (see  also  Rubble), 
foundation?,  634. 
voids  in,  380,  678, 761. 
Brokerage,  37. 
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Bronze 

weight,  381. 

phosphor,  wire,  strength,  464. 
Brooklyn  bridge,  foundations,  G49.    • 
Bruulee's  iron  piles,  647. 
Bubble-tube,  to  replace,  193. 
Buckled  plates,  409. 
Builder's  level,  to  adjust,  206. 
Building,  Buildings. 

coot  of,  per  cubic  foot,  668. 

repairs,  railroad,  815. 
Buoyancy 

of  air,  234. 

of  liquids,  234-256. 
Burleigh  rock-drill,  657. 
Burnettizing.  425a. 
Burnham's  frost-proof  tank,  80L 
Burr  trass,  001 . 
Bursting 

of  pipes,  234,  298,  303. 

pressure  in  pipes,  239. 
Bushel,  volume  of,  390. 
Butt-joint,  46a 
Buttresses,  692. 

c. 

Cable,  Cables, 

number  of  wires  in,  418. 

stays,  616. 

of  suspension  bridges, 
dimensions  of,  616. 
strains  in,  616. 
Caisson,  636. 

Brooklyn  bridge,  649. 
Calking,  295,  Ac. 
Camber  of  trusses,  607. 
Cambria  nut-lock,  765. 
Canal,  Canals, 

boats,  cost  of,  376. 

boats,  traction  of,  376. 

flow  in,  268,  Ac. 
Kutter's  formula,  244,  271. 

leakage  from,  222,  269. 

traction  on,  375. 
Cantilevers,  479-482,  494-496,  535,  503* 
Caps,  blasting,  665. 
Car,  Cars,  811,  812. 

axles  of,  812. 

derrick,  750. 

earthwork,  749. 

friction  of,  374c,  808,  812. 

pile-driver,  642. 

repair,  cost  of,  815. 

resistance  of,  374*,  808,  812, 

wheels,  765,  812. 

wrecking,  750. 
Carat,  386,  387. 
Carnegie 

beams  and  channels,  Ac,  523  e,  d. 

Z-bar  columns,  441,  454-456. 
Cart,  Carts. 

earthwork.  742,  Ac,  747. 

traction,  375. 
Cartridge,  dynamite,  663. 

rack-a-rock,  664. 
Cast-iron.    See  Iron,  Cast. 
Castelli's  quadrant,  269. 


Casting, 
rough,  674. 
safety,  770,  779. 

weight  of,  by  size  of  pattern,  398. 
Cattle-cars,  811. 
Cedar,  strength,  436,  463,  493. 
Ceiling,  weight  of,  563. 
Cellar  walls,  cost  of,  668. 
Cement,  673. 
abrasion  of,  678. 
brick-dust,  669. 
concrete,  678. 
expansion  of,  678. 
and  iron,  pipes  of,  294. 
for  leaks,  429,  431. 
moisture,  effect  on,  673. 
mortar,  676. 
setting  of,  674. 
in  stone  bridges,  701. 
strength  of,  437,  466,  493. 
weight  of,  382,  674. 
Center,  Centers, 
for  arches,  711. 
of  buoyancy,  235. 
of  circle,  to  find,  123. 
of  force,  347  i 
of  gravity,  348. 
of  gyration,  440. 
of  oscillation,  3<>5. 
of  percussion,  365. 
of  pressure,  227, 235, 847 1  700. 
Centigrade  thermometer,  213. 
Centimetre,  length  of,  392. 
cubic,  weights  per,  381. 
Central  forces,  368. 
Centrifugal  force,  368. 
Centripetal  force,  368. 
Chain,  Chains, 
Guuter's,  176. 
iron,  414. 
pump,  379. 
riveting,  470. 
surveying,  168, 176. 
of  suspension  bridges,  615. 
Chaining,  slope,  allowance  for,  113,  IT'S. 
Chair,  railroad,  767. 
Chalk, 
strength,  437. 
weight,  381. 
Chamfering  arch-stones,  714. 
Channel,  Channels, 
flow  in,  268. 

Kutter's  formula,  244, 271. 
iron,  521. 
as  pillars,  441, 442. 
Channeling  in  rock,  658. 
Charcoal,  weight,  381. 
Cherry-wood,  weight,  381. 
Chestnut  St  bridge,  Phila,  599,  636. 
Chestnut- wood, 
streugth,  434 «,  436, 463,  49ft. 
weight,  382. 
Chord,  Chords, 
of  arcs,  to  find,  141. 
in  circles,  124, 141. 
long,  725  c,  729. 
natural  (to  radius  1),  table,  106. 
of  trusses,  550,  588,  610, 612,  Ac 
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Churo-drilling,  651. 

Cippoletti  trapezoidal  notch,  2267/. 

Circle,  Circles,  123.    See  also  Circular. 

angles  in,  56. 

areas  of,  to  find,  123-140. 

center  of,  to  find,  123. 

center  of  gravity  of,  348. 

chords  in,  124, 141. 

circumference,  to  find,  123, 133, 140. 
tables  of,  125-140. 

diameter,  to  find,  123,  133, 14a 

to  draw,  123. 

great,  earth's,  144. 

radius  of,  123. 141a. 

tables,  125-140. 

tangent 8  to,  to  draw,  124. 
Circular 

arc,  141.    See  also  Arc. 
tables  of,  143-145. 

curves  for  railroads,  725a. 

inch,  389. 

lnue,  146. 

motion,  365. 

ordinates,  141  a. 
tables,  726,  728, 761,  786. 

rings,  146, 167. 

sector,  146. 
center  of  gravity  of,  351  c. 

segment,  146. 
center  of  gravity  of,  351  d. 
table  of,  147. 

spindle,  167. 

zone,  146. 
Circumference 

of  circle,  to  find,  123, 133, 14a 
tables,  125-140. 

of  ellipse,  149. 
Cisterns,  233,  800-803. 
City 

water-supply,  287. 
Civil  time,  895. 
Clamp,  Clamps, 

pouring,  for  pipe-joints,  294,  295. 

rod,  switch,  771. 
Clay, 

effect  on  mortar.  670. 

in  foundations,  634. 

loosening  of,  742. 

swelling  of,  by  absorption,  634. 
Clearing,  cost  of,  804. 
Clinometer,  206,724. 
Clock, 

to  regulate  by  star,  395. 

time,  395. 
Close  piles,  641. 
Cloth,  tracing,  433. 
Coal 

cars,  811. 

consumption  of,  by  steam-engines, 
806,  etc. 

corrosive  fumes  from,  403. 418. 

for  locomotives,  805-810. 

oil,  weight  (Petroleum),  383. 

ton  of,  volume  of,  389. 

weight  of,  381,  389. 
Cocks,  corporation,  299. 
Coefficient,  Coefficients.  See  Strength,  Ac. 

for  beams,  491. 


Coefficient,  Coefficients— continued. 

of  contraction,  261. 

for  deflection.  506,  507,  509. 

of  friction,  371. 

for  heads  and  pressures,  224. 

for  loads  within  elastic  limit,  505. 

of  resistance,  485. 

of  roughness,  244,  272,  273. 

of  rupture,  485. 

of  safety.    See  Safety,  Factor  of. 

of  torsion,  476. 

for  transverse  strength,  491. 
Coffer-dam,  636,  637,  Ac. 
Cog-wheels,  342. 
Cohesion,  463. 
Cohesive  strength,  463. 
Coignet  be  ton,  681. 
Coin,  Coins,  385  b,  386. 
Coke,  weight,  381. 
Cold, 

effect  on  cement,  675. 
on  ex  pi  ogive*.  661,  663. 
on  iron,  466  763. 
on  mortar,  672. 
on  trusses,  614. 
Collision,  318  c 
Color,  Colors, 

of  cement,  674,  678. 

draughtsmen's.  433. 
Columns  (pillars).    See  Pillars. 

water,  801. 
Combination,  36. 
Commercial 

measures,  size  of,  by  weight  of  water, 
391. 

weight,  387. 
Commission,  37. 
Compass, 

to  adjust,  195. 

variation  of,  196, 197. 
Compensating  reservoir,  290. 
Compensation  water,  290. 
Complement  and  supplement,  56. 
Component,  319,  Ac. 
Composition  of  forces,  319,  Ac. 
Compound 

curves,  725  c. 

interest,  37. 

levers,  342. 

proportion,  35. 
Compressed  air,  215,  648,  &c,  G58. 

gun-cotton,  664. 
Compressibility. 

of  air,  215. 

of  liquids,  236. 
Compressive  strength,  436,  Ac. 
Concrete,  678. 

beams  of,  strength  of,  682. 

beton  Coignet,  681. 

strength  of,  compressive,  437. 

under  water,  680. 

weight,  681. 
Concretions  in  pipes,  to  prevent,  292. 
Cone,  Cones,  160. 

center  of  gravity  of,  351  e,  g. 

frustum,  160  a. 
center  of  gravity  of,  351  e,  g. 
Conical  rollers,  792. 
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Conoid— Curve. 


Conoid, 

parabolic,  167. 

frustum  of,  167. 
Consolidation  locomotives,  546,  805-610. 
Constants.    See  Coefficients. 
Construction, 

railroad,  722. 
cost  of,  804. 
Consumption 

of  coal  by  steam-engines,  805,  etc 

of  fuel,  effect  of  grades  on,  810. 
by  locomotives,  808,  Ac. 
Contiguous  openings,  flow  through,  261. 
Continuous 

beams,  515. 

girders,  515. 
Contour  lines,  197. 
Contracted  vein,  258, 960. 
Contraction, 

coefficients  of,  261. 

by  cold,  212, 763. 

and  expansion  in  trusses,  allowance 
for,  614. 

incomplete,  259,  Ac,  263,  Ac 
on  weirs,  263,  Ac. 

of  outflow,  258,  260. 

of  rails,  763. 

of  water-way,  703. 
Contractor's  profit,  743. 
Contrary  flexure,  point  of,  515. 
Co-ordinates,  rectangular,  331. 
Copper 

bars,  415. 

balls,  weight  of,  416. 

compressibility  of,  434  e. 

cost  of,  415-417. 

ductility  of,  434  e. 

effect  of  cement,  mortar,  Ac,  on,  670, 
673. 

.  of  water  on,  218. 

elastic  limit  of,  434  a. 

expansion  by  heat,  212. 

modulus  of  elasticity,  434c 

pipes,  seamless,  417. 

roofs,  416. 

sheets,  415,  416. 

strength  of,  408,  438,  464, 476, 477. 

stretch  of,  434  e. 

tubes,  seamless,  417. 

weight  of,  382,  398,  399,  400,  401,  410, 
415,416. 
Cord  (funicular  machine),  325, 844. 

of  wood,  volume  of,  389. 
Cork,  weight,  382. 
Corporation  cocks  or  stops,  299. 
Corrosion, 

by  acid  fumes,  428. 

by  coal  fumes,  403,  418. 

of  timber,  prevention,  425. 

by  water,  218,  645. 
Corrugated  sheet-iron,  403. 
Co-secants,  59. 
Cosines,  59,  60. 

Cost  of  articles.    See  article  in  question. 
Co-tangent,  69. 
Counter-bracing,  549,  564. 

of  centers,  714. 
Counter-forts,  692. 


Counter-scarp  revetment,  692. 
Counter-sloping  revetment,  692. 
Couples,  347  d. 
Couplings  for  pipes  and  tubes,  294,  Ac, 

405. 
Courses  of  masonry,  inclination  of,  683. 

700. 
Cover  in  a  butt-joint,  469. 
Cover-plate,  545,  Ac. 
Co-versed  sines,  59. 
Cracks  in  pipes,  296. 
Creeping  of  rails,  763,  764. 
Creosote,  425,  769. 
Crescent  truss,  strains  in,  588. 
Crib,  Cribs,  635. 

coffer-dam,  638. 

dams,  cost  of.  285. 

foundations,  635. 
Crippling, 

of  beams,  478,  Ac. 

of  riveted  joints,  471,  Ac,  689. 
Cross-girts,  turntables,  792. 
Cro88-hairs,.to  replace,  193. 
Cross-section  paper,  4o3. 
Cross-ties,  759. 

cost  of,  804,  815. 
Crossings,  railroad,  repair,  annual,  816, 
Crowds,  weight  of,  606,  623. 
Crown 

of  arch,  defined,  698. 

(coin)  value  of,  385  b. 
Crumlin  viaduct,  756. 
Crusher,  stone,  680. 
Crushing 

loads,  43ft,  Ac. 

of  stone,  680. 
Cube,  Cubes,  41, 154, 155. 

center  of  gravity  of,  348,  Ac 

roots,  40. 
of  decimals,  to  find,  63. 
of  large  numbers,  to  find,  62. 
tables,  40. 
Cubic 

centimeter,  weights  per,  381. 

feet  per  second  and  gallons  per  day, 
conversion  tables,  394  d-h. 

foot,  equivalents  of,  389. 
weights  per,  381. 

inch,  equivalents  of,  389. 

measure,  389 ;  metric,  392. 

yards,  earthwork,  732,  Ac 

yard,  equivalents  of,  389, 
Culvert,  Culverts,  ' 

arches  for,  693. 

box,  707. 

foundations  of,  707. 

lengths  of,  702. 

quantity  of  masonry  in.  702,  Ac 
Curvature  of  the  earth,  table,  115. 
Curve,  Curves.    See  Arc,  Circle,  Ellipse 
Parabola,  Ac 

in  pipes,  255. 

railroad,  725  a. 
gauge  on,  729,  731. 
minimum  radius,  729,  731. 
tables  of,  726-731. 
in  tunnels,  754. 
in  turnouts,  786. 
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Ourved 

flanges,  5&>. 

profiles,  retaining  walls,  692. 
Curvilinear  motion,  366. 
Cuttings,  level,  732. 
Cycloid,  154. 

center  of  gravity  of,  361  d. 
Cylinder,  Cylinders,  156. 

brickwork,  hollow,  in  foundations,  660. 

center  of  gravity  of,  348,  Ac. 

contents,  table,  157,  '246,  Ac.,  390. 

in    foundations,  647,  650.      See    also 
Foundations. 

-frustum  of,  center  of  gmvity  of,  348,  Ac. 

iron,  foundations,  645. 
friction  of,  644. 

of  locomotives,  805,  Ac. 
masonry,  hollow  in  foundations,  660. 

plenum  process,  648. 

pneumatic,  6J7. 

pressure  in,  232. 
steam,  809,  Ac. 

sinking,  for  foundations,  Ac,  647-650. 

strength  of,  232,616. 

vacuum  process,  647. 
Cylindrical 

beams,  492, 497,  503, 511,  516. 
riveted  sheet-iron,  516. 

pillars,  441,  442, 443,  Ac 

unguis*  159. 
center  of  gravity  of,  3610. 
Gym*,  to  draw,  161. 

3D. 

Dam,  Dams,  279e,  282,  287. 

coffer,  G36,  637,  Ac. 

construction  of,  282, 636. 

discharge  over,  266. 

height  of  water  on,  267  e. 

leakage  through,  222,  288. 

pressure  on.  222,  Ac. 

stability  of,  229. 

trembling  in,  286  b. 

walls,  229,  Ac,  691. 
Day,  395. 
Dead 

load,  cars,  811. 
bridges,  664,  etc. 

oil,  425. 
Decagon,  110. 
Decimal,  Decimals,  34$  35.    See  Metric 

of  a  degree,  mins  aud  sees  in,  57. 

of  a  foot,  iuches  in,  table,  388. 

fractions  reduced  to,  34. 

roots  of,  53. 
Deck  beams,  521. 
Deflection,  Deflections, 

angle,  725  6,  726-731,  785. 

of  beams,  505  a,  Ac.  See  Beams,  Defls  of. 

distances,  tables,  725  b,  726-728. 

of  shafting,  510. 

of  suspension  bridges,  615. 

of  trusses  (camber),  607. 

of  turnouts,  785. 

of  turntables,  791,  Ac. 
Degree,  of  curvature,  725  a. 

of  latitude,  length  of,  144,  388. 


Degree— con  ti  nued. 

of  longitude,  length  of,  387,  388. 
mins  and  sees  in  decimals  of,  67. 
Dekametre,  392. 

chord  of  2  dekains,  curve,  table,  728. 
Demi-revetment,  692, 
Density,  314. 

Departures  and  latitudes,  168. 
Depot,  railroad,  cost  of,  804. 
Depth,  Depths,' 

on  dams,  267  e. 

flow  at  different,  237,  Ac,  268. 

hydraulic  mean,  272. 

pressures  at  different,  223,  Ac,  286  6. 
tables  of,  394  a-o. 

of  rain-fall,  220. 
Derrick  car,  750. 
De  Vout's  switch-stand,  776. 
Dew-point,  215. 
Diagonal 

bracing,  542,  Ac,  608. 

of  parallelogram,  57, 119. 

of  trapezoid,  Ac,  120. 

of  truss,  547,  608. 
Diagram,  Diagrams, 

of  forces,  320,  Ac. 

for  Kutter's  formula,  278. 

of  loads,  moving,  546. 

of  moments,  482,  483. 

of  pressure  of  water,  240. 

of  trusses,  561,  &c. 
Dial,  to  make,  397. 
Diameter,  Diameters, 

of  bolts,  406. 

of  circle,  to  find,  123, 133,  134, 140. 

of  pipes,  245,  &c,  248,  405,  416. 

of  rivets,  for  safety,  471,  Ac,  539. 

square  roots  of,  247. 

of  wire,  410,  &c. 
Diamond  drill,  652. 

Diffusion  of  force,  224,  227,  231a,  434  h. 
Dimensions.    See  the  article  in  question. 
Direction,  angle  of,  615. 
Discharge 

through  adjutages,  259. 

through  apertures,  257,  Ac. 

through  channels,  268,  Ac. 

through  contiguous  openings,  261. 

over  dams,  265,  Ac. 

head  for  a  given,  to  find,  248. 

through  notches,  267  j. 

through  pipes,  236,  Ac. 

through  sewers,  279c. 

tli  rough  short  tubes,  259. 

tables  of,  394  d-h. 

through  thin  partition,  260. 

over  weirs,  266,  Ac. 
Discount,  37. 
Distance,  Distances,  apex,  725  a. 

deflection,  tangential,  725  u,  Ac. 

frog,  785,  Ac. 

polar,  of  North  Star,  177. 

by  sound,  211. 
Distributing  reservoirs,  290. 
Distribution  of  pressure,  231  a,  434  A. 
Diving-bell,  pressure  in,  215. 
Diving  dress,  651. 
Dodecagon,  110. 
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Dodecahedron,  154. 
Dollar,  386. 

U  S,  weight,  Ac,  of,  386. 

value  of,  in  different  countries.  386  b. 
Double 

float,  269. 

riveting,  468. 

rule  of  three,  35. 

shear,  470,  476. 
Draft 

of  horse,  375,  377,  Ac. 

of  locomotive,  808. 

of  vessels,  236. 
Drag  scrapers,  747. 
Drain,  Drains, 

area  drained  by,  279c. 

box  drains,  707. 

foundations  of,  707. 

pipe,  279d. 
Drainage 

of  roadways  of  bridges,  Ac,  708. 

sewers,  279c. 

of  tunnels,  754. 
Draw-bridge,  strains  In,  693. 
Drawing  materials,  433. 
Drawn  pipes  and  tubes.  417. 
Dredge,  631. 

land,  750. 
Dredging,  631. 

by  screw-pan,  647. 
Dress,  diving,  661. 
Dressing  of  stone,  667. 
Drill,  Drills, 

churn,  651. 

jumper,  651. 

machine,  662. 

rock,  661,  Ac. 

steam,  652. 
Drilling, 

Artesian  wells,  627. 

rock,  651-658. 

tunnel,  754. 
Driving 

axles,  808. 

tires,  806. 

wheels.  805,  Ac. 
weights  on,  546, 564,  805,. Ac 
Drop  limbers,  284. 
Dry 

drains,  707. 

measure,  390. 

rot,  425. 
Dualin,  664. 
Ducat,  value  of,  385  b. 
Ductility,  434a,  Ac. 
Dump-cars,  811. 
Duodecimals,  35. 
Dynamic  rock-drill,  667. 
Dynamics,  306. 
Dynamite,  662. 

E- 

E  and  W  line,  to  run,  171. 
Earnings,  railroad,  814,  Ac. 
Earth, 

augers  for,  626,  Ac. 

bearing  power  of,  634. 


Earth — continued. 

blasting  of,  663. 

boring  of,  626. 

cars  (dump-cars),  811. 

curvature  of,  table,  116. 

friction  of,  375,  692. 

hauling  of,  743. 

heat  of,  215. 

leakage  through,  222,  288. 

leveling  of,  743. 

loosening  of,  742. 

natural  slope  of,  6S7,  690. 

pressure  of,  687. 

shoveling,  742. 

shrinkage  of,  741. 

slope  of,  natural,  687,690. 

spreading  of,  743. 

supporting  power  of,  634. 

weight  of,  382. 

work,  732-763. 
cost  of,  742,  804. 
cubic  yards  of,  732. 
in  tunnels,  754. 
volume  of,  732. 
East  River  bridge,  foundations  of,  6401 
East  and  west  line,  to  run,  17 L. 
Easting,  168. 
Eclipse  rock-drill,  654. 
Economizer  rock-drill,  666. 
I'Mge  Moor  turntable,  793. 
Ktfective  cross-section,  £38. 
Efflorescence,  673,  678. 
Elastic  limit,  434  d,  504. 
Elastic  ratio,  434  d,  434  g. 
Elasticity, 

l.iuit  of,  434<2,  506. 
in  beams,  505. 

modulus  of,  4346. 
Electric  blasting  machines,  665 
Elevation  of  outer  rail  hi  curves,  720 
Ellipse,  149,  160. 

area  of,  150. 

center  of  gravity  of,  348,  Ac 

to  draw,  150. 

false,  to  draw,  151. 

ordi  nates  of,  149. 

tangent  to,  to  draw,  150. 
Ellipsoid,  166. 

center  of  gravity  of,  348,  Ac. 
Elliptic 

arc,  149. 
ordi  nates  of,  149. 
table  of,  160. 

arch,  696. 
joints  in,  to  draw,  160. 

ordi  nates,  149. 
Elm  wood, 

strength,  434a,  436,463, 493. 

weight,  382. 
Elongation 

by  heat,  212. 

of  North  star,  177. 178. 

under  tension,  434  o,  Ac. 
Embankment,  732-763. 

cost  of,  742,  804. 

shrinkage  of,  741. 

volume  of,  732. 
!  End-wheels  of  turntables.  792. 
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Energy,  318  a. 

kinetic,  318  a. 

potential,  318  d. 
Engine 

locomotive,  805-810. 
dimensions,  805,  Ac. 
weight,  805,  Ac. 
performance,  808. 

pumping,  801. 
English  cement,  673. 
English  rod  of  brick-work,  389, 672. 
Enlargement  in  pipes,  effect  of,  257. 
Entry  head,  237. 
Equality  of  moments,  338. 
Equation  of  payments,  37. 
Equilibrium 

of  floating  bodies,  axis  of,  235. 

of  forces,  338. 

indifferent,  235,  348. 

of  moments,  338. 

stable,  236,  348. 

unstable,  235,  348. 

vertical  of,  236. 
Equipment,  railroad,  cost  of,  804,  814,  Ac 
Erection  of  trusses,  608. 
Establishment  of  a  port,  219. 
Europe,  railroad,  miles  of,  818. 
Evaporation,  222,  269. 

by  locomotives,  803, 809. 
Even  joints,  763. 

Excavating  carts  (wheeled  scrapers),  747. 
Excavation,  732-753. 

cost  of,  742,  804. 

cubic  yards,  732. 

in  tunnels,  754. 

volume  of,  732. 
Excavator,  steam  (land  dredge),  750. 
Expansion 

bolts,  407. 

of  cements,  678. 

by  heat,  212.    See  Heat. 
of  rails,  763. 
in  trusses,  allowance  for,  611 

steam,  809. 
Expense,  Expenses, 

fuel,  815. 

locomotive,  810. 

railroad,  814,  Ac. 

telegraph,  815. 

train,  815. 
Exploders  for  blasting,  665. 
Explosive,  Explosives,  660,  Ac 

foreign,  664, 

freezing  of.  661,  663, 

gelatine,  66  \ 

modern,  661, 
Express  cars.  811,    - 
Extrados,  693, 
Eye  bars  and  pins,  612. 


Face 

of  arch,  693, 

wall,  G83. 
Facing  switch,  770. 
Factor  of  safety.    Spe  gafety,  factor  of. 

for  piles,  M, 


Factor  of  safety— continued, 
for  pillars,  442,  446. 

for  truss  bridges,  607. 
Fahrenheit  thermometer,  213. 
Fall,  Falls, 

rain,  220. 

required  for  a  given  discharge,  274,279b. 

in  sewers,  279o,  Ac. 
Falling  bodies,  258,  362. 
Falling  water,  horee-power  of.  280. 
False  ellipse,  to  draw,  151. 
False  works,  608. 
Fascines,  650. 
Fatigue  of  materials,  435. 
Faucet  in  pipe-joint,  295. 
Feet,  cubic,  per  second  and  gallons  per 

day,  tables  of,  394  d-h. 
Fellowship  (partnership),  37. 
Fence,  803,  815. 
Ferrule  for  water-pipe,  299. 
Fifth 

powers  and  roots,  251,  253. 
Figure,  Figures,  110,  Ac. 

center  of  gravity  of,  848,  Ac 

defined,  54. 

to  draw,  121,  Ac. 

to  enlarge,  122. 

irregular,  area  of,  to  find,  122. 
Filling,  spandrel,  693. 
Filtration,  222. 
Finish,  hard,  426. 
Fink  truss,  574.  578-580,  584,  6W. 
Fir,  strength,  460,  463. 
Fire,  Fires, 

heat  of,  212. 

hydrant  <fire-plug),  304. 
-proof  floors,  522. 

Firing,  simultaneous,  of  blasts,  066. 
Fish-plates,  764. 
Fisher  rail-joints,  766,  767. 
Fittings  for  pipes,  293,  Ac,  405. 
Flagging,  strength,  constants  for,  493. 
Flange,  Flanges, 

carved,  530. 

oblique,  530. 

strains  in,  629,  637. 

strains  in,  in  riveted  girder*,  537. 
Flexible  joints  for  pipes,  296. 
Flexure,  contrary,  point  of,  51ft. 
Floating 

bodies,  234,  Ac. 

mills,  280. 
Floats,  268,  269, 
Floor 

beams.    See  Beam. 

buckled  plates  for,  409. 

fire-proof,  522. 

girders,  545,  Ac,  610. 

glass,  432. 

loads  on,  606,  623. 

weight  of,  553. 
Florin,  value  of,  385  b. 
Flotation,  234,  Ac, 
Flow 

through  adjutages,  259. 

through  apertures,  257,  Ac. 

in  channels,  268,  Ac, 

through  contiguous  openings,  261. 
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Mow— continued. 

full,  259. 

Kutter's  formula,  244,  271. 

obstructions  to,  27Ue,  i&c. 

in  pipes,  236,  Ac. 

in  sewers,  279c. 

hi  streams,  268,  Ac. 

through  short  tubes,  259. 

in  syphons,  241,  Ac. 

through  thin  partition,  260. 
Fluid,  Fluids, 

friction  of,  374  c. 

measure,  390,  391. 
Follower,  in  pile  driving,  645. 
Foot, 

cubic,  equivalents  of,  389. 
of  substances,  weight  of,  381. 

decimals  of,  inches  in,  table,  388. 

pound,  316. 

spherical,  equivalents  of,  389. 
Force,  Forces, 

application  of,  point  of,  309,  318/,  Ac 

center  of,  227,  235,  347 1,  700. 

centrifugal,  368. 
centripetal,  368. 

composition  of,  319,  Ac. 

defiued,  308. 

in  different  planes,  332,  Ac 

diffusion  of,  231  a,  434  /*. 

through  liquids,  227. 
equilibrium  of,  338. 
imparted,  318  e. 

gradually,  311. 
on  inclined  planes,  352,  Ac,  363. 
living,  318  a. 
measure  of,  310,  314. 
momentum,  318c. 
obliquely  applied,  318  e. 
parallel,  347. 
parallelogram  of,  320,  Ac. 
parallelepiped  of,  333. 
point  of  application  of,  309,  318/,  Ac 
polygon  of,  329. 
resolution  of,  319,  Ac. 
in  rigid  bodies,  306. 
«  single,'  '•  triple,"  Ac,  caps,  666. 
in  trusses,  551. 
work,  316. 
Forcite,  664. 
Foreign  coins,  385  b. 
Foreign  explosives,  664. 
Formula.    See  also  the  given  problem. 
Gordon's,  439. 
Kutter's,  244,  271. 
prismoidal,  161. 
Foundations,  633. 
of  arches,  693. 
artificial  islands,  651. 
brick  cylinders,  650. 
Brooklyn  bridge,  649. 
caissons,  636. 
car  pile-driver,  642. 
for  centers,  711. 
in  clay,  634. 
close  piles,  641. 
coffer-dams,  636,  637,  Ac. 
concrete,  680,  681. 
crib,  636. 


Foundations — continued, 
of  culverts,  707. 
cylinders,  645-647. 
brick,  650. 

plenum  process,  G48. 
vacuum  process,  647. 
with  concrete,  679. 
friction  of,  644, 646. 
masonry,  650. 
with  piles  inside,  651. 
diving  dress,  651. 
of  drains,  707. 
East  River  bridge,  649. 
fascines,  650. 
on  gravel,  634. 
grillage,  641. 

iron  cylinders,  645-647.    See  Founda- 
tions, Cylinders, 
iron  piles,  645. 
islands,  artificial,  651. 
leveling  by  concrete,  680. 
loads  for,  634. 
masonry  cylinders,  650. 
Nasmvth  pile-driver,  642. 
Pierre  perdue,  634. 
pile,  piles,  626, 640. 
adhesion  of  ice  to,  645. 
bearing,  641. 
blasting  of,  663. 
in  cylinders.  651. 
drivers,  379,  641.  642. 
car,  642. 
guupowder,  641. 
Nasmyth,  642. 
driving,  by  jets,  646. 
factor  of  safety,  644, 
friction  of,  644. 
grillage,  641. 
heads  for,  645. 
hollow,  647. 
ice,  adhesicu  to,  645. 
iron,  645. 
loads  for,  643. 
Mitchell's  screw,  645. 
sand,  626,  650. 
screw,  645. 
sheet,  641. 
shoes  for,  644. 
sustaining  power  of,  643. 
water-jet  for  driving,  648. 
withdrawal  of,  645. 
plenum  process,  648. 
pneumatic,  647,  Ac. 
random  stone,  634. 
of  retaining  walls,  692. 
rip-rap,  634. 
on  sand,  634. 
sand  piles,  626, 650. 
sand  pump,  650. 
screw  piles,  645. 
sheet  piles,  641. 
sustaining  power,  634,  648, 
for  trestles,  766. 
for  turntables,  791. 
vacuum  process,  647. 
Four-way  stop-valve,  802. 
Fractions,  33. 
addition,  Ac,  of,  33. 
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Tractions— continued. 

decimal,  34. 

greatest  common  divisor,  33. 

lowest  terms,  to  reduce  to,  33. 
Crane,  value  of,  385  6. 
Franklin  Inst  standard  dimensions  of 

bolts,  Ac,  406. 
Freezing 

of  cement,  675. 

of  dynamite,  663. 

of  explosives,  661,  Ac. 

of  mercury.  213. 

of  mortar,  672. 

of  nitro-glycerine,  661. 

in  pipes,  293. 

behind  retaining-walls,  684. 

in  stand-pipes,  298. 

in  track  tank,  how  prevented,  802. 

of  water,  217. 
Freight 

cars,  811,  812. 

earnings,  814. 

expenses,  814,  Ac. 

locomotives,  805-810. 

ton-mile,  809,  Ac,  814,  Ac. 

train  expense,  815. 
Trench 

measures,  391,  393. 

weights,  393. 
Freyburg  suspension  bridge,  622. 
Friction,  353,370. 

angle  of,  3180,  355,  371. 

axle,  374d. 

of  cars,  374«,  808. 

coefficients  of,  371,  Ac. 

of  earth,  375,  692. 

at  feet  of  raftere,  355. 

head,  237,  248. 

on  inclined  planes,  362-361,  364. 

of  iron  cylinders,  644. 

journal,  3744. 

kinetic,  370. 

launching,  374c 

Menu's  laws,  372. 

of  masonry,  373,  375,  G92. 

of  piles,  644. 

in  pipes,  257. 

of  pivots,  371. 

in  pumping  mains,  257. 

rollers,  374c,  792,  Ac. 

rolling,  374b. 

static,  370. 

of  walls,  688. 

of  water,  257,374c. 
Frictional  stability,  352-361. 
Fritzsche  turntable,  794. 
Frog,  Frogs,  780-786. 

angle  of,  781,  785,  Ac. 

distance,  785. 

length,  781. 

number,  781,  786,  Ac. 

point,  781. 
Frost-jacket  in  fire-hydrant,  304. 
Frost-proof  tank,  801. 
Frozen.    See  Freezing. 
Frustum, 

center  of  gravity  of,  348,  Ac 

of  cone,  160  a. 


Frustum — continued. 

parabolic,  162. 

of  paraboloid,  167. 

of  prism,  155. 

of  pyramid,  160  a. 
Fuel, 

coal,  809,  Ac. 

consumption  by  locomotive,  809. 
effect  of  grade  on,  810,  Ac. 

expense,  of  locomotives,  810,  815. 

grades,  effect  on  consumption,  810,  A". 

wood,  810,  Ac. 
Fulcrum,  335. 
Full  flow,  259. 
Fumes, 

acid,  effect  on  roofs,  428. 

coal,  effect  on  fron,  403, 418. 
Funicular  machine,  325, 344. 

O. 

Gallon,  Gallons,  390,  391. 

per  day  and  cubic  feet  per  second,  con- 
version tables,  394  d-h. 
Galton's  experiments,  374. 
Galvanic  action  in  water-pi |>es,  '293. 
Galvanized  iron,  403;  pipes,  299. 
Gas,  weight  of,  381,  Ac. 
Gasket,  295,  Ac. 

to  prevent  washing  into  pipe,  295, 296. 
Gates  for  water-pipes,  301. 
Gauge,  Gauges, 

Birmingham,  410,  411. 

hook,  266. 

narrow 
cars  for,  811. 
car-wheels,  812. 
locomotives,  805,  Ac 
statistics,  818. 

railroad,  773,  814. 
on  curves,  729,  731. 

Stub's,  411. 

stuff,  426. 

wire,  410,  411,  412. 
Gauging  of  streams,  2G8,  Ac. 
Gautliey's  pressure  plate,  269. 
Gearing,  342. 
Gelatine,  explosive,  665. 
Genesee  viaducts,  756,  767. 
Geographical  mile,  387. 
Geometrical 

progression,  36. 

similarity,  64. 
Geometry,  54. 
German  cement,  673. 
Giant  powder,  664. 
Gin.  378. 
Girder,  Girders.    See  also  Beam. 

box  and  plate,  637. 

continuous,  515. 

floor,  545,  Ac,  610. 

riveted,  537. 

transverse,  545,  Ac,  610. 

of  turntables,  791,  Ac. 
Glass,  431. 

compressibility,  434  e. 

dimensions,  Ac,  431. 

ductility,  434  e. 
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Glass — continued. 

elastic  limit,  434  e. 

expansion  by  heat,  212. 

friction  of,  373,  Ac. 

modulus  of  elasticity,  434e. 

prices  of,  432. 

strength,  432,  437,  466,  403. 

stretch  of,  434  «. 

weight,  431. 
Glazing,  431. 
Globe,  162,  163. 
Glossary  of  terms,  810. 
Glue,  adhesion  of,  466. 
Glycerine,  nitro-,  661. 
Gneiss,  weight,  382. 
Gold, 

strength.  464. 

ralue,  386. 

weight,  382,  386. 
Gondola  cars,  811. 
Gordon's  formula,  439. 
Grade,  Grades, 

allowance  for,  in  chaining,  176. 

contour  lines,  197. 

effect  on  fuel  consumption,  810. 
on  horse,  375. 
ou  locomotive,  808. 

hydraulic,  240. 

resistance  of,  808. 

of  roads,  376,723. 

of  sewers,  279c,  d. 

tables  of,  176,  354.  723,  724, 725. 

traction  on,  375, 808. 

in  tunnels,  754. 

on  turnpikes,  723. 

of  water-pipes,  290. 
Grading,  cost  of,  742,  Ac,  804. 
Gramme,  385  a,  393. 
Granite, 

beams,  504. 

cost  of  blocks,  667. 

expansion  by  heat,  212. 

rubble,  cost  of,  608. 

strength  of,  437, 403,  504. 

weight,  383. 
Gravel, 

boring  in,  626. 

dredging  in,  631. 

for  foundations,  634. 

natural  slope  of,  690. 

weight,  382. 
Gravity, 

acceleration  of,  258,  311,  312,  362,  463. 

center  of,  348,  Ac. 

on  incliuHd  planet,  863. 

line  of,  350. 

plane  of,  350. 

specific,  380. 
Great  Bear,  179. 
Greek  Alphabet,  818  a. 
Greenleaf  turntable,  795. 
Greenwood  switch-stand,  772. 
Grillage,  641. 
Ground  lever,  772. 
Grout,  670. 

Grubbing,  cost  of,  804. 
Guardrails,  774,779,781. 
Gudgeuu  374  d,  824. 


Guide-rails,  774,  770, 781. 
Gun-cotton,  compressed,  664. 
Gun  metal,  strength,  464. 
Gunpowder,  660. 

pile-driver,  641. 

weight  of  (under  Powder),  384. 
Guuter's  chain,  176,387. 
Gutta-percha 

pipe,  294. 

weight  of,  382. 
Gypsum  process,  425a. 

weight,  382. 
Gyration, 

center  of,  440. 

radius  of,  3GC,  440,  538,  540. 

H. 

Hairs,  cross,  to  replace,  193, 

stadia,  190. 
Hand  level,  205. 
Hard  finish,  426. 
Haul,  mean,  743. 
Hauling,  376,  877,  Ac,  743,  747. 
Head,  Heads, 

block,  771. 

of  bolts,  406. 

entry,  237. 

friction,  237,  248. 

for  a  given  discharge,  to  find,  248. 

for  a  given  velocity,  to  fiud,  246,  248. 

for  piles,  644. 

pressure,  239. 

and  pressures,  224,  394  n-o. 

required  for  bends,  Ac,  255. 

theoretical,  258. 

tripod,  189. 

Telocity,  237. 

virtual,  268,280. 

of  water,  223,  237,  Ac. 

for  water  supply,  290,  Ao. 
Heading  in  tunnel,  754. 
Headway  in  bridges,  609. 
Heat, 

of  the  air,  215. 

conduction  of,  by  air,  216. 

effect  of,  ou  cement,  675. 

expansion  of  air  by,  216. 
of  rails  by,  212, 763. 
of  solids  by,  212. 
of  surveying  chains  Joy,  168. 
of  trusses  by,  614. 

of  fires,  212. 

subterranean,  21 5. 

thermometer,  213. 
Heclu  powder,  664, 
Heel 

of  frog,  781, 

of  switch,  771,  774,  786. 
Height, 

effect  on  temperature,  216, 

effect  on  weight,  312,  362. 

to  find,  by  barometer,  207. 
by  boiling  |K>int,  209. 
by  trigonometry,  1 13. 

of  water.    See  Head, 
Holi"gra|ihv,  412  a. 
Hemisphere,  center  of  gravity  «f(&43,  Ac. 
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Hemlock, 

strength,  438, 400, 476,  498. 

weight,  382. 
Hemp  ropes,  414. 
Heptagon,  110. 
Hercules  powder,  664. 
HexagoL,  110, 121. 
Hickory, 

strength,  436,  463,  493. 

weight,  382. 
High  explosives,  661. 
Hodgkinson  beams,  618. 
Holes 

for  blasting,  651. 

boring,  in  earth,  626. 

boring,  iu  rock,  661. 
Hook-gauge,  266. 
Hook-head  spikes,  762. 
Horizon,  artificial,  195. 
Horizontal 

defined,  115. 
Horse,  Horses, 

power  of,  375,  801. 

-power,  818,  377. 
of  falling  water,  280. 
of  running  streams,  280. 

pumping,  day's  work,  801. 

•walk,  diameter  of,  377. 

weight,  377. 
House,  engine,  cost,  799. 
Howe  truss,  594. 
Hydrant,  fire  (fire-plug),  304. 
Hydraulic,   Hydraulics,    236.     See   also 
Water,  Mow,  Velocity,  Discharge, 
Ac. 

cements,  673.    See  also  Cement. 

dams,  229,  265,  279«,  282. 

grade-line,  240. 
.  lime,  673. 

mean  depth,  272. 

radius,  244,  272. 

ram,  280. 

weirs,  229,  265,  279«,  282. 
Hydrogen,  specific  gravity  of,  382. 
Hydrometric  pendulum,  269. 
Hydrostatic,  Hydrostatics,  222. 

press,  227. 

I. 

I  beams,  521,  dec. 

as  pillars,  441,  442. 

see  Beams,  I. 
Ice,  217,  Ac. 

adhesion  to  piles,  645. 

blasting  of,  663. 

in  stand-pipes,  298. 

strength  of,  compressive,  437. 

weight,  217,  383. 
Icosahedron,  154. 
Impact,  318  e. 
Impartation 

of  force,  308,  318  e. 

of  velocity,  gradual,  311. 
Imperial  measure,  British,  391. 
Impulse,  313. 
Inch,  Inches, 

circular,  389. 


Inch,  Inches — continued, 
cubic,  equivalents  of,  389. 
in  decimals  of  a  foot,  388. 
fractions  of,  common  and  decimal,  34. 
of  rain,  221. 

spherical,  equivalents  of,  389. 
Inclination.     See  Grade, 
of  courses  in  masonry,  683,  700. 
tables  of,  176,  354,  723-725. 
in  tunnels,  751. 
Inclined 
beams,  341,  480,  496. 
plane,  352,  Ac,  363. 
descent  on,  363. 
ropes  for,  413,  414. 
stability  on,  352-361. 
tables,  176,  354,  723-725. 
weirs,  267  ». 
Incomplete  contraction,  263. 
Incrustation 
of  boilers,  top  of  218. 
of  walls,  673,  678. 
India-rubber,  weight,  383. 
Indifferent  equilibrium,  285,348. 
Inertia,  814. 

moment  of,  365,  486,  487. 
Ingersoll  rock-drill,  654. 
Initial  pressure  of  steam,  809. 
Instability,  235,  348,  356. 
I  us  ura  nee,  37. 
Interest,  37. 
Iutrados,  defined,  693. 
Iron 
angle,  525. 
beams  of,  625. 
pillars  of,  441-442. 
strength  of,  trausverse,  526. 
balls,  weight,  416. 
bars,  weight,  400,401. 
beams.    See  Beams,  Iron, 
blasting  of,  663. 
bolts,  406-409. 
bridges,  cast,  599. 
bridges.    See  Trusses,  Bridge,  Ac. 
buckled  plates,  40V. 
cars,  811. 
cast 
beams,  sections  of,  518. 
beams  of,  strength  of,  519. 
bridges,  599. 
cohesive  strength,  464. 
compressive  strength,  438. 
crushing  strength,  438. 
expansion  by  heat,  212. 
friction  of,  373,  Ac. 
malleable,  strength  of,  467. 
pillars,  439,  Ac. 
pipes,  flow  in,  243,  Ac. 
pipes,  weight  of,  293,  297,  399. 
salt  water,  effect  on,  218,  645. 
shearing  strength,  476. 
Sterling's  toughened,  620. 
strength,  438, 464,  470,  477,  493. 
tensile  strength,  464. 
torsional  strength,  477. 
transverse   strength,  constants  for, 

493. 
turntables,  79i. 
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Iron — continued, 
cast 

water,  salt,  effect  on,  218,  645. 

weight,  382,  398,  401. 
casting,  weight  of,  by  size  of  pattern, 

3U8. 
and  cement,  pipes  of,  294. 
chains,  414. 

channel,  521 ;  as  pillars,  441,  442. 
cohesive  strength  of,  409,  464. 
cold,  effect  on,  168,  466, 768. 
columns,  439,  Ac.  See  also  Pillars,  Iron, 
compressibility  of,  434  «. 
compressive  strength  of,  438. 
contraction  of,  by  cold,  168,  763. 
corrosion  of,  by  coal  fumes,  403. 
corrugated  sheet,  403. 
cost  of,  402. 

crushing  strength,  438. 
cylinders,  bursting  pressure  in,  232,233. 
cylinders,  in  foundation,  644,  Ac.     See 

also  Foundations, 
ductility  of,  434  e. 
effect  of  cement  on,  673. 

of  cold  on,  168,  466,  763. 

of  heat  on,  168,  212,  763. 

of  mortar  on,  670,  673. 

of  water  on,  218,  645. 
elastic  limit,  434  e. 
expansion  of,  by  heat,  168,  212,  763. 
-frame  cars,  811. 
friction  of,  373,  Ac. 
galvanized,  403. 
heat,  effect  on,  168,  212,  768. 
limit  of  elasticity,  434 e. 
malleable  cast,  strength  of,  467. 
modulus  of  elasticity,  434  e. 
net,  470. 

paints  for  preserving,  430. 
piles,  645.     See  also  Foundations, 
pillars,  439,  &c.    See  also  Pillars, 
pipes, 

cast,  weight,  293. 

fittings  for,  405. 

flow  in,  243,  Ac. 

galvanized,  299. 

joints  for,  293,  295. 

kalameined,  293. 

thickness  of,  233,  293. 

wrought,  293. 
plates, 

buckled,  409. 

prices  of,  402. 
porosity  of,  233. 
prices  of,  402. 
re-rolled,  402,  464. 
rolled.    See  Iron,  Wrought, 
roofs,  403,  Ac,  582,  Ac.    See  Roofe. 
salt  water,  effect  on,  218,  645. 
shearing  strength,  476. 
sheet,  402,  403. 

corrugated,  ^03. 

galvanized,  4o3. 
specific  gravity  of,  382. 
spikes,  762. 

strength.  409,  438, 464,  476, 477,  493. 
stretch  of,  434  e» 
T,  441,  442,  625. 


Iron — continued, 
tensile  strength,  409, 464. 
torsional  strength,  477. 
transverse  strength,  477,  493. 
trestles,  756. 
tubes,  405. 

water,  effect  on,  218,  645. 
weight  of,  382,  400,  Ac.    See  also  Iron. 

Cast;  Iron,  Wrought, 
wire,  412. 

rope,  413. 
-wood  (Canadian),  strength,  493. 
wrought 

bars,  weight,  400,  401. 

beams,  521,  Ac.    See  Beams. 

cohesive  strength,  464. 

compressive  strength,  438. 

crushing  strength,  438. 

expansion  by  heat,  168,  212,  763. 

friction  of,  373,  Ac. 

pillars,  439,  Ac.    See  also  Pillars. 

pipes,  293,  294. 
fittings  for,  405. 
joints  for,  293, 295. 
weights,  prices,  Ac,  293, 405. 

prices,  402. 

shearing  strength,  476. 

strength,  438,  464,  476,  477,  493. 

tensile  strength,  464. 

torsional  strength,  477. 

transverse  strength,  493. 

tubes,  weight,  405. 

water-pipes,  293. 

weight,  383,  400,  401. 
Islands,  artificial,  for  foundations  651. 

J. 

Jag-spikes,  762. 
Jet,  pile-driving,  646. 
Joint,  Joints, 

in  arches,  709. 

bell,  for  pipes,  295. 

butt,  lap,  469. 

in  chimneys,  Ac,  cement  for,  429,  431. 

Converse,  for  wrought- iron  pipes,  293 

distribution  of  pressure  in,  231a,  434  h. 

flexible,  for  pipes,  296. 

iron,  583. 

lap,  butt,  469. 

masonry,  inclination  of,  683,  700. 
distribution  of  pies  in,  231  a,  434  h. 
lead  in,  438,  714. 

net,  470. 

for  pipes,  293,  295,  Ac,  405. 

pressure  in,  distribution  of,  231a. 

rail,  763. 

riveted,  468,  539. 

roof,  418,  427,  429. 

timber,  610,  612. 

in  trusses,  610,  612,  Ac. 
Journal  friction,  374a*. 
Judson  dynamite,  Ac,  664. 
Jumper  drill,  651. 

K. 

Keyed  frog,  782. 
Keystone,  330,  359,  694,  693. 
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Kieselguhr,  662. 
Kinetic  energy,  318  a. 

friction,  370. 
King 

-poet,  554. 

-rod,  553,  Ac. 

truss,  551,  Ac,  578. 
Kinzua  viaduct,  758. 
Knees  in  pipes,  256. 
Knife-edge,  strength  of,  438. 
Knot  (nautical),  length  of,  387. 
Kutter's  formula,  244,  271. 
Kyanizing,  425a. 

Lagging  for  centers,  711, 712,  719. 

Laitance,  681. 

Land 

dredge,  750. 

measure,  389. 
metric,  392. 

required  for  railroads,  722. 

section  of, 
area  of,  389. 

surveying,  168. 

ties,  692. 
Lap-joint,  469. 
Lap-welded  boiler-tubes,  405. 

water-pipe,  293. 
Lard 

as  a  lubricant,  374c. 

weight  of,  383. 
Lateral  bracing,  542,  610. 
Laths,  426,  427. 
Latitude,  Latitudes, 

degree  of,  length  of,  387. 

and  departures,  16b. 

effect  of,  on  barometer,  207,  209. 
on  gravity,  312,  362. 

secants  of,  177. 
Lattice  truss,  696. 
Launching,  friction  of,  374c 
Laying 

bricks,  670. 

out  of  turnouts,  785. 

pipe,  cost  of,  297. 

track,  cost  of,  804. 
Lead 

bulls,  weight  of,  416. 

bars,  415. 

compressibility,  434  e. 

ductility,  434  «. 

elastic  limit,  434  a. 

effect  of  cement,  mortar,  Ac.  on. 
673. 

expansion  by  heat,  212. 

in  masonry  joints,  438,  714. 

modulus  of  elasticity,  434  «. 

paint,  429. 

pencils,  433. 

pipe,  234,  416. 

for  pipe-joints,  293,  295,  297. 

roofs,  415, 416. 

sheets,  415.  416. 

strength,  438.  464. 

stretch  of,  434  e. 

tensile  strength  of,  464. 
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Lead — continued. 

weight,  383,  398-401,  410,  415,  416. 

white,  cement, 
for  leaks,  429. 

white,  paint,  429. 
Leaded  tin,  418. 
Leak  in  roof,  to  stop,  429,  431. 
Leakage,  222, 269,  282,  288. 
Leather, 

friction,  374c. 

strength,  466. 
Length, 

frog,  781. 

switch-rail,  776. 

switch,  786,  Ac. 
Lengthening  scarfs,  610. 
Level,  201. 

builder's,  to  adjust,  206. 

cuttings,  732. 

hand,  Locke's,  205. 

lines,  defined,  115. 

note-book,  form  of,  204. 

Y,  201. 
Leveling 

by  barometer,  207. 

by  boiling-point,  209. 

by  concrete,  680. 

of  earth,  on  embankments,  743. 

screws,  189,  202. 
Lever,  Levers,  336. 

compound,  342. 

principle  of,  applied  to  arches,  342. 
beams,  340. 

switch,  772,  776,  779. 

tumbling,  772,  776,  779. 
Leverage,  335. 
Life,  average, 

ot  curs,  811. 

of  locomotives,  810. 

of  rails,  760. 

of  shingles,  429. 

of  ties,  759. 

of  wire  ropes,  414. 
Lignum  vitro, 

strength,  463,  493. 

weight,  383. 
Lime,  669. 

effect  on  cement,  680. 

hydraulic,  673. 

paste,  670. 

to  preserve  timber,  425a. 

weight,  383. 
Limestone,  383, 437. 
Limit  of  elasticity,  434  d,  506. 

in  beams,  505. 
Limnoria,  425. 
Line,  Lines,  54. 
center  of  gravity  of;  361  a. 
contour,  197. 
of  gravity,  360. 
hydraulic  grade,  239. 
of  no  variation,  197. 
parallel,  to  draw,  66. 
of  pressure,  359,  700. 
of  resistance,  359, 700. 
of  thrust,  369,  700. 
Lining  of  tunnels,  764. 
Link.    See  Chain. 
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Liquid,  Liquids.    See  Water, 
buoyancy  of,  234,  235. 
compressibility,  217,  236. 
flow  of,  236,  Ac. 
friction  of.  374o. 
measure,  390. 

pressure  of,  222,  4c,  239,  Ac. 
pressure,  transmission  through,  227. 
specific  gravity  of,  o81. 
Lithofracteur,  664. 
Little  Giant  rock-drill,  656. 
Live  load,  546,  564,  Ac,  805-807. 
Living  force,  318  a. 

Load.     See   also   Beam,  Truss,    Pillar, 
Bridge,  Ac. 
on  beams,  constants  for,  491. 
on  bridges,  greatest  probable,  606,  623. 
cart  load,  of  earth,  Ac,  742,  Ac. 
on  driving-wheels,  546,  564,  805,  Ac. 
ou  earth,  safe,  634. 
for  a  given  deflection,  506  a,  6,  510. 
for  1  beams,  521. 
live,  646,  564,  805-807. 
for  locomotives,  808. 
moving,  546,  564,  805-807. 
for  piles,  643. 
on  roof,  216,  221,  580. 
of  sand,  427. 
suddenly  applied,  434/. 
on  turntables,  794,  795. 
Lock,  air,  648. 
Lock-ntit,  408,  765,  768. 
Loch-Ken  viaduct,  599,  647. 
Locke  level,  205. 

Locomotive,  Locomotives,  805-810. 
"adhesion"  of,  374a,  808,  809. 
driving-wheels,  805,  Ac. 

weights  on,  546,  564,  805-807. 
evaporation  by,  803. 
house,  cost,  799. 
repairs,  810,  815. 
statistics,  814,  Ac. 
turntables  for,  791. 
water  for,  218,  800. 
weights,  546,  805,  Ac. 
Locust,  strength,  436, 463,  493. 
Logarithms,  38,  39. 

to  find  roots  by,  39. 
Long 
chords,  726  c,  729. 
measure,  387,  392. 
Longitude,  degree  of,  length  of,  387,  888. 
Lorenz  switch,  775. 
Lowering  of  centers,  711-713,  720. 
Lubricants,  374c. 

Lubrication  of  turntables,  792,  Ac. 
Lumber,  420-425.   See  also  Wood,  Timber. 
Lune,  circular,  146. 

M. 

Machine, 

drill,  652, 754. 

funicular,  325,  344. 

riveting,  471. 

for  tapping  pipes,  294, 299. 
Magneto-electric  blasting,  665. 
Mahogany,  strength,  434«,  486, 468, 488. 

weight,  383. 


Mail 
cars,  811. 
earnings,  814. 
Malleable  cast  iron,  strength  of,  4C7. 
Man, 
power  of,  378. 
weight,  606,  623. 
Manilla  rope,  414. 
Map,  to  reduce  or  enlarge,  122. 
Maple-wood, 
strength,  463, 493. 
weight,  388. 
Marble, 
cost,  668. 

expansion  by  heat,  212. 
strengtb,jU$7,  493. 
weight,  383. 
Masonry, 
in  abutments,  quantity,  703. 
adhesion  of  cement  to,  677. 

of  mortar  to,  670. 
in  arch  bridges,  quantity,  702-708. 
backed  by  concrete,  679. 
cost,  667. 
courses,  inclination  of,  683, 700. 

lead  between,  438. 
friction  of,  373,  Ac,  683,  700. 
incrustation  of,  673,  678. 
in  piers,  quantity,  708. 
joints.    See  Joints, 
quantity  in  arches,  702-708. 
in  piers,  708. 
in  retaining  walls,  690. 
in  walls  of  wells,  168. 
in  wing-walls,  704. 
railroad,  cost,  804. 
in  retaining  walls,  083,  Ac. 
strength  of,  compressive,  437. 
weight,  229,  381,  Ac. 
Mass,  312. 
Materials, 
fatigue  of,  435. 
strength  of,  434. 
weight  of,  381. 
Matter,  defined,  306. 
Maximum 
pressure,  angle  of,  687. 
velocity,  268. 
Mean 
depth,  hydraulic,  244,  272. 
haul,  743. 
radius,  244,  272. 
velocity,  243,  268,  Ac. 
Measure,  Measures,  385. 
apothecaries',  390,  391.  [391. 

commercial,  size  of,  by  weight  of  water, 
cubic,  389. 
fluid,  390,  391. 
French,  393. 
long,  387. 
metric,  392,  Ac. 
Russian,  394. 
Spanish,  394. 
square,  389. 
wine,  390,  391. 
Measuring  weirs,  265,  286. 
Mechanics,  306. 
Melting  points,  212. 
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Mercury, 

barometer,  207,  215. 

freezing-point,  213. 

thermometer,  213, 215. 

weight.  383. 
Meridian,  to  find  by  North  star,  177. 

longitude,  387, 388. 

variation  of  compass,  193, 196. 
Metacenter,  235. 

31etal,  Metals.    See  also  the  names  of  the 
several  metals. 

blasting  of,  663. 

cohesive  strength,  464. 

compressibility,  434  e. 

compressive  strength,  438. 

ductility,  434  e. 

affect  of  cement  on,  670,  673. 
of  heat  on,  212. 
of  lime  on,  670,  673. 
of  mortar  on,  670. 
of  water  on,  218,  645. 

elastic  limits  of,  434  «. 

expansion  by  heat,  212,  763. 

friction  of,  370,  Ac. 

limit  of  elasticity,  434  e. 

modulus  of  elasticity,  434  e. 

shearing  strength,  476. 

sheet,  402-404,  410, 415, 416, 418,  419. 

strength,  434,  438,  464, 476,  477,  493. 

stretch  of,  434  e. 

tensile  strength,  464. 

torsional  strength,  477. 

transverse  strength,  493. 

weight  of,  381,  Ac. 
Meters,  wheel,  270;  Ventnri,  260. 
Metre,  Metres, 

length  of,  385  a,  392. 

radii,  Ac,  of  curves  in.  728. 
Metric 

railroad  curves,  table,  728. 

weights  nnd  measures,  381,  Ac.,  392, 393. 
Mica,  weight,  383. 

Middle  ordinatea,141 0,726,728,730,761,784. 
Mile,  Miles, 

freight-ton-mile,  809,  Ac,  814,  Ac. 

geographical,  387. 

land  and  sea,  387. 

nautical,  387. 

passenger,  814,  Ac. 

scale  of,  187. 

sea-mile,  387.  «• 

square  (section),  389. 

ton-mile,  809,  Ac,  814,  Ac. 

train-mile,  809.  Ac. 
Mills,  floating,  280. 
Minim,  390,391. 
Minutes  in  decimals  of  a  degree,  57. 

of  time,  395. 
Mitchell's  screw  pile,  645. 
Mitred  joints  for  rails,  768. 
Models  (caution),  490. 
Modern  explosives,  661. 
Modulus.    See  Coefficient,  Strength,  Ac. 

of  elasticity,  434  b. 

of  flow,  259. 

of  Iriction,  371. 

of  resilience  434/. 

of  resistance  (coef  of  res),  485. 

of  rupture,  485. 


Mogul  locomotives,  805,  Ac. 
Moisture,  effect  on  cement,  673, 

on  sound.  211. 

on  zinc,  419. 
Moment,  Moments,  335. 

in  beams,  478-489,  528,  537,  Ac 

breaking,  479-484. 

equilibrium  of,  338. 

of  inertia,  365,  486, 487. 

of  resistance,  484,  48b,  488. 

of  rupture,  479-484. 

of  stability,  229,  235,  337,  857,  688. 
Momentum,  314,  318  c. 

of  water,  234. 
Money,  385  6. 
Monkey-switch,  772. 
Mont  Cenis  tunnel,  754. 
Morin'b  laws  of  friction,  372. 
Mortar, 

adhesion  of,  670. 

in  arches,  701,  709, 713. 

bricks,  Ac,  669. 

cement,  676. 

clay,  effect  on,  670. 

effect  on  iron,  620,  670,  678. 
on  wood,  670. 

frozen,  675. 

grout,  670. 

pointing,  674. 

in  retaining  walls,  684. 

rubble,  cost  of,  668. 
weight  of,  383. 

salt,  effect  on,  670,  678. 

sand  for,  069,  GY7. 

strength  of,  tensile,  466,  676, 678. 

in  water  tanks,  801. 

weight,  383,  670. 
Moseley  root',  600. 
Motion,  307. 

Accelerated  307. 

circular,  365. 

defined.  307. 

quantity  of,  314. 

retarded,  3'«7. 

uniform,  307. 
Moving 

force,  308. 

load,  54U,  564,  805-807. 
Mud 

penetrability,  644. 

in  reservoirs,  288. 

weight  of,  383,  632. 
Muskrats,  288. 

Nails,  4255. 

shingling,  429. 

slating,  425  6,428. 
Narrow-gauge  railroad 

cars,  811,  812. 

locomotives,  806,  Ac. 

statistics,  818. 
Nasmyth  pile-driver,  642. 
Natural 

chords,  105. 

Portland  cement,  673. 

sinus,  Ac,  69,  60. 

slope,  684,  686,  690. 
Nautical  mile,  387. 
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Needle,  compass,  190, 1.90. 
Net 

earnings  of  railroads,  814,  Ac. 

iron,  net  plate,  net  joint,  470,  538. 
Neutral  axis,  479,  485,  487. 
Niagara  suspension  bridge,  622. 
Nitro-glyceriue,  661. 
Nonagon,  110. 

North  and  south  line,  to  find,  177. 
North  star,  177. 
Northing,  168. 

Notches,  discharge  through,  267.;. 
Note-book,  level,  form  of,  204. 
Number 

of  frog,  781,  786. 

by  wire-gauge,  410,  411,  412. 
Nuts,  406. 
Nut-locks,  408,  765,  766. 

o. 

Oak, 

strength,  434  6,436,463,  476, 493. 

weight,  383. 
Oblique,  Obliques, 

beams,  341,  480, 496. 

flanges,  530. 

lines,  54. 

Dillftrs  457  • 

pressure,  225,  318  s,  352,  687. 

in  trusses,  best  inclination  for,  548. 
length  of,  to  find,  122,  608. 
Obstacles  in  surveying,  to  pass,  175. 
Obstruction,  Obstruction, 

to  flow,  279d,  Ac. 

by  piers,  279d,  Ac. 

in  pipes,  to  prevent,  292. 
Octagon, 

area,  110. 

to  draw,  121. 
Octahedron,  154. 
Offset,  683. 
Oil,  Oils, 

coal,  weight  (Petroleum),  383. 

dead,  425. 

for  locomotives,  cost,  810, 815. 

olive,  374c. 

weight,  383. 

wells,  nitro-glycerine  in,  661. 
Olive  oil,  lubricating  power  of,  374c. 
Open  channels,  flow  in,         268,  Ac 
Openings, 

contiguous,  flow  through,  261. 

flow  through,  257,  Ac. 

with  short  tubes,  flow  through,  259. 

iu  thin  partition,  flow  through,  260. 
Ordinate,  Ordinates, 

elliptic,  149. 

middle,  141  a,  725  6,  726-731,  761,  786. 

parabolic,  152. 

tables,  726-731,  761,786. 
Oscillation,  center  of,  365. 
Osgood  excavator,  750. 
Otis  excavator,  751. 
Ounce,  387 ;  fluid,  390,  391. 
Outer  rail,  elevation  of,  729 
Outflow,  velocity  of,  theoretical,  258. 
Outlet  valves,  290. 


Oval,  to  draw,  15L 
Overfall, 

dams,  232. 

discharge  over,  265. 

for  reservoir,  289. 

P. 

P.  C,  P.  T.  P.  1,726 a. 
Packing  pi-  ce,  471,  t>45,  Ac. 
Paint,  Paints,  429. 

for  iron,  430. 

on  zinc,  403. 
Painting,  429. 
Panel, 

defined,  length  of,  548. 

diagonal  of,  to  find  length  of,  122;  606 
Paper,  433. 

car-wheels,  812. 

pipes,  294. 

wheels,  812. 
Parabola,  152, 153.    See  Parabolic. 

arc  of,  152. 

center  of  gravity  of,  851  d. 

to  draw,  153. 

frustum  of,  162. 

ordinates,  152. 

semi-,  center  of  gravity  of,  351  <L 

tangent  to,  to  draw,  153. 

zone  of,  162. 
Parabolic 

arc,  152, 153. 

conoid,  167. 
frustum  of,  167. 

curve,  152, 153. 

frustum,  152. 

ordinates,  152. 

zone,  152. 
Paraboloid,  167. 

center  of  gravity  of,  851  h. 

frustum  of,  167. 
Parallel 

forces,  236, 847. 

lines,  to  draw,  56. 

plates,  189. 
Parallelogram,  Parallelograms,  67, 119* 

angles  in,  67. 

center  of  gravity  of,  348,  Ac 

of  forces,  320,  Ac. 
Parallelopiped,  155. 

center  of  gravity  of,  348,  Ac. 

of  forces,  333. 
Parapets  of  suspension  bridges,  621,  Ac„ 
Parlor  cars,  811,  812. 
Partial 

contraction,  259,  Ac,  263,  Ac. 
on  weirs,  263,  Ac. 

payments  (Equation  of  Payments),  87 
Partition,  thin,  flow  through,  260. 
Partnership,  37. 
Passage-way  in  tunnel,  764, 
Passenger 

cars,  811,  812. 

earnings  and  expenses,  811,  814,  Ac 

locomotives,  806-810, 

mile,  814,  Ac 

train  expenses,  816, 
Paste,  lime,  670. 
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Patterns,  weight  of  casting,  398. 
Paving, 
Belgian,  668. 
brick,  671. 
Payments, 
equation  of,  37. 

partial  (Equation  of  Payments),  37. 
Pencils,  lead,  433. 
Pendulums,  364. 
hydrometric,  269. 
seconds,  385. 
Pennsylvania  R  R, 
bridges  * 
of  I  beams,  524. 
of  riveted  girders,  543,  Ac 
standard  rolling  loads,  546. 
locomotives,  546,  806,  807. 
track-tank,  802. 
Pentagon,  110. 
Perch  389. 
Percussion, 
center  of,  365. 
drills,  653. 
Perimeter.    See  also  Circumference. 

wet,  244,  271. 
Permanent  way,  759. 
Permutation,  36. 
Perpendicular,  to  draw,  55. 
Persian  wheel,  379. 
Petroleum,  weight  383. 
Philadelphia, 
Chestnut  St  bridge,  599. 

foundations,  636. 
South  St  bridge,  648. 
Wissahickon  bridge,  720. 
Phoenix  segment-columns, 441,442, 443, 449 
dimensions,  weights,  Ac,  449. 
strength,  442,  443, 449. 
in  trestles,  758. 
Phosphor-bronze  wire,  strength,  464. 
Picks,  wear  of,  743. 
Pier,  Piers, 
abutment,  699. 
foundations  for,  633,  Ac. 
masonry,  quantity  in,  708. 
obstructions  by,  279d,  Ac. 
of  suspension  bridges,  618,  Ac. 
Pierre  perdue,  634. 
Piezometer,  239. 

Piles,  foundation,  640.    See  also  Founda- 
tions. 
Pillar,  Pillars,  439,  Ac. 
of  angle-iron,  440-442. 
capitals  of,  shapes  of,  457. 
Carnegie  Z-bar,  441,  454-456. 
of  channel-iron,  441,  442,  466. 
ends  of,  shapes  of,  439,  467. 
factor  of  safety,  442,  446. 
Gordon's  formula,  439. 
hinged  ends,  439. 
of  I  beams,  441,  442,  464. 
iron,  439,  Ac. 
coefficients  of  safety,  442,  446. 
strains  usually  allowed,  457. 
strength  of,  439,  Ac. 
masonry,  strength  of,  437. 
oblique,  457. 
Phoenix  segment,  441-443,  449,  758. 


Pillar,  Pillars— continued, 
pin-ended,  439. 
radius  of  gyration,  44a 
with  rounded  ends,  439. 
safety,  factor  of,  442,  446. 
segment,  Phoenix, 
dimensions,  weights,  Ac,  449. 
strength,  441,  442,  443,  449. 
.  in  trestles,  758. 
steel,  442, 458. 
strength  of,  439,  Ac. 
T  and  +  iron,  441,  444. 
wooden,  458,  Ac. 
Z-bar,  441,  454-456. 
Pin,  Pins 
and  eye-bars,  439,  61*. 
surveying,  176. 
Pine, 
pillars  of,  459. 

strength,  434 «,  436,  458,  463,  476,  493. 
weight,  383.  384. 
Pinions  and  wheels,  342. 
Pipe,  Pipes, 
air  valves  for,  297. 
angles  in,  256. 

areas  and  contents  of,  157,  247 
bends  in,  255. 
branches  in,  296. 
brass,  seamless,  417. 
bursting  of,  234,  298,  303. 
thickness  required  to  prevent,  23& 
234,  293. 
bursting  pressure  in,  239. 
cast-iron,  290-293,  297,  399. 

weight,  293,  297,  399. 
cement  and  iron,  294. 
concretions  in,  to  prevent,  292. 
contents  and  areas  of,  157,  247. 
copper,  seamless,  417. 
cost  of,  293,  297. 
of  laying,  297. 
couplings  for,  293,  295,  405. 
cracks  in,  296. 
curves  in,  255. 

diameters  of,  245,  290,  291,  293,  297. 
square  roots  of,  247. 
for  water-supply,  290,  Ac 
discharge  from, 
formula),  243. 
principles  of,  236,  Ac. 
drain,  279d. 

terra-cotta,  279d. 
drawn  brass  and  copper,  417. 
enlargements  in,  257. 
ferrules  for,  299. 
flexible  joints  for,  296. 
flow  in,  236,  Ac. 

Kutter's  formula,  244,  271. 
friction  in,  257. 
galvanic  action  in,  293. 
galvanized,  299. 
gates  for,  301. 
gutta-percha,  294. 
iron, 
cast,  290-293,  297,  399. 
and  cement,  294. 
fittings  for,  293,  Ac,  405. 
joints  for,  293,  295,  407. 
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Pipe,  pipes,  iron— continued, 
thicknesses  of,  233,  293. 
wrought,  293,  405. 
weight,  293,  405. 
joints  for,  293,  295,  407. 

flexible,  296. 
kalameined,  293. 
knees  in,  256. 
laying,  297. 

lead  for,  293,295,  297. 
leaden,  234,299.416. 
thicknesses  of,  234. 
long,  pressure  of  water  in,  257. 
material  of,  effect  on  velocity,  244. 
to  mend,  296. 

obstructions  in,  to  prevent,  292. 
paper,  294. 

pressure  of  water  in,  232,  Ac,  239. 
resistance  to  pumping,  257. 
seamless,  .417. 
service,  294,  299, 416. 
sleeves  for,  296. 
stand,  298. 
steam,  405. 
stop-valves  for,  301. 
street,  290. 

swellings  in,  effect  of,  257. 
tapping  of,  294,  299. 
terra-cotta,  279d. 
thickness  required,  232-234,  293. 
valves  for,  301. 

of  varying  diameter.disch  through,  254. 
Telocity  in,  243,  245,  Ac. 
water,  290,  Ac,  29*3,  297,  399. 
weight,  293,  297,  399, 405. 
wooden,  294. 

wrought-iron,  293  294,  405. 
Pit  of  turntable,  791. 
Pitch 
of  rivets,  472,  Ac,  539. 
of  roofs,  428, 681. 
weight  of,  384. 
Pitot's  tube,  269. 

Pittsburgh  suspension  bridge,  624. 
Pivot 

of  turntables,  792,  Ac. 
Plan,  to  reduce  or  enlarge,  122. 
Plane,  Planes,  110. 
of  flotation,  235. 
forces  in  different,  332,  Ac. 
forces  in  one,  319,  Ac. 
of  gravity,  350. 
inclined,  352,  Ac,  363.     See  also  In 

clined  Plane, 
surfaces,  110. 
trigonometry,  112. 
Plank, 
board  measure,  table,  420. 
in  foundations,  633. 
sheet  piling,  641. 
thickness  for  a  given  pres,  637. 
Plastering,  426. 
Plaster,  426. 
of  Paris 
effect  on  metals,  673. 
price  of,  673. 
strength,  437,  466. 
weight,  384, 


Plate,  Plates.    See  Sheet- 
angle,  764. 
beams,  537. 
bolster,  524,  544,  614. 
buckled,  409. 
fish,  764. 
fro?,  783. 
girders,  537. 
glass,  432. 
iron 
prices1402. 
turntables,  793. 
net,  470. 

openings  in,  flow  through,  257,  Ac, 
parallel,  189. 
steel,  tinned,  418. 
terne,  418. 
tin,  418. 

tinned  steel,  418. 
wall,  524,  544,614. 
Platform 
car 8,  811. 
revolving,  799. 
Platinum,  384,  464. 

blasting  caps,  665. 
Plenum  process,  648. 
Plug,  fire  (fire-hydrant),  304. 
Plumb  level,  to  adjust,  206. 
Plumbago,  as  a  lubricant,  374c. 
Plus,  725  c. 

Pmumatie  foundatioi.s,  047,  Ac. 
Pocket  sextant,  194. 
Point,  Points, 
boiling,  209,  210,  217. 
of  contrary  flrxure,  515. 
of  curve,  725  o. 
freezing,  212,  217. 
frog,  781-789. 
of  intersection,  725  a 
melting,  212 
switch,  774-776. 
of  tangent,  725  a. 
Pointing  mortar,  674. 
Pole  star,  177. 
Polygon,  Polygons,  110. 
center  of  gravity  of,  348,  Ac. 
of  forces,  329. 

irregular,  to  find  area  of,  122. 
to  reduce  to  a  triangle,  121, 
regular,  to  draw,  121. 
Polyhedron,  Polyhedrons,  regular,  154. 
Pond,  discharge  of,  time  required  for,  264 
Poplar,  strength,  436, 463,  493. 
Porous  bodies,  specific  gravity  of,  381, 384, 
Port,  establishment  of,  219. 
Portage  viaduct,  7  66, 757. 
Portland  cement,  673. 
Post,  Posts.    See  also  Pillars, 
fence,  803. 
kintc  554. 

pivot,  in  turntables,  702,  Ac 
queen,  555. 
Samson,  tf30. 
in  trestles,  756. 
in  trusses,  647,540. 
Potential  energy,  318  <f. 
Pound  (ooin),  value  of,  385  b. 
\     weight,  387. 


INDEX. 
PoDviBff-~Ball. 


855 


i 


Pouring-clamps  for  pipe-joints,  294,  295. 
Powder,  384,  660. 

Power,  Powers.  See  Steam,  Water,  Wind, 
Ac. 
animal,  377. 
defined,  318. 
fifth,  251. 

square  roots  of,  258. 
gain  of,  336. 
of  horse,  875, 377,  801. 
of  locomotires,  808. 
man,  378. 

second  and  third,  tables,  41. 
tractive,  375.    See  also  Traction. 
Pratt  truss,  505. 
Prejudicial  work,  318. 
Press.  Presses, 

hydrostatic,  227.' 
Pressed  brick,  670. 
Pressure.    See  Load, 
of  air,  215,  648,  Ac. 

barometer,  leveling  by,  207. 
in  arches,  342, 359,  694. 
boiler,  809. 

center  of,  227, 235,  347  Z,  700. 
on  centers  for  arches,  713. 
cylinder,  of  steam,  809,  Ac. 
in  dams,  286  5. 
distribution  of,  231  a,  434  h. 
of  earth,  683,  Ac,  687. 
effect  of,  on  friction,  371. 
on  foundations,  634. 
head,  224,  239,  394  o. 
on  inclined  plates,  352,  Ac,  363. 
initial,  of  steam,  809. 
line  of,  359,  700. 
maximum,  angle  of,  687. 
prism  of,  687. 
slope  of,  687. 
in  pipes,  232,  239. 
plate,  Gatfthey's,  269. 
in  reservoirs,  288. 
on  retaining  walls,  683,  Ac. 
of  running  streams,  279/,  Ac. 
of  running  water  in  pipes,  239. 
steam,  809. 

strength,  compressive,  436. 
transmission  of,  through  liquids,  227. 
of  water,  222,  Ac,  239,  Ac. 
in  cylinders,  232. 
in  long  pipes,  257. 
in  pipes,  232,  Ac,  239. 
running,  239,  279/,  Ac 
•till,  222. 

walls  to  resist,  229,  Ac 
of  wind,  216. 
Prices.    See  the  article  in  question. 
Prints,  Blue,  432a. 
Prism,  Prisms,  155. 
center  of  gravity  of,  351  e,  /. 
frustums  of,  155. 

center  of  gravity  of,  351  «,  g. 
of  maximum  pressure,  687. 
Prismoid,  160  b. 
Prismoldal  formula,  1605. 
Process,  Blue,  432  a. 
Profile,  Profiles,  199,  Ac. 
paper,  433. 


Progression,  36. 

arithmetical,  36. 

geometrical,  36. 
Proportion,  35. 

compound,  35. 

simple,  35. 
Protracting  by  chords,  10ft. 
Puddle-walls,  288. 
Pulley,  342. 
Pump,  Pumps,  801. 

chain,  379. 

day's  work  at,  378, 801. 

sand,  626,  650. 
Pumping.    See  Pump. 

engine,  801. 

mains,  friction  in,  267. 
Purlins,  551, 582. 
Pyramid,  Pyramids,  160. 

center  of  gravity  of,  348,  Ac. 

frustum  of,  160  a. 
center  of  gravity  of,  348,  Ac 

Q. 

Quadrant,  Castelli's,  269. 

center  of  gravity  of,  361  c. 
Quarrying,  651-667. 
Quartz,  weight,  384. 
Queen  truss,  555,  578. 
Quicklime,  669. 

to  preserve  timber,  425a. 

weight  of,  383. 

R. 

Rack-a-rock,  664. 
Badii,  Radius, 
to  find,  123, 141  a. 
of  gyration,  366,  367,  439, 440. 

square  of,  440,  538, 540. 
mean,  244,  272. 
of  railroad  curves,  tables,  726-728. 

minimum,  729,  731. 
of  turnouts,  786. 
Rafter,  Rafters,  355, 551,  Ac,  582. 
Rail,  Rails,  760,  763. 
bending,  ordinate**  for,  761. 
creeping  of.  763,  764. 
elevation  of  outer,  729. 
expansion  by  heat,  212,  768. 
fence,  808. 
frog,  781. 

guard  or  guide,  774,  77&,  781. 
joints,  763. 

ordinates  for  bending,  761. 
outer,  elevation  of,  729. 
renewals,  815. 
roads,  722. 

ballast,  759. 

bridges.  See  Bridge,  Trass,  Arch,  Ao 

cars,  811,  812,  814,  Ac. 

construction,  722,  804. 

cost  of,  804. 

cross-ties,  759. 

gauge,  in  U.  8.,  814. 

pile-driver,  642. 

resistance  on,  374e. 

roadway,  759. 
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Bail,  Rail*— continued, 
roads, 

shops,  cost  of,  799. 

spikes,  762. 

statistics,  814  to  818. 

switch,  770. 

ties,  759. 

time,  standard,  396. 

track-tank,  802. 

traction  on,  377,  808,  810. 

turnout,  770. 
water  stations,  800. 
safety,  779. 
stock,  774. 

switch-rail,  length  of,  776. 
way,  see  Bail-road. 
Bain,  220. 
reaching  sewer,  rate  of,  279c 
water,  218, 385. 
Bam,  hydraulic,  280. 
water,  234,  298,  303. 
Bamming 

of  cement  and  concrete.  675,  680. 
Bamsbottom's  track  tank,  802. 
Band  rock-drill,  666. 
Bandom  stone,  634. 
Bange  of  stress,  436. 
Batio,  35 ;  elastic,  434  d,  434  g. 
Reaction,  308,  Ac. 

of  soils,  elastic,  644. 
Real  estate,  maintenance,  railroad,  815. 
Reaumur  thermometer,  213. 
Re-burning  of  cenieiit,  G74. 
Reciprocals,  53  a-53/. 
Rectangle,  Rectangles,  119,  348,  Ac. 
Rectangular  co-ordinates,  331. 
Reflection,  to  measure  heights  by,  117. 
Reflexion,  angle  of,  256. 
Refraction  and  curvature,  table,  115. 
Regular  figures,  110. 
Regular  solids,  164. 
Repair,  Repairs, 

of  bubble-tube,  193. 

of  cars,  811,  815. 

of  cross-hairs,  193. 

of  locomotives,  810,  816. 

of  pipes,  296. 

iu  reservoirs,  289. 

of  road,  743. 

of  road-bed,  railroad,  816. 

of  rolling-stock,  810,811, 816. 

of  track,  815. 
ltepose,  angle  of,  365,  371. 
Reservoir,  Beservoirs,  287,  Ac 

discharge  from  and  into,  262. 

evaporation  from,  222. 

for  railroads,  801. 
Resilience,  434/. 
Resistance.  See  also  Loads,  Strength,  Ac. 

angle  of,  limiting,  366, 371. 

of  beams,  484. 

of  cars,  374e,  808. 

coefficient  of,  485. 

to  flow,  244,  255,  257,  271,  Ac 

of  friction,  370. 

on  grades,  808. 

limiting  angle  of,  355,  371. 

line  of,  359,  Ac,  700. 


Resistance— continued, 
modulus  of,  485. 
moment  of,  484,  486,  488. 
on  railroads,  374c 
Resolution  of  forces,  319,  Ac 
Resultants,  319,  Ac. 
Retaining  walls,  683. 
clay  backing,  ti34. 
curved  profiles,  692. 
masonry  in,  quantity  of,  690,  692. 
surcharged,  685,  Ac. 
theory  of,  686. 
Retarded  velocity.  307. 
Reverse  bearing,  171. 
Reverse  curve,  725  d. 
Revetment,  692. 
Revolving  bodies.  366. 
Rhomb,  119, 165. 
Rhombic  prism,  165. 
Rhombohedron,  166. 
Rhomboid,  119. 

center  of  gravity  of,  348,  Ac 
Rhombus,  119. 

center  of  gravity  of,  348  Ac. 
Rhumb-line,  171. 
Right  angle,  to  draw,  65. 
Rigid  bodies,  force  in,  806. 
Bing,  Rings.    See  Circle,  Ellipse,  ** 
circular.  146, 167. 
Joint,  768. 
tightening,  683. 
Rip-rap,  634. 
Bise  of  arch,  693. 

of  roof,  effect  on  weight,  681. 
Rivers.    See  Water,  Baiu,  Ac 
dams,  282. 
flow  in,  268,  Ac 
reservoirs,  287. 
scour  of,  279/. 
Rivet,  Rivets,  468,  639. 
Riveted 
beams,  637. 
girders,  637. 
joints,  468,  539. 
Boad,  Boads, 
-bed,  repairs,  815. 
cart,  repairs,  743. 
grade,  876,  723. 

tables,  176,  354,  723-726. 
maintenance,  743,  816. 
rail-.    See  Railroad, 
traction  on,  375. 
-way,  acres  required  for,  722. 
drainage  of,  in  arches,  706. 
railroad,  items  of,  760. 
width  of,  in  bridges,  604. 
Bock,  Rocks, 
blasting,  660. 

broken,  voids  in,  380,  678, 75L 
channeling,  658. 
drill,  661,  Ac 
hand,  668. 
machine,  052. 
steam,  652. 
removal,  761,  Ac. 
strength  of,  434,  Ac 
weight  of,  881,  Ac 
work  in  tunnels,  754. 
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Rockers,  expansion,  614. 
Rod,  Rods, 

of  brickwork,  889,  672. 

iron,  402. 

king,  658.  Ac. 

queen,  655. 

suspending,  620. 

tie,  551,  Ac,  572. 

upset,  408. 
Rolled 

iron.    See  Iron,  Wrought. 
Roller,  Rollers, 

anti-friction,  374*,  792,  Ac 

expansion,  614. 

friction,  374e,  792,  Ac. 
Rolling 

friction,  374b. 

load,  646,  564,  806-807. 

stock,  806,  Ac,  814,  815,  Ac. 
repairs,  815. 

resistance  of,  374a. 
Roof,  Roofs, 

arched,  600. 

copper,  416. 

cost  of,  580. 

coverings,  weight  of,  551,  Ac,  581. 

details,  582. 

effect  of  acid  fumes  on,  418, 428. 
of  rise  on  weight  of,  581. 

Pink,  574,  578-580. 

frost-proof,  Burnham's,  801. 

iron  for,  403. 
arch,  600. 
details,  582,  583. 

lead,  415,  416. 

leak  in,  to  stop,  429,  431. 

Moseley,  600. 

painting  of,  403,430. 

pitch  of,  428,581. 

purlin,  551, 582. 

rafter,  355,  551,  Ac,  582. 

rise  of,  effect  on  weight  of,  681. 

sheet-iron,  403. 

shingle,  429. 

slate,  weight  of,  428. 

snow  on,  221. 

to  stop  leak,  429,  431. 

tin,  418. 

truss.    See  Truss. 

weight  of,  affected  by  rise,  681. 
with  load,  680. 

wind  on,  216. 

wooden,  details,  613.  - 

zinc,  418. 
Root,  Roots,  40. 

cube  and  square,  tables,  40. 

of  decimals,  to  find,  63. 

fifth,  251. 

of  large  numbers,  to  calculate,  62. 

square  and  cube,  tables,  40. 

square,  of  diameters,  247. 
of  fifth  powers,  253. 
Rope,  Ropes,  414. 

strength  of,  414, 466. 

weight  of,  414. 

wire,  413. 
ftosendale  cement,  673. 
Basin,  weight,  384. 


Rot  of  timber,  426. 
Rotary  drills,  652. 
Rotary  motion,  365. 
Rotating  bodies,  365. 
Rough-casting,  431,  674. 
Roughness, 

coefficient  of,  244,  272,  273. 
Rubble, 

adhesion  to  mortar,  670,  677. 

arches,  681, 696. 

cost,  668. 
'  foundations,  634. 

proportion  of  mortar  in,  383. 

quarry,  loose,  380,  751. 

retaining  walls,  690. 

strength,  437. 

voids  in,  669,  741. 

weight  of,  383. 
Rule,  Rules, 

of  three,  35. 

two-foot,  to  measure  angles  by,  68. 
Rupture.    See  Strength. 

coefficient  of,  485. 

constant  of,  486. 

modulus  of,  485. 

moment  of,  479-484. 
Russian  weights  and  measures,  894. 

s. 

Safety, 
allowance  for.    See  Safety,  Factor  of. 
castings,  770,  779. 

coefficient  of.    See  Safety,  Factor  oL 
factor  of, 

for  beams,  499,  521,  540. 

for  piles,  644. 

for  pillars,  442,  446. 

for  retaining  walls,  686. 

for  suspension  bridges,  617. 

for  truss  bridges,  607. 
rail,  779. 

switch,  770,  775,  778. 
Salmon  brick,  671. 
Salt, 
effect  on  mortar,  670,  678. 
water,  effect  on  iron,  218,  645. 

weight  of,  217. 
weight  of,  884. 
Samson 
joint,  765. 
post,  630. 
Sand 
augers,  626,  Ac. 
bar  sand,  669. 
blasting  of,  663. 
in  cement,  674,  676,  678,  6791. 
for  centers,  striking,  718. 
in  concrete,  678. 
cost  of,  669. 
dredging,  631. 

effect  on  cement,  674,  676, 678. 
excavating  in,  742,  Ac. 
for  foundations,  684. 
load  of,  427. 

for  mortar,  669,  677,  678. 
natural  slope  of,  690. 
penetrability  of,  644, 
piles,  626,  650. 
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8and — conti  nued. 
iu  plaster,  426. 
pressure  of,  083,  Ac. 
price  of,  669. 
pump,  626,  650. 
retaining  walls  for,  683,  Ac. 
slope,  natural,  690. 
specific  gravity  of,  381,  384. 
-stone, 
expansion  by  heat,  212. 
strength  of,  437,  466,  493. 
weight,  384. 
sustaining  power  of,  634, 644. 
voida  in,  384, 677. 
weight  of,  381,  384. 
San  of  timber,  425. 
Saylor's  Portland  cement,  673. 
Scale,  boiler,  top  of  218. 
Scales,  track,  803. 
Scarfs,  lengthening,  610. 
Scarp  revetment,  692. 
Scoop,  tender,  802. 
Scour  of  streams,  279/. 
Scrapers,  earthwork,  747. 
Screeding,  426. 
Screw,  Screws,  342. 
Archimedes,  379. 
for  centers,  striking,  713. 
cylinders,  645. 
leveling,  189,  202. 
piles,  645. 

standard  dimensions,  406. 
Seamless  pipes  and  tubes,  417. 
Sea 
mile,  387. 
tides,  219. 

water,  217, 219, 645. 
worms,  425. 
Secant,  59. 

of  latitudes,  177. 
Seconds  in  decimals  of  a  degree,  57. 
Seconds  pendulum,  385. 
Section 
effective,  in  riveted  girders,  538. 
of  land,  area  of,  389. 
Sector,  circular,  146. 
center  of  gravity  of,  351 C 
spherical,  center  of  gravity,  851,/. 
Sediment  in  reservoirs,  288. 
Segment,  Segments, 

circular,  146, 147,  351  d. 
v    columns,  Phoenix,  441,  442,  449,  758. 
spherical,  166. 
center  of  gravity  of,  351 «,/. 
Self-acting  frog,  785. 
switch  stand,  776. 
Sellers  dimensions  of  bolts,  Ac,  406. 
Sellers  turntable,  792. 
Semi-circle,  center  of  gravity,  351  a.  c, 
Semi-parabola,  center  of  gravity  of,  351 
Separators  for  beams,  523  6,  d. 
Service  pipe,  294,  299,  416. 

insertion  of,  294,  299. 
Setting  of  cement,  674. 
Settlement 
of  backing,  684. 
of  centers,  713,  Ac,  720, 
of  embankment.  741. 


1  Sewer,  Sewers, 
flow  in,  279c. 

Kutter's  formula,  244,  271. 
grade  of,  279c. 

rain-water,  rate  of  reaching,  279c 
velocities  in,  279c. 
Sextant, 
angles  measured  by,  114. 
box  or  pocket,  194. 
center  of  gravity  of,  351  c. 
Shaft  of  tunnel,  754. 
Shafting, 
deflection  of,  510. 
friction  of,  374d. 
strength  of,  477. 
Shale,  weight,  384. 
Sharpening  tools,  cost,  743. 
8hear,  476,  532. 

double  and  single,  470, 470. 
Shearing 
of  beams,  532. 
of  nails,  4256. 
of  rivets,  470,  Ac. 
strains,  532. 
strength,  476. 
Sheet,  Sheets, 
brass,  415. 
copper,  415,  416. 
iron,  403. 
corrugated,  403. 
galvanized,  403. 
roof,  403. 
lead,  415,  416. 

metals,  thickness  of,  410, 411. 
piles,  641. 
zinc,  418. 
Sheeting  of  centers,  711, 719. 
Shell 
-lime,  670. 
spherical,  166. 

weight  of,  398, 400, 
Shilling,  value  of,  385  5. 
Shingles,  429. 
Shoes  for  piles,  644. 
Shops,  railroad,  cost,  799. 
Shoveling  earth,  742. 
Shovels,  wear  of,  743. 
Shrinkage  of  embankment,  741. 
Siemens'  electrical  blasting  machine,  66A 
Sieves  for  cement,  678. 
Signal  target,  772,  &c,  775,  779. 
8ilver, 
coins,  Ac,  385  b. 
strength,  466. 
weight,  884,  386. 
Similarity,  geometrical,  64, 
Simple 
proportion,  35. 
d.        interest,  37. 

d.    Simultaneous  firing  of  blasts,  665. 
Sine,  Sines,  59. 
natural,  defined,  69. 

table,  60. 
of  polar  distances  of  Polaris,  17T. 
Single 
riveting,  468. 
rule  of  three,  35. 
shear,  470. 
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Siphon,  241. 
Skew-back,  693. 
Skidding  of  wheels,  374a. 
Slacking  of  lime,  669,  670. 
Slate,  427. 

compressibility,  434  e. 

expansion  by  heat,  212. 

roofs,  weight  of,  428. 

strength, 
compressive,  437. 
tensile,  466. 
transverse,  493. 

weight,  384. 
Slating,  427. 
Sleeping  cars,  811,  812. 
Sleeves  for  pipes,  296. 
Sliding,  370. 

angle  of,  355, 371. 

friction,  370,  Ac. 

of  retaining  walls,  692. 
Slope,  Slopes.    See  Grade. 

allowance  for,  in  chaining,  176. 

angle  of,  176,  354,  723,  724. 

hydraulic,  244,  272. 

instrument,  206,  724. 

of  maximum  pressure,  687. 

natural,  684,  686,  690. 

tables,  176,  354,  723-725. 
Sloping  weirs,  267  i. 
Slugger  rock-drill,  656. 
Sluices  in  dams,  285. 
Snow,  221,  384. 
Soakage,  loss  by,  269. 
Soap  as  a  lubricant,  374c 
Soapstone,  weight,  384. 
Soap-wash  for  walls,  672. 
Soffit,  denned,  693. 
Soil,  Soils, 

boring  in,  626. 

dredging,  631. 

excavation  of,  742. 

leakage  through,  222. 

penetrability  of,  644. 

pressure  of,  683,  Ac. 

reaction  of,  elastic,  644. 

scour  of,  279/. 

sustaining  power  of,  634,  644. 

weight,  382,  under  **  earth." 
Solid,  Solids,  154. 

center  of  gravity  of,  351  f. 

defined,  54. 

expansion  by  heat,  212. 

measure,  389. 
metric,  392. 

mensuration  of,  154. 

specific  gravity  of,  380,  Ac. 
Sound,  211. 

South  St  bridge,  Phila,  648. 
Southing,  168. 
Sovereign,  385  5. 
Span,  defined,  693. 
Spandrel,  693,  698. 
Spanish  weights  and  measures,  394. 
Sjiecinc  gravity,  MSO. 
Speed,  Speeds.    See  Velocity. 

of  locomotives,  809. 

of  teams,  743,  747. 

of  train,  to  estimate,  813. 


Spelter.    See  Zinc. 

Sphere,  Spheres,  162, 163.   See  Spherical 

center  of  gravity  of,  348,  Ac. 

vol  rime  of,  389. 
Spherical 

sector, 
center  of  gravity  of,  351/. ' 

segment  166. 
ceuter  of  gravity  of,  351 «,  /. 

shell.  166. 

weight  of.  398,  400. 

soae.  166. 
center  of  gravity  of,  351/ 
Spheroid,  166. 

center  of  gravity  of,  351 «,/ 
Spigot  iu  pipe-joint,  295. 
Spindle 

circular,  167. 

torsional  strain  in,  477. 
Spikes,  762. 

Splices,  timber,  610, 612. 
Split  switch,  774-776. 
Spreading  of  earth,  743. 
Spring,  Springs, 

of  arch,  693. 

in  foundation*,  634. 

frog,  784. 
Spruce, 

strength,  434*,  436,  463,  476,  493. 

weight,  384. 
Spudding,  628. 
Square,  Squares, 

area,  119. 
equivalents  of,  in  circles,  123. 

center  of  gravity  of,  861  a. 

measure,  389. 
metric,  392. 

mensuration  of,  119. 

of  numbers,  table,  41. 

of  radius  of  gyration,  44%  538,  540. 

roots,  40. 
of  decimals,  to  find,  63. 
of  diameters,  247. 
of  fifth  powers,  253. 
of  large  numbers,  to  calculate,  52. 
tables,  40. 

sides  of,  119, 123. 

tables  of,  41. 
Stability,  235,  356. 

of  arches,  358,  Ac,  700. 

fractional,  352-361. 

on  inclined  planes,  352,  Ac 

moment  of,  357. 

of  retaining  walls,  683. 
Stable  equilibrium,  235,  348,  358. 
Stadia  hairs,  190. 
Stand-pipes,  298. 

for  railroad  water-stations,  801. 

for  water-works,  298. 
Stand,  switch,  772. 
Standard  railway  time,  396. 
Star,  Stars, 

Alioth,  177. 

iron,  sizes  and  prices,  402. 

North,  177. 

Pole,  177. 

to  regulate  a  watch,  Ac,  by,  395. 
Statics,  306. 
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Station,  Stations, 
expense,  815. 
in  surveys,  197,  Ac,  204. 
water,  800. 
Way,  cost,  803. 
Statistics, 
arches,  605. 
railroad,  814-8181 
rainfall,  220. 
Stays,  cable,  616. 
Steam, 
average  pressure,  809. 
boiler  pressure,  809. 
cylinder  pressure,  809. 
dredges,  631. 
engine, 
locomotive,  806-810. 
pumping,  801. 
excavator,  760. 
expansion  of,  809. 
initial  pressure  of,  809l 
pile  drivers,  641, 642. 
pipes,  406. 
pressure,  809. 
rock-drill,  652. 

warming  by,  surface  required,  399. 
Steel 
beams,  498,  618,  623  e,  d. 
buckled  plates,  409. 
chains,  strength,  415. 
cohesive  strength  of,  464, 465. 
columns,  442,  458. 
compressibility,  434  e. 
compressive  strength,  438. 
cost  of,  402. 
ductility,  434  & 
elastic  limit,  434  * 
expansion  by  heat,  212. 
friction  of,  373,  Ac. 
modulus  of  elasticity,  434  e. 
*  nails,  4256. 
pillars,  442,  458. 
plates, 
buckled,  409. 
tinned,  418. 
price,  402. 
rails,  76a 

frogs  of,  781. 
rope,  413. 

shearing  strength,  476. 
strength,  438,  464,  465,  476,  477,  493. 
stretch  of,  434  e. 
tensile  strength,  464,  465. 
ties,  760. 

tires,  807,  812,  813. 
torsional  strength,  477. 
transverse  strength,  493. 
weight,  384, 400, 401. 
wire,  412. 
rope,  413. 
Sterling's  toughened  cast-iron,  620. 
8tifleners  for  plate-girders,  639. 
Stock  rails,  774. 
Stone,  Stones, 
adhesion  to  cement,  677. 

mortar,  670. 
arch-,  693. 
arches,  quantity  in,  702. 


Stone,  Stoues— continued. 

artificial,  466,  678,  681. 

ballast,  759,  804. 

beams,  493, 604. 

-breaker,  680. 

bridges,  693.    See  also  Arch. 
centers  for,  711. 

broken,  voids  in,  380,  678,  75L 

buildings,  cost  of,  668. 

cohesive  strength,  466. 

compressive  strength,  437. 

for  concrete,  678,  Ac. 

crusher,  680. 

-cutter,  day's  work,  667. 

dams,  229,  231. 

dressing,  667. 

drilling,  651,  Ac 

excavating,  751. 

expansion  by  heat,  212. 

friction  of,  373,  Ac. 

key-,  693. 

quantity  in  arches,  Ac,  702,  An, 

quarrying,  651-667. 

random,  634. 

Bansome's,  466. 

strength,  437,  466,  493. 

tensile  strength,  466. 

transverse  strength,  493. 

weight,  381,  Ac. 

-work,  651,  761. 
strength,  437. 
weight,  229,  383. 
Stop,  Stops^ 

corporation,  for  pipes,  294,  299 

leak  in  roof,  429,  431. 

-valves  for  water-pipes,  301. 
Storage  reservoirs,  289. 
Strain,  Strains,  318  A,  Ac.,  434,  Ac. 

in  beams,  vertical,  532. 

flange,  529,  537. 

repeated,  435. 

shearing,  532. 

in  suspension  bridges,  616,  Ac. 

in  trusses,  551,  Ac.    See  also  Tmeses 

vertical,  in  beams,  632. 
Stream,  Streams, 

abrasion  by,  279/. 

flow  in,  268. 

to  gauge,  268. 

horse-power  of,  280. 

pressure  of  running,  279/,  Ac. 

scour  of,  279/. 

virtual  head.  280. 
Street  pipes,  290,  Ac.    See  also  Pipes. 
Strength,  Strengths.   See  also  the  article 
in  question. 

of  arches,  693,  Ac. 

of  beams,  478, 493. 

of  bridges.    See  Arch,  Truss,  Ac 

cohesive,  463. 

compressive,  436,  Ac. 

of  cylinders,  232,  516. 

of  materials,  434. 

of  piles,  643. 

of  pillars,  439,  Ac. 

of  retaining  walls,  683,  Ac. 

of  riveted  joints,  468,  Ac,  472. 

of  shafting,  477. 
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Strength,  Strengths— continued. 

shearing,  470. 

tensile,  463. 

torsional,  476. 

transverse,  478. 
Stress,  defined, 318  A. See  Strain,  Strength. 

nange  of,  435. 

repeated,  435. 
Stretch 

of  materials,  434  s. 
Striking  of  centers,  711, 713,  720. 
Stringers,  track,  545,  Ac. 
Stmt,  Struts, 

defined,  325,  547,  554. 

-tie,  defined,  325,  547. 
Stub's  gauge,  411. 
Stub  switch,  770,  771. 
8tucco,  426,  674. 
Stumps,  blasting  of,  663. 
Sub-delivery,  cost,  804. 
Submerged  weirs,  267  e. 
Subterranean  temperature,  215. 
Suddenly  applied  loads,  434/. 
Sulphur,  weight,  884. 
Sun-dial,  to  make,  397. 
Supplement  of  angle,  56. 
Supported  joints,  763. 
Surcharge,  685,  Ac. 
Surface  velocity,  268. 
Surveying,  168. 
Suspended  joints,  763. 
Suspenders  of  suspension  bridges,  620. 
Suspension 

bridges,  615,  Ac. 
cables  of,  412, 615,  Ac. 

links,  614. 

trusses,  548. 
Sway-bracing,  543. 
Swing  bridges,  strains  in,  593. 
Switch,  Switches,  770,  Ac 
Swivel,  583. 
Sycamore, 

strength,  434*  436,  463,  493. 

weight,  384. 
Symmetry,  axis  of,  235. 
8yphon,  241,  Ac. 
System,  metric,  392. 
Systeme 

ancien,  393. 

usuel,  893. 


T. 

T  iron,  442,  525. 

rails,  760,  763. 
Table,  turning,  790. 
Tables.    See  the  article  in  question. 
Tallow, 

as  a  lubricant,  374c. 

weight  of,  384. 
Talus,  692. 
Tamping,  661,  Ac. 
Tangential 

angle,  725  6,  726-728. 

distance,  725  6,  726-728. 
Tangeni,  Tangents,  59,  60. 

to  cir\les,  to  draw,  124. 

to  as  illipee,  to  draw,  150. 


Tangent,  Tangents— continued, 
natural,  59,  60. 
to  a  parabola,  to  draw,  1&3. 
screw,  190,  202. 
Tank, 
frost-proof,  801. 

of  tender,  capacity  of,  805,  Ac,  808. 
thickness,  227,  803. 
track,  802. 
water,  800,  Ac. 
Tapping  of  pipes,  294,  299. 
Tapping  trees,  effect  on  timber,  4G3. 
Tar,  M'eight,  384. 
Target,  signal,  772,  Ac,  775, 779. 
Tarpaulin,  680. 
Taxes,  railroad,  815. 
Teams,  speed  of,  743, 747. 
Telegraph  expense,  annual,  815. 
Temperature,  212.    See  Heat, 
of  air,  215. 

altitude,  effect  on,  215. 
effect  on 
cement,  674,  675. 
evaporation,  222. 
metals,  Ac,  212. 
rails,  212,  763. 
rainfall,  220. 
strength  of  iron,  466. 
surveying  clmi  us,  168. 
trusses,  614. 
velocity  of  sound,  211. 
•  weight  of  WH'er,  217,  386. 
subterranean,  215. 
thermometers.  213. 
Tender,  Tenders,  546,  805-810. 
-scoop,  802. 
weights,  546,  805.  Ac. 
Tensile  strength,  463. 

of  riveted  joints,  472. 
Teredo,  425. 
Teme  plates,  418. 
Terra-cotta  pipes,  279d. 
Test 
borings,  626,  633. 
of  cements,  674,  675. 
of  instruments,  191-206, 
Tetrahedron,  154. 
Theodolite,  193. 
Thermometers,  213. 
Thilmany  process,  425a. 
Thin  partition,  flow  through,  26C. 
Three,  rules  of,  35. 
Three  throw  switch.  776. 
Three-way  valves,  302. 
Throat  of  frog,  761. 
Throw  of  switch,  773. 
Thrust,  line  of,  359,  Ac,  700. 
Tides,  219. 
Tie,  Ties, 
-beam,  551,  Ac. 
cross,  759,  804,  815. 
defined,  325,  547. 
land-,  692. 
rod,  551,  Ac. 
raised,  572. 
steel,  760. 

-strut,  defined,  325,  547. 
and  strut,  to  distinguish,  325,  690. 
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Timber.    See  also  Wood,  Wooden. 

beams,  499,  502,  512,  513,  514. 

bled,  strength  of,  463. 

board  measure,  table,  420. 

boxed,  strength  of,  463. 

cohesive  strength,  463. 

compressibility,  434  «. 

compressive  strength,  436. 

cost,  425. 

creosoting,  425. 

crushing  strength,  436. 

dams,  282. 

ductility,  434  «. 

durability,  425. 

elastic  limit.  434  «. 

friction  of,  373,  Ac. 

joints,  610,  612. 

limit,  elastic,  434  «. 

modulus  of  elasticity,  434 «. 

preservation  of,  425. 

shearing  strength,  476. 

splices,  610,  612. 

strength,  436,  463,  476, 477, 483. 

stretch  of,  434  e. 

tensile  strength,  463. 

for  ties,  759. 

torsional  strength,  477. 

transverse  strength,  493. 

trestles,  755. 

turntables,.  797. 

turpentine,  strength  of,  463. 

weight,  381,  Ac. 
Time,  395. 

standard  railway.  896. 
Tin,  418. 

compressibility,  434  c 

ductility,  434  e. 

elastic  limit,  434  e. 

expansion  by  heat,  212. 

leaded,  418. 

modulus  of  elasticity,  434  e. 

roofing,  418. 

strength,  438,  466. 

stretch  of,  434  a. 

weight,  385,  400. 
Tinned  steel  plates,  418. 
Tire, 

car-wheel,  811,  812. 

locomotive,  807. 

wagon,  380. 
Toe  of  switch,  771,  774,  786. 
Ton,  x,  387. 

of  coal,  volume  of,  389. 

-mile,  809,  Ac,  814,  Ac 
Tongue 

of  frog,  780. 

-switch,  774. 
Tonite,  664. 
Tools,  wear  of,  743. 
Top  heading,  754. 
Torpedoes,  nitro-glycerine,  661. 
Torsion,  476. 

Toughened  cast-iron,  Sterling's,  520. 
Towers  of  suspension  bridges,  618, 620. 

valve  towers,  289. 
Town's  truss,  596. 
Tracing-cloth  and  paper,  438. 
Track.    See  Rail. 

gauge  of,  773  814. 


Track— continued. 

laying,  cost,  804. 

repairs,  815. 

•scales,  803. 

stringers,  545,  Ac 

tank,  802. 

trough,  802. 
Traction,  375. 

of  cars,  808. 

on  grades,  808. 

of  horses,  875, 377. 

of  locomotives,  808,  SOU. 
Trailing  switch,  770. 
Train, 

expenses,  815. 

-mile,  809,  Ac. 

speed,  to  estimate,  813. 

weight,  546,  564. 

of  wheels,  342. 
Transformation  of  profile,  691. 
Transit,  the  engineer's,  188. 
Transmission  of  pressure  in  liquids,  227. 
Transverse 

girders,  545,  Ac. 

strength,  478. 
Trap  rock,  weight,  384. 
Trapezium,  120, 348. 
Trapezoid,  120. 

center  of  gravity  of.  348,  Ac 
Trapezoidal  notch,  267  j. 
Traverse  table,  180-187. 
Tread,  765. 

of  car-wheel,  765. 

-wheel,  378,  641. 

of  wheel,  380,765. 
Trees,  blasting  of,  663. 
Trembling  of  dams,  286  b. 
Tremie,  680. 

Trenton  wire  gauge,  412. 
Trestles,  755. 
Triangle,  Triangles,  110. 

center  of  gravity  of,  348,  Ac. 

in  or  about  a  circle,  123. 

of  forces,  330,  588. 

mensuration  of,  110. 

right-angled,  112. 
Triangular  truss,  558. 
Trigonometry,  plane,  112. 
Tripod,  189. 
Trough, 

flow  through,  263. 

track,  802. 
Troy  weight,  387. 
Trunnion,  friction  of,  374d. 
Truss,  Trusses,  547. 

Boll  man,  strains  in,  686. 

bow-string,  strains  in,  588. 

braced  arch,  strains  in,  592. 

bracing,  lateral,  610. 

bridge,  arrangement  of,  608,  Ao» 

Burr,  601. 

camber,  607. 

cantilever,  593. 

for  centers,  716.  Ac. 

chords  of,  650, 612. 

contraction  by  cold,  614. 

cost,  580. 

couuter-bracing,  564. 

crescent,  strains  in,  588. 
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Trass,  Trasses — continued, 
diagrams,  551,  Ac. 
dimensions,  for  bridges,  595-405. 
distance  apart  in  bridges,  609. 
erection  of,  608. 

expansion   by    heat,    allowance    for, 
614. 

rollers,  614. 
eye-bars  and  pins,  612. 
factor  of  safety,  607. 
false-works,  606. 
Fink 

bridge,  arrangement  of,  603. 
strains  in,  584. 

roof  compared  with  king  and  queen, 
578. 
strains  in,  574. 
floor  girders,  610. 
forces  acting  on,  551. 
headway,  609. 

horizontal  bracing,  542,  610. 
horizontal  strains  in,  562,  591,  Ac. 
Howe,  594. 
joints,  688, 610,  612. 
king  and  queen,  551,  Ac. 

compared  with  Fink,  578. 
lateral  bracing,  610. 
lattice,  596. 

loads  on,  greatest  probable,  for  bridges, 
606,623. 

moving,  546,  564,  805-807. 
Moseley,  600. 

moving  loads  on,  546,  564,  805-807. 
obliqnes, 

best  inclination  for,  548. 

to  find  length  of,  122,  608. 
overturning  tendency,  609. 
panel,  548. 

pins  and  eye-bars,  612. 
posts  in,  549. 
Pratt,  595.    ' 
purlins,  551, 582. 
queen  compared  with  Fink,  578. 
rafters  of,  355,  551,  Ac,  682. 
raising  of,  608. 
rise  of,  effect  on  weight,  581. 
rollers,  expansion,  614. 
roof,  details,  582. 

forms  of,  551,  Ac,  670.  Ac 

strains  in,  561,  Ac,  570,  Ac. 
safety,  factor  of,  607. 
Smithfield  St.,  Pittsburg,  698. 
splices,  610,  612. 
stratus  in,  551,  Ac. 
suspension,  548. 
in  suspension  bridges,  615. 
suspension  links,  614. 
of  swing  bridges,  strain*  in,  593. 
tendency  to  overturn,  609. 
tie-beams  in,  551,  Ac. 
Town's  lattice,  596. 
triangular,  558. 
verticals  in,  549. 
Warren,  658. 

counter-bracing,  668. 
weight  of,  affected  by  rise,  581. 
weights  of,  for  bridges,  605. 

for  roofs,  573,  678-580. 


Tube,  Tubes.    See  also  Pipes. 

boiler,  405. 

brass,  seamless  drawn,  417. 

bubble,  to  replace,  193. 

copper,  seamless  drawn,  417. 

flow  in,  236,  Ac.    See  Pipes,  Flow,  Ac. 

iron,  405. 

Pitot's,  269. 

pressure  of  water  In,  232,  Ac,  239. 

seamless,  417. 

short,  flow  through,  259. 

welded,  405. 
Tumbling  lever,  772,  776,779. 
Tunnel,  754. 
Tu  if,  weight,  385. 
Turn-buckle,  583. 
Turnouts,  770,785. 
Turnpike,  grades  on,  723, 
Turntables,  790. 

cast-iron,  792. 

wooden,  797. 

wrought-iron,  793. 
Turpentine,  430. 

timber,  strength  of,  463. 
Tyler  switch,  770. 
Tympan,  379. 

TJ. 

Undecagon,  110. 

Ungula,  cylindric,  169,  351  g. 

Unit 

of  rate  of  work,  316. 

of  work,  316. 
United  States 

cements,  673,  679. 

coins,  386. 

measures,  390. 

railroad  Htatistics,  814,  Ac. 

standard  dimensions  of  bolts,  Ac,  406. 
Unstable  equilibrium,  235,  348. 
Upright  switch-stand,  772. 
Upset  rods,  408. 
Useful  work,  318. 

V. 

Vacuum  process  for  sinking  oyliuders, 

647. 
Valve,  Valves, 

air,  297. 

four- way,  302. 

outlet,  290. 

stop,  301. 

three-way,  302. 

-tower,  289. 

for  water-pipes,  301. 
Variation 

of  compass,  196. 

line  of  no,  197. 

vernier,  193. 
Vegetation  in  reservoirs,  289. 
Vehicles,  friction  of,  3745. 
Vein,  contracted,  258,  260. 
Velocity,  Velocities. 

of  abrasion,  279/. 

accelerated,  307. 

through  adjutages,  259. 

affected  by  material  of  pipe,  244. 

angular,  365. 
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Velocity,  Velocities— continued, 
through  apertures,  257,  Ac. 
of  approach,  287  g. 
in  channels,  268,  Ac. 

Kutter'g  formula,  271. 
dellned,  307. 

effect  of,  on  friction,  374. 
of  falling  bodies,  258,  362. 
head,  237. 

for  a  given  velocity,  to  find,  248. 
imparted  gradually,  311. 
on  inclined  planes,  363. 
Kutter's  formula,  244,  271. 
material  of  pipe,  effect  on,  244. 
mean,  243,  268,  Ac. 
of  outflow,  258. 
in  pipes,  243,  Ac,  245,  Ac 
retarded,  807. 
in  rivers,  268,  Ac. 
in  sewers,  279c. 
in  short  tubes,  259. 
of  sound,  211. 
theoretical,  of  outflow,  258. 
of  trains,  8(i9;  to  estimate,  813. 
uniform,  307. 
virtual,  339. 
of  water,  236,  Ac. 
of  wind,  216. 
Vena  contracta,  258,  260. 
Ventilation, 
air,  quantity  required,  215. 
of  tunnels,  754. 
Venturi  meter,  260. 
Vernier,  190. 

variation,  193. 
Verrugas  viaduct,  758. 
Versed  sines,  59. 
Vertical,  Verticals, 
defined,  54. 
of  buoyancy,  235. 
of  equilibrium,  235. 
of  flotation,  235. 
strains  in  beams,  632. 
in  a  truss,  547. 
Vessel,  Vessels, 
air,  298. 

contents  of,  154,  Ac,  390,  Ac. 
floating,  235,  286. 

metallic,  effect  of  water  on,  218, 410. 
Viaduct, 
Cm  nil  in,  766. 
Genesee,  756,757. 
Kinzua,  758. 
Loch-Ken,  599,  647. 
Portage,  756.  757. 
Verrugas,  758. 
Vibrating  bodies,  364. 
Vibration,  364. 
Virtual 
head,  258, 280. 
velocities,  339. 
Vis  viva,  318  a. 
Voids 
in  broken  stone,  380, 678,  751. 
in  concrete,  678. 
in  rubble,  669,  741. 
in  sand,  384,677. 
Voussoir,  693. 


w. 


Wagons,  friction  of,  3746. 
Wall,  Walls, 

backing  of,  683. 

battered,  685,  Ac. 

bricks,  number  in  a  sq  ft  of,  669-671. 

cost,  667,  668. 

dam,  229,  Ac,  282,  287. 

face,  683. 

foundations  for,  633,  Ac. 

incrustation  of,  673,  67S. 

offset,  663. 

plates,  524,  544,  614. 

of  reservoirs,  287. 

retaining,  683. 

soap-wash  for,  672. 

spandrel,  693,  Ac 

stability  of,  229,  686. 

surcharged,  685,. Ac. 

water,  to  render  impervious.  673* 
to  resist  pressure  of,  229,  Ac. 

wlmrf,  236,  691. 

wing,  704. 
Walnut, 

strength.  436,  463,  493. 

weight,  385. 
Ward's  flexible  pipe-joint,  296. 
Warming  by  steam,  surface  required,  990 
Warren  truss,  658,  668. 
Washers,  406. 

lock-nut,  408.  . 
Washes  for  walls,  430,  Ac.  672. 
Washington  monument,  concrete.  679. 
Waste, 

for  locomotives,  cost,  810,816. 

of  water,  in  cities,  287. 

weir  for  reservoirs,  289. 
Watch,  to  regulate  by  star,  396. 
Water,  217. 

for  boilers,  top  of  218. 

boiling,  to  measure  heights  by,  209. 

buoyancy,  234,  Ac. 

brick-work,  to  render  impervious,  672 

in  cement,  quantity  required,  676,  678. 

cisterns,  233,  800-803. 

column,  801. 

compensation,  290. 

composition  of,  217. 

compressibility  of,  217. 

concrete  under,  680. 

corrosion  by,  218,  646. 

dams  for,  229, 282. 

discharge.    See  Discharge. 

effect 
on  cement,  673,  Ac 
on  dynamite,  663. 
on  iron,  218,646. 
on  lime,  669,  67a 
of  zinc  on,  219, 419. 

evaporation,  222. 

flow  of.    See  Flow, 
foundations  in,  634,  Ac. 

freezing  of,  217,  219. 

friction  of,  in  pom  ping  mains.  867, 
gutes,  301. 

head  of,  2*4,  237,  394a-394c. 
horse-power  of,  280. 
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Waters-Woo*. 


Water — continued. 
Jet,  for  pile-driving,  646. 
leakage,  222,  269, 282, 288. 
for  locomotives,  218,  801-810,  815. 
masonry,  to  render  impervious,  672. 
meters,  270. 
momentum  of,  234. 
pipes,  290,  Ac.    See  also  Pipes, 
in  pipes.     See  Pipes,  Velocity,  Flow, 

Discharge,  Pressure,  Ac. 
power,  280. 

pressure,  222,  Ac,  239,  394  a  394  c. 
in  cylinders,  232. 
in  pipes,  232,  Ac,  239,  257. 
running,  279/,  Ac. 
still,  222. 

walls  to  resist,  229,  Ac. 
quantity  required  in  cities,  287. 
rain,  218,  385. 
ram,  234,  298,  303. 
reservoirs  for,  287,  Ac. 
resistance  to  moving  bodies,  280. 
running,  pressure  of,  279/,  Ac. 
salt,  effect  on  metals,  218,  645. 
scouring  action,  279/. 
•  size  of  commercial  measures  by  weight 

of,  391. 
stations,  800. 
storage  of,  288. 
supply,  287,  Ac. 
tank,  thicknesses,  803. 
traction  on,  375. 

in  tubes,  flow  of,  236,  Ac.  See  also  Flow. 
velocity.    See  Velocity, 
walls,  to  render  impervious,  672, 

to  resist  pressure  of,  229,  236. 
way,  contraction  of,  703. 
weight  of,  217,  385. 
in  pipes  one  foot  long,  246. 
size  of  commercial  measures  by,  391. 
wheel,  280. 
Wax, 

weight,  385. 
Way, 
permanent,  759. 
station,  cost,  80S. 
Wear 
of  cars,  811. 
of  locomotives,  811. 
of  rails,  760. 
of  ropes,  414. 
of  ties,  759. 
of  tools,  743. 
of  wheels,  807, 812. 
of  wire  ropes,  414. 
Web 
of  beams,  529. 
members  of  truss,  547. 
of  riveted  girders,  539,  540. 
Wedge,  Wedges, 
mensuration  of,  161. 
striking,  for  centers,  711, 712,  720. 
Weight,  Weights,  381,  Ac.    See  also  the 
article  in  question, 
of  centers  for  arches,  719. 
on  driving  wheels,  546,  564,  805,  Ac. 
French,  old,  393. 
and  measures,  385,  Ac. 


Weight,  Weights— continued. 

metric,  381,  Ac,  993. 

Russian,  394. 

Spanish,  394. 

of  substances,  table,  381.    See  also  ths 
article  in  question. 
Weir,  265,  Ac,  286. 
Well,  Wells, 

artesian,  627. 

boring,  626. 

contents,  157. 

masonry,  quantity  in  walls  of,  158. 
Wellhouse  process,  426a. 
Westing,  168. 

Westinghou8e  experiments,  374. 
Wet 

perimeter,  244. 

rot,  425. 
Wharf 

spikes,  762. 

walls,  236,  691. 
Wharton  switch,  778. 
Wheel,  Wheels, 

and  axle,  339. 

barrows,  loads  of,  745,  Ac,  702. 

base,  729,  731,  806,  Ac. 

of  car,  812. 

cog,  342. 

driving,  805,  Ac. 

loads  on,  546,  564,  805-807. 

of  locomotives,  805,  Ac. 
loads  on,  646,  664,  805-807. 
•  meters,  270. 

Persian,  379. 

and  pinions,  342. 

skidding  of,  374a, 

tire  of,  locomotive,  805,  &©. 
of  cars,  812. 
of  wagon,  380. 

train  of,  342. 

tread  of,  380, 765. 

tread-,  378,  641. 

water-,  280. 
Wheeled  scrapers,  747. 
White  effervescence  on  walls,  673,  678. 

lead  paint,  429. 

-wash,  431. 
Whitworth  screw  thread,  Ac.,  408. 
WidthB  of  bridges,  542, 609. 
Winch,  339, 378. 
Wind,  216. 

effect  on  suspension  bridges,  616. 

mills.  801. 

pressure  on  roofs,  216,  680,  581. 
Wiue  measure,  390,  391. 
Wing 

of  frog,  780. 

-walls,  704. 
Wire,  410-412. 

brass,  copper,  411. 

fence,  803. 

gauges,  410-412. 

iron,  steel,  412. 

rope,  413. 

strength,  464. 
Wohler's  law,  435. 
Wood.    See  Timber,  Wooden. 

board  measure,  table,  420. 
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Wood— continued. 

cohesive  strength,  463. 

compressibility,  434  e. 

compressive  strength,  436. 

creosoting,  425. 

crashing  strength,  436. 

De  Volson,  rock-drill,  667. 

ductility,  434  e. 

durability,  425. 

effect,  on  cement,  678. 
of  lime  on,  670. 
of  mortar  on,  670. 

elastic  limit  of,  434  «. 

expansion  by  heat,  212. 

friction  of,  373,  Ac. 

fuel,  810,  Ac 

limit  of  elasticity,  434  e. 

modulus  of  elasticity,  434  e. 

preservation  of,  425. 

shearing  strength,  476. 

shingles,  420. 

specific  gravity  of,  381,  Ac. 

strength,  436,  463,  476,  477,  493. 

stretch  of,  434  & 

tensile  strength,  463. 

torsional  strength,  477. 

transverse  strength,  constants  for,  493. 

weight,  381,  Ac. 
Wood's  frog,  785. 
Wooden 

beams,  493,  Ac.    See  Beams,  Wooden. 

bridges,  514.    See  also  Truss,  Trestle, 
Bridge,  Ac 

dams,  282. 

pillars,  458,  Ac. 

pipes,  294. 

trestles,  755. 

turntables,  797. 
Work,  316. 

of  friction,  374/. 


Work — continued. 

rate  of,  unit  of,  318. 

unit  of,  316, 

useful,  318. 
World,  railroad,  miles  in,  818. 
Worm  fence,  803. 
Worms,  sea,  425. 
Wrecking  car,  750. 
Wrought-iron.    See  Iron,  Wrought. 

Y. 

Yard,  Yards,  386,  387. 
cubic,  of  earthwork,  732. 

equivalents  of,  389. 
Yielding  of  centers  for  arches,  713,  Ac, 

720. 

z. 

Z-bar  columns,  441,  454-456. 
Zigzag  riveting,  470. 
Zinc,  418. 

effect  of  mortar,  Ac,  on,  670,  673. 
of,  on  water,  419. 
of  water  on,  219. 

expansion  by  heat,  212. 

paint,  429. 

paint  on,  403. 

price,  419. 

roofing,  418. 

sheets,  418. 

strength,  compressive,  438. 

weight  of,  385,  398, 400, 401,  410* 
Zone,  Zones, 

circular,  146. 

of  circular  spindle,  167. 

parabolic,  152. 

spherical,  166. 

center  of  gravity  of,  351  /. 
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( INSTRUMENTS  OF  PRECISION.) 
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i.  HELLER  S 


lining  tables  mi! 
«  of  field  iiwtru- 


THE  BETHLEHEM  IRON  CO.. 

South  Bethlehem,  Pa.,  U.S.A. 


MANUFACTURERS  OP 

HOLLOW  STEEL  SHAFTING, 

Gun  and  other  Forgings, 

.a.:r:m:o:r,  plate. 


Fluid  Compressed,  Hydraulic  Forged  Steel, 

Steel  Rails,  Billets,  Blooms,  Slabs  and  Muck  Bar, 

Specialty  of  Extra  Quality  Bessemer  and  Open  Hearth. 


BOBT.  P.  LINDERMAN,  Pres.  C.  O.  BRUNNER,  Treasurer. 

BOBT.  H.  SAYRE,  Viee-Pres.  and  Cten.  Mgr.      JOHN  FRITZ,  Chief  Eng.  k  Gen.  Supt. 

ABRAHAM  8.  8CHROPP,  Secretary.  R.  W.  DAVENPORT,  Assist.  Supt. 

Cambria  Steel 


Standard  and  Light  Weights, 

STMT  MILS,  SPLICE  BARS,  BOLTS,  and  NDTS, 

Bessemer  and  Open-Hearth  Blooms. 
STEEL  BILLETS,  BARS,  ANGLES,  CHANNELS,  AND  FORGINGS. 


CAR  AXLES, 
LOCOMOTIVE  AXLES, 
CRANK-PINS, 
PISTON-RODS, 


Made  of  Toughened 
Steel,  Tempered  and 
Annealed  by  Coffin's 

'  Patented  Process. 


SEND    FOR  SPECIAL  CIRCULAR. 


SIDE-RODS,   PARALLEL    RODS. 


Address  i  Main  Office,  CAMBRIA  IRON  00.,  218  South  Fourth  Street, 

Philadelphia,  Fa, 

Braiioh  Offices  1 1 Ph<Bnix  B*ilding>  Chicago,  Ills. 

I  Ooolbaugh  &  Pomeroy,  No,  29  Broadway,  New  York,  N.  Y. 

(WORKS  AT  JOHNSTOWN,  PA.) 
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PENNSYLVANIA  STEEL  CO. 

STEEL  BAILS  IXigSST 

For  Steam  Roadi,  Street  Railways  and  Tramwayi. 

8PLI0ES  TO  FIT  BAILS  of  all  8TABDABD  PATTBENS. 

Rolled  Steel  Bart  of  all  sizes  in  Merchant  Shapes. 
STEEL  CASTINGS,  FOB«IN«S,  and  BLOOMS 


CAPACITY  FSB  AIsTW— MO.000  GBOSS  TOSS  STEEL. 

BRIDGES,  VIADUCTS,  AND  BUILDINGS. 
aSTEEL  RAlLsfe^FROGS. 


The  Special  Impro 

veojeiits  In  Froga  Introduced  and  made  solelj' 

y  ttaia  Company  ar* 

i  used  ond  approved  as  Standard!  on  miuj  of 

railroade  all  oxer  Ihe  country,  and  glie  alwayi 

he  best  possible  ser 

rice.  Made  in  all  deaiied  Patterns,  and  adapted 

o  all  condition!  of  e 

erilce.    The  capacity  of  the  Frog,  Switch,  and 

Igntl  Department  £ 

;reatly  exceeds  tbat  of  any  other  aunilar  manu- 

SPLIT  SWITCHES  AND  SAFETY  SWITCHES, 
SWITCH 
STANDS 

and  FIXTURES, 


MAGNETO  HIGHWAY  CBOSSIHG  ALAEMS 

Foi  Signaling  approach  of  Sailway  Trains  at  Orosaingl  and  Station!,     I'd 

Batteries.     Electricity  from  Permanent  Magnet  Generator*,  eaailjr  kept  In 

order  by  ordinary  help.  No  winding -np.    Bo  danger  of  frotiting, 

ELECTRIC  B1MAPH0RH  SI3NALS  W0RK8D  AT  ANY  DISTANCE. 

WORKS  AT        (  General  Office,  20B  S.  Fourth  St.,  PHILADELPHIA,  PA. 
QTCPI  THM      DA     1  "e"  York  S*LES  0FFIcE-  No-  z  w««  *■ 
OILXLIUN,    rrt.   (Boston  SALES  OFFICE,  No.  70  Kiluj  St. 


HENRY  G.  MORSE,  President. 
WILLIAM   SELLERS.  Vice-Pres.        '   WILLIAM   F.  SELLERS,  Secretary. 
WM.  H.  CONNELL;  Treasurer. F.  W.  HEI8LER,  Purchasing  Agent. 

EDGE  MOOR  BRIDGE  WORKS 

DESIGN  AND  MANUFACTURE 

Railway  Bridges,  Viaducts/^Roofs, 

IN   STEEL   AND   IRON. 


Tensile  Members  Forged  without  the  Addition  of  Extraneous  Metal,  atd 

without  Welds,  Piles  or  Buckles. 

Compressive  Members  Manufactured  by  Processes  which  Insure  an 
Entire  Absence  of  Constructional  Strains, 


WROUGHT-IRON   TURN-TABLES, 

With  Centres  of  Conical  Steel  Rollers  and  Steel  Plates. 


MAIN  OFFICE  AND  WORKS  AT 

EDGE  MOOR,  ON  DELAWARE  RIVER. 

Post-OJHee,  Wilmington,  Delaware. 

Edward  Cooper,  Pres., )  Va—  Vm.v     Chas.  E.  Hewitt,  Treas.,  \  ip-^-i™, 
Edwin  F.  Bedell,  Sec,  J  wew  Y0TK'    Joseph  Stokes,  Supt.,      J  ™i"»n. 


NEW  JERSEY  STEEL  and  IRON  CO., 

TIR/ZEICTTOISr,  2ST-  J".      .»■■  . 

COOPER,  HEWITT  &  CO, 

17  Burling  Slip,  New  York. 

WROUGHT  IRON  AND  STEEL  BEAMS,  CHANNELS,  ANGLES, 

AND  TEES,  MERCHANT  IRON,   BRAZIER  AND  WIRE 

RODS,  HORSE  SHOE  IRON,  RIVETS,  CHAINS. 

ENGINEERS  AND  CONSTRUCTORS  OF 

BRIDGES,  ROOFS,  Etc. 

«■■*■  —  ■      ■  ■■■■■■    ■— — — mmam 

Plans  and  Estimates  Furnished  for  Draws,  Fixed 

Spans,  Etc. 


Union  Bridge  Co. 


C  liCEOIUIJ).  Q.  S.  MlDEICl  1DM0I0  MTU 


IRON  BRIDGES. 

■WORKS:  ATHENS,  PA. 


I  Ho.  I  BroMlwaT,  Sew  York, 
OFFICES  i-^ai  Karen  Blinding,  Bnmtlo,  K™  York. 
(Athens,  Bradford  Co.,  Pa. 

CHAPMAN  VALVE  MANTG  CO.. 

MANUFACTURERS  OF 

Valves  and  Gates  for  Water,  Gas, 
Steam,  Oil,  Ammonia,  &o. 


Gate  Fire  Hydrants, 


ILL  WORK  GU1RANTEE0. 


Bend  for  Illustrated 
Catalogue  and  Priae  Lilt. 


Works  ind  General  Office.  :| 

IXDIAN   OROHARD,  W  Kilty  *  US  Hilk  ftfa, 


Chicago  Hom*  I  31  Welt  Lake  St.,  Chicago. 


WM.  SELLERS  &  CO., 

(INCOBFOBATED) 
MANTTFACTURBBS   OF 

MACHINE  TOOLS 

FOR  WORKING  IRON  AND  STEEL. 

Big*  Speed  Timling  Cranes  and  Swing  Cranes. 

IMPROVED  TURNTABLES  FOR  LOCOMOTIVES,  CARS,  Etc 
INJECTORS  FOB  LOCOMOTIVE,  STATION- 
ART  and  MARINE  BOUjEBB. 
SHAFTING   and  all  its   APPURTENANCES. 

Improved  Testing  Machines 

Under  the  Patents  of  A.  H.  EMERY. 


Office   and   Worlcat   PHILAIHgliPHTA,  FA. 

THE  MIDYALE  STEEL  COMPANY. 


TIRES, 

AXLES,  FORCINGS  AND  CASTINGS, 

TOOL,  HACHMERT  AM  8PHIM  STEEL, 

WORKS  AND  OFFICE: 

NICETOWN,  PHILADELPHIA.,  PA, 


JAMES    CLARK, 


ALLEN  B.  HOWE, 


JOHN   K.  HOWE, 


Osgood  Dredge  Co., 

37  State  Street,  Albany,  N.Y., 

DREDGES  AND  STEAM  SHOYELS. 

ACTUAL    RECORDS. 
Ijf   yd.  Dipper  Dredge. 

1100  yds.  in  10  hours  (average). 
P-H  yd.  Dipper  Dredge. 

2]  00  yds.  in  12  hours. 
3%   yd.  Dipper  Dredge.    60  ft.  Boom. 
4,500  yds.  in  1 2  hours. 
66,000      "      21  days. 
No.  1  Steam  Shovel.     2  yd.  Dipper. 
2,208  yds.  in  8  hours. 
2,394      "       9J4  hours. 
56,000      "       1  month.    10  hours  per  day. 
86,000      "       1      "  Day  and  night 

456,000      "       1  season.    0  months. 


THE   BEST 


CHEAPEST. 


NAT40NAL  TUBE  WORKS  CO. 


• 


MANUFACTURERS  OP 


Lap-Welded  Wrought  Iron 

Steam,  Gas,  Water,  Line  and  Drive  Pipe, 
Artesian  and  Oil  Well  Tubing, 
Artesian  and  Oil  Well  Casing, 

Kalamein  Water  and  Gas  Pipe, 
Standard,    Steel,    Semi-Steel,    Franklinite    and 
Diamond  Locomotive  Boiler  Tubes. 


CONVERSE  PATENT  LOCK-JOINT  PIPE, 

Fittings,  Tools  and  Appurtenances, 

FOR  WATER  AND  GAS  WORKS. 

Far  superior  to  Cast  Iron  Pipe.    Positively  no  corrosion, 
leakage  nor  tuberculous  incrustation. 

Pump  Columns  and  Light  Flanged  Pipe, 

Mack's  Patent  Injectors. 

Works:  McEEESPOET,  FA.,  and  BOSTON,  MASS. 

OFFICES  AND  WAREHOUSES: 

BOSTON,  MASS 70  Federal  Street. 

CHICAGO,  ILLS Cor.  Clinton  and  Filton  Streets. 

NEW  YORK,  N.  T 160  Broadway* 

P1TT8BUKGH,  PA Lewi*  Building. 

ST.  LOUIS,  HO 938-40-42-44  N.  Second  Street 

PHILADELPHIA,  PA 216  South  Third  Street. 
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Morris,  Wheeler  &  Co., 

1608  Market"  St.,     400  Chestnut  St., 


BARS,  BEAMS,  CHANNELS  AND  SHAPES, 
STEEL  SLABS  AND  BILLETS. 

Sheared  and  Universal  Mill  Plates,  of  Iron  and  Steel, 

FOB  SHIPS,  BOHJEBS  AMD  BRIDGES. 

IRON  <*  STEEL  COT  NAILS  <*  SPIKES,  STEEL  WIRE  NAILS. 

IRON  AND  STEEL  OF  ALL  DESCRIPTIONS. 


Large  and  Well-assorted  Stock  always  in  Warehouse. 

The  Standard  and  Only  Work  upon  its  Subject,  and  the  Most  Elaborate 
and  Complete  Treatise  on  Railway  Construction  and  Operation  ever 
published.  : ' 

THE 

ECONOMIC  THEORY 

OF  THE 

Location  of  Railways. 

AN  ANALYSIS  OF  THE  CONDITIONS  CONTROLLING  THE 

LAYING  OUT  OF  RAILWAYS  TO  EFFECT  THE  MOST 

JUDICIOUS  EXPENDITURE  OF  CAPITAL. 

By  ARTHUR  MELLEN  WELLINGTON,  M.  Am.  Soc.  C.  E. 

Revised  and  Enlarged  Edition,  1000  Pages,  205  Tables,  314  Engravings  and  Plates 

PUBLISHED  AND  FOR  SALB  BY 

ENGINEERING  ftpWg 

AND 

AMERICAN  RAILWAY  JOURNAL. 
TRIBUNE  BUILDING,  NEW  YORK. 

Single  Copies,  $5.00,  post-free.   Five  Copies,  by  Express,  C.  0.  Dn  $90.0Q 
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GOLD   MEDAL,  CHRIST   CHURCH,  N.  Z. 

SILVER  MEDAL,  HIGHEST  AWARD, 

Amsterdam,  1883.  Calcutta,  1884. 


BROOKS,  SHOOBRIDGE  &  CO., 

BEST  ENGLISH 

PORTLAND  CEMENT. 


7  BOWLING  O-ZE^ZEIEieT, 

NEW  YORK. 


WORKS:   GRAYS,  ESSEX,    ENGLAND. 


SAMUEL  H.  FRENCH  &  CO., 

York  Avenue,  Fourth  and  Callowhill  Sts., 

PHILADELPHIA,  PA. 


MANUFACTURERS  AND  IMPORTERS  OF 

PAINTS,  PLASTER  AND  CEMENTS. 

PEERLESS  COLORS  FOR  MORTAR. 


BUILDERS5    SUPPLIES 


We  solicit  correspondence. 


ESTABLISHED  1844. 
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""IE  INGERSOLL-SEKGEANT 

DRILL   CO., 

10  Park  Place,  New  York. 
AIR   COMPRESSORS, 

ROCK  DRILLS, 

Mining,  Tunneling,  Quarrying  Machinery, 
SUBMARINE  DRILLING, 
Blasting  Apparatus. 

Twenty-eight  of  the  thirty-two  large  tun- 
nels which  have  been  driven  with  machine 
drills  in  this  country  have  employed  the 
IngersoU  Drill. 

Send  for  complete  priced  Catalogue,  with 
facts  and  figures  pertaining  to  Mining,  Tun- 
neling and  Quarrying. 

Stow  Flexible  Shaft  Co.,  Limited, 

Twenty-Sixth,  Callowhill  and  Biddle  Sts, 
PHILADELPHIA,  PI, 

Manufacturers  or 

FLEXIBLE  SHAFTS, 

and  all  aindu  of  Hwhmes  to 


Portable  TooU  (or  Emery  Wheel 
Grinding,  Metal,  Wood  and  Stone 
Polishing,  Cattle  Brushing  and  Clip- 


Biildanof  Spatial  Maeklnc* 
Railroads,    Bridge   and    Boilci 


BALDWIN  LOCOMOTIVE  WORKS. 

ESTABLISHED  18S1.-ANNUAL  CAPACITY,  1000. 


coMPorwn  locomotives 

Anil  Locomotives  adapted  to  every  variety  of  service,  and  Tmllt  accnra 

to  standard  gauges  and  templates.    Like  parts  of  different  engines 

aame  class  perfectly  Interchangeable.     Broad  and  Narrow  Gauge 

Locomotives;  Mine  Locomotives  hy  Steam  or  Compressed 

Air;  Plantation  Locomotives  ;  Furnace  Locomotives; 

Noiseless  Motors  for  Street  Railways,  etc 


BURNHAM,  WIUIAMS  It  CO.,  Proprietors,  PMIaddpnia,  Pa, 

J.  G.  BRILL  COMPANY, 


PHILADELPHIA. 


BUILDERS   OF 


Railway  and  Tramway  Cars. 


ELECTRIC,  CABLE  and  SUBURBAN  CARS. 

STREET    CAR    SUPPLIES. 


PHILADELPHIA  BRIDGE  WORKS. 

COFRODE  &  SAYLOR,  Incorporated. 

Works,  POTTSTOWN,  PA. 


Civil  Engineers  and  Bridge  Builders. 

DESIGN  AND  CONSTRUCT 

Iron,  Wooden,  and  Combination  Bridges,  Build- 
ings, Roofs,  Docks,  and  Wharves. 

ALSO, 

Manufacturers  of  very  Superior  Wrooght-Iroo  Loco- 
motive Turntables,  of  Deck  and  Half- 
through  Pattens. 


General  Offices;  257  S.  Fourth  St.,  Philadelphia. 


PHILADELPHIA  CORLISS  ENGINES. 


Philadelphia  Engineering  Works,  Ltd., 

mmm  st.  bast  of  froht  st,  Philadelphia,  pa. 


Non-Condensing,  Condensing,  Triple  and  Quadruple 
pansion,  Horizontal  or  Vertical. 
SUPERIOR  DESIGN,  WORKMANSHIP,  AND  FINISH. 
Catalogues  Mailed  on  Application. 


HI.  SHARPS,  Singer  Western  Brack,  Pkoil  Building,  Chicago,  Ik 


SERVIS  TIE  PLATE 

HAS  PROVED  ITS  VALUE 

[  Safety, 
for         Permanency, 

[  jm  Economy 

—  IN  — 

TRACK  MAINTENANCE. 

Q  &  0  COMPANY, 

705  Phranix  Building,  Chicago,  Ills. 

JULES  VIENNOT, 

504  Walnut  St.,  Philadelphia,  Pa., 

SPECIAL  ADVERTISING  AGENT  JOE 

MerchantSCo.,  Midvale  Steel  Co., 

B.u_rffl  Locomotive  Worts.  Morse,  Williams  S  Co  , 

-  " -iy  Baird  &  Co..  Gordon,  Stroebel  &  Laureau,  limited. 


Henry  Carey  Baird  &  Co..  Gordon,  Stroebel  &  Laureau,  : 

The  Standard  Steel  Works,  Cortriaht  Metal  Roofing  Co. 

Latrobe  Slee]  "'--■-  "■■■ 
Ban  Pumpii 

.  .                              AND  OTHERS, 


Latrobe  Sieel  Works,  Haines,  [one.  &  Cadbury  Co., 

Slow  flexible  Shall  Co.,  Limiter 


Taking  entire  charge  of  all  Advertisements,  relieving 
the  Advertiser  from  trouble  and  annoyanoe,  besides 
making  a  great  saving  In  cost. 

"VIENNOT'S  SELECTED  LIST,"  a  book  giving 
rates  and  other  Information  about  TRADE  JOUR- 
NALS,   furnished    upon    application,   free    of  charge. 


CORRESPONDRNCK    SOLICITED, 


WE  ARE  ISSUING  A  SEMES 

OF 

VALUABLE  CATALOGUES 

OF 

SCIENTIFIC  TEXTBOOKS  and  PRACTICAL  WORKS 

OF 

OUR  OWN  PUBLICATION, 

arranged  under  subjects,  giving  full  titles  and  descriptions,  with 
press  and  other  notices,  thus  supplying  to  those  interested  in  such 
works  fuller  information  as  to  the  character  and  value  of  the  same 
than  is  found  in  ordinary  Catalogues. 

We  have  now  ready,  and  will  mail  free  to  any  one  ordering 
them,  the  following : 

No.      I.  CIVIL  ENGINEERING.     . 

II.  MATERIALS  OP  ENGINEERING. 

III.  BRIDGES,  ROOFS,  Eto. 

IV.  HYDRAULICS,  Eto. 

V.  STEAM-ENGINES,  BOILERS,  Eto. 
VI.  CHEMISTRY,  ELECTRICITY,  Eto. 
VII.  MATHEMATICS,  ASTRONOMY,  Eto. 

VIII.  ASSAYING,     METALLURGY,     MINERAL- 
OGY, Etc. 

IX.  ART,    DRAWING,    PAINTING,    ENGRAV- 
ING, Eto. 

X.  ARCHITECTURE,     CARPENTRY,     STAIR- 
BUILDING,  Eto. 

XI.  MECHANICS,  MACHINERY,  MANUFACT- 
URES. 
XII.  MILITARY   AND    NAVAL    TEXT-BOOKS, 
NAVIGATION. 


S3  Bast  Tenth  St.,  New  York. 
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BAZIN'S  WEIR  EXPERIMENTS. 
Recent  Experiments  on  the  Flow  of  later  oyer  Weirs,  etc. 

By  M.  BAZIN, 

Inspector-General  de»  Pouts  et  ChaiMse*es. 

TRANSLATED  FROM  ANNALBS  DES  FONTS  ET  CHAUSSEBS, 
By  ARTHUR  MARICHAL  and  JOHN  C.  TRAUTWINE,  Jr. 

PUBLISHED  IN  THE 

Proceedings  of  the  Engineers'  Club  of  Philadelphia. 

KUTTER'S  FORMULA. 

THE  ONLY  TRANSLATION  OF 

6AN6UILLET  AND  KUTTER'S 

"  Versuch  zur  Aufstellung  einer  neuen  allgemei- 

nen  Formel  fur  die  gleichformige  Bewegung 

des  Wassers  in  Canalen  und  Flussen," 

which  is  the  only  wor*  treating  fully  of  KUTTER'S  FORMULA, 
and  explaining -its  derivation. 

£y  RUDOLPH  HERING, 

M.  Am.  Soc.  C.  E.,  M.  Inst.,  C.  E., 

AND 

JOHN  O.  TRAUTWINE,  Jr., 
Assoc.  Am.  Soc.  C.  E.,  Assoc.  Inst.  C.  E., 

with  a  Preface  by  the  authors,  many  original  Appendices  and  Illus- 
trations, and  an  entirely  new  and  very  comprehensive  Table  of  Ex- 
periments upon  flow  in  channels  and  in  pipes. 


SECOND  EDITION. 


240  Pages,  with  Eight  Folding  Plates  and 
many  other  Illustrations,  $4.00. 


JOHN    WILEY    &   SONS, 

Scientific  Publishers, 
63  East  Tenth  Street,  New  York. 
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CRAM'S 

STEAM  PILE  HAMMER. 


Patented,  tteptembi 


This  machine  baa  a  decided  advantage  over  others  ol  its  class  in 
baring  «3^  percent,  of  ita  total  weight  tn  the  driving  ram. 

The  valuable  qualities  of  automatic  steam  pife  hammers  are  now  gener- 
ally recognized;  and  as  they  approach  the  mechanical  ideal— the  ben v- 
feat  ram  with  short  and  most  rapid  blows— they  commend 
themselves  more  and  more  to  the  scientific  mind. 

Giving  greatest  penetration  with  least  injury  to  the  pile,  and  greatly 
cheapening  the  cost  of  pile-driving,  they  meet  the  approval  of  practical 
men,  as  abundant  testimony  of  actual  users  will  Indicate. 

For  particulars,  address 

XI..    aT.    «**    A.    33-    OR.ABI. 
SO  <1BINW«I,I>  NTBEET, 

DETROIT,  MICH. 


THE  CONSTRUCTOR 

A  HAND-BOOK  OF  MACHINE  DESIGN. 

By  F.  RETTLEAUX. 

•Translated  by  Henry  Harrison  Suplee. 


AUTHORIZED   EDITION. 

Handsomely  Bound  in  Cloth. 

Si«e,  12  X  9  In pp.  xviii,  313. 

With  Portrait  and  over  1200  Illustrations. 


PRICE,  $7.50. 

SENT   BY   EXPRESS,  PREPAID,  ON    RECEIPT  OF   PRIOE. 


Order  Direct  by  Mail  prom 
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339  West  Chelten  Avenue,  Philadelphia,  Pa. 

Drawings  and  Tracings  Copied 

IN 

CLEAN  AND  PERMANENT 

BLACK  LIICTES, 

OR  IN 

SEPIA,  ANTIQUE  GREEN  OR  BLUE  LINES 

ON  A 

WHITE    GROUND. 


Address  FRANCIS  LeCLERE, 

Franklin  Institute, 

PHILADELPHIA. 


